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published and include all reports and papers to the 
ciety during the current year and accepted by the Administrative Com- — 
mittee on Papers auc Publications for the Proceedings, together with 
discussion. 

The table of ¢o tents and subject and author indexes cover all papers — 
and reports published by the Society during the current year, which in — 
addition to those appearing in the Proceedings include those accepted — 
for publication in the ASTM Buttetin or in Special Technical Publi- 
cations. 

A list of the Special Technical Publications published by the Society | 
in 1958 is given on page 1420 of this volume. This supplements the lists _ 
appearing in the Proceedings from 1948 to 1957 covering all special pub- — 
lications published by the Society up to and including 1957. ~s 
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Nothing contained in any publication of the American Society 
for Testing Materials is to be construed as granting any right, 
by implication or otherwise, for manufacture, sale, or use in con- 
nection with any method, apparatus, or product covered by Letters 
Patent, nor as insuring anyone against liability for infringement 

of Letters Patent. 


The Society is not responsible, as a body, for the statement 
a and opinions advanced in this publication oe 
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; Special Meeting for Amendment of ASTM Charter, see p. 1375. 
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AMERICAN SOCIETY FOR TESTING MATERIALS ~ 
1916 RACE ST., PHILADELPHIA 3, PA. 


SUMMARY OF PROCEEDINGS 


OF THE 


— 7 This summary of the Sixty-first An- 
nual Meeting of the American Society 
for Testing Materials, held at the 
Statler and Sheraton-Plaza Hotels, Bos- 
ton, Mass., June 22-27, 1958, is a record 
of the transactions of the meeting, in- 
cluding the actions taken on the various 
recommendations submitted by the 
technical committees. In all, 42 technical 
sessions were held. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 1802; committee members, 
722; guests, 471; total, 2995; ladies, 500. 

The Proceedings are set forth session 
by session. There were 72 reports and 
144 formal papers presented. The record 
with respect to each has been briefed; 
the recommendations in the reports have 
been grouped so as to cover the accept- 
ance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentatives, 
and proposed revisions of existing stand- 
ards, and, as a separate group, the ap- 
proval of matters that were referred to 
letter ballot of the Society, comprising 
the adoption of tentatives as standard 
and the adoption of revisions of stand- 
ards. Accordingly, wherever the action 


Boston, Mass., JuNE 22-27, 1958 


is reported “adopted as standard” or 
“adopted as standard, revisions in,” it 
is understood that this indicates approval 
of the Annual Meeting for reference to 
letter ballot of the Society.! The various 
recommendations so recorded are in- 
cluded in the Society letter ballot. The 
actions designated as “accepted as tenta- 
tive” or “accepted as tentative, revisions 

” are self-evident as indicating accept- 
ance by the Society at the Annual 
Meeting for publication as tentative. 
Designations that have since been as- 
signed to new tentatives are included as 
information. 

All papers, unless otherwise noted, are 
published in the Proceedings. 

While all the items on the program are 
recorded under the particular session in 
which they are presented, for conven- 
ience in locating actions with respect to 
any particular report, the accompanying 
list is presented of all reports together 
with the page reference where the actions 
thereon are recorded. There are also 
listed the various symposia and special 
sessions. 

1 The letter ballot on recommendations affect- 
ing standards, distributed to the Society mem- 


bership, will be canvassed on September 22, 
1958. See Editor’s Note, p. 42. 
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B-7 on Light Metals and Alloys, Cast and Wrought.........................000cce0ee 31 
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40 
C-19 on Structural Semawick Construction. ...... 29 
C-21 on Ceramic Whiteware and Related 29 
D-1 on Paint, Varnish, Lacquer, and Related Products ........................0.00. 22 
D-2 om Petroteum Products and 36 
D-8 on Bituminous Waterproofing and Roofing 41 
D-11 on Rubber and Rubber-like Materials. 37 
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Committee: 


E-S on Fire Tests of Materials and Construction. 5 
E-6 on Methods of Testing Building 
E-10 on Radioisotopes and Radiation 8 
] 
F-1 on Materials for Electron Tubes and Semiconductor Devices....................... 13 
Joint Committee on Effect of Temperature on the Properties of Metals................. 16 


SIXTY-FIRST ANNUAL MEETING 


Joint Committee on Leather............... 


' The session was formally opened by 
President R. T. Kropf, who called atten- 
tion to the very complete program of 
events that were to follow during the 


Tentative Fatigue Strength Reduction Factors 
for Silicate-Type Inclusions in High Strength 
Steels—H. N. Cummings, F. B. Stulen, and 
W. C. Schulte, presented by Mr. Stulen. 

Torsional Fatigue Properties of Small Diameter 
High-Carbon Steel Wire—H. C. Burnett, 
presented by the author. 

Effects of Grinding Direction and of Abrasive 
Tumbling on the Fatigue Limit of Hardened 


FIRST SESSION—OPENING SESSION 
Monpay, JuNE 23, 10:00 a.m. 


ForMAL OPENING OF THE SIxTY-FIRST ANNUAL MEETING, PRESIDENT R. T. Kropr 


ensuing week. The meeting was then 
turned over to the session chairman, D. 
G. Richards, Hamilton Standard Divi- 
sion of United Aircraft Corp. 


SESSION ON FATIGUE 


SESSION CHAIRMAN: D. G. RICHARDS 


(Continued i in Tenth Session) 


Steel—L. P. Tarasov, W. S. Hyler, and H. R. 
Letner, presented by Mr. Tarasov. 

Distribution of Fatigue Failures in Flat Hard- 
ened Steel Test Bars—L. P. Tarasov, W. S. 
Hyler, and R. J. Favor, presented by Mr. 
Hyler. 

Effect of Static Prestrain on the Fatigue Proper- 
ties—F. Vitovec, presented by the author. 


| 


Subcommittee IV on Instrumentation of Committee 
D-22 on Methods of Atmospheric Sampling and Analysis 
sponsored a Symposium on Instrumentation at which the 
following papers were presented: - 


terization of Aerosols—Chester T. O’Konski. 


SYMPOSIUM ON INSTRUMENTATION 
Monpay, 23, 10:00 a.m. 


SESSION CHAIRMAN: 


Light Scattering Instrumentation for Charac- 


| Filtration Methods for Evaluation of Aerosol 


| 
M. D. Tomas 


Contaminants—Morris Katz and H. P. Sand- 
erson. 

Relative Merits of Gas Chromatography, 
Colorimetry and Spectrometry for Air Pol- ‘ 
lution Measurements—Lewis A. Rogers. ay 

Discussion of Atmospheric Fluoride Recorder— 
Moyer Thomas and D. A. St. John. 


| 
| 


Dislocation Behavior in Lithium Fluoride Crys- 
tals During Cyclic Stressing—R. E. Keith 
and J. J. Gilman, presented by Mr. Keith. 

Cycle-Dependent Stress Relaxation—JoDean 
Morrow and G. M. Sinclair, presented by Mr. 
Morrow. 

Internal Friction, Plastic Strain, and Fatigue in 
Metals and Semiconductors—W. P. Mason, 
presented by the author. 


2 To be issued as separate publication ASTM 
STP No. 237. 


SECOND SESSION—SYMPOSIUM ON BASIC MECHANISMS OF FATIGUE? 
Monpay, June 23, 2:00 p.m. 


Session CuarrMAN: T. J. Dotan 


Observations Relating to a Proposed Mecha- 
nism of Fracture by Fatigue—W. A. Wood, 
presented by H. T. Corten. 

A Study of Fatigue Crack Formation in Silver 
Chloride—P. J. E. Forsyth, presented by W. 
S. Hyler. 

Slipband Formation and Fatigue Cracks of 
Different Materials Under Alternating Stress- 
ing—Max R. Hempel, presented by D. G. 
Richards. 


Some Factors Affecting Durability of Structural 
Clay Product Masonry—I. V. Johnson and 
, H. C. Plummer, presented by Mr. Johnson. 
Laboratory Testing and the Durability of Con- 
crete—T.B. Kennedy, presented by the author. 
Durability Tests of Structural Sandwich—E. W 


* To be issued as separate publication ASTM 
STP No. 236. 


SESSION CHAIRMAN: 


THIRD SESSION—SYMPOSIUM ON SOME APPROACHES TO 


DURABILITY IN STRUCTURES* 
Monpay, JuNE 23, 2:00 p.m. 


E. C. SHuMAN 


Kuenzi and L. W. Wood, presented by Mr. 
Kuenzi. 
The Durability of Buildings—R. F. Legget and 
N. B. Hutcheon, presented by Mr. Legget. 
Effect of the Atmosphere on Masonry and Re- 
lated Materials—J. W. McBurney, presented 
by the author. 

Relation Between Actual and Artificial Weath- 
ering of Organic Materials—F. W. Reinhart, 
presented by the author. 


Convergence of Tie Lines in Ternary Liquid 


R. L. Pilloton, presented by the author. 
Metals Analysis with Thenoyltrifluoroacetone— 
F. L. Moore, presented by the author. 


* To be issued as separate publics ation ASTM 
STP No. 238. 


FOURTH SESSION—SYMPOSIUM ON SOLVENT EXTRACTION 
TerrTeT IN THE ANALYSIS OF METALS* 


Monpay, June 23, 2:00 p.m. 


SESSION CHAIRMAN: GEORGE H. Morrison 


Systems—Application to Liquid Extraction— 


‘oe 
Ye's 


The Use of Tri-n-Octylphosphine Oxide in 
Analytical Chemistry—J. C. White, presented 
by the author. 

8-Hydroxyquinaldine Extractions Applied to 
the Analysis of Metals—R. J. Hynek, pre- 
sented by the author. 

The Role of Organic Solvents in Flame Photom- 
etry—J. A. Dean, presented by the author. 
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Measurement Error Considerations in Bulk 
Sampling—A. J. Duncan, presented by the 
author. 

Prepared Discussion, Edward Forst, Jr. 
An Interpretation of the Enos Coal Sampling Data 


— as an Example of Bulk Sampling—B. A. 


FIFTH SESSION—SYMPOSIUM ON BULK SAMPLING5 
In cooperation with the Chemical Division of the American Society for Quality Control = 


Monnay, JUNE 23, 2:00 p.m. 


SESSION CHAIRMAN: SIMON COLLIER 


Landry, presented by the author. 
Prepared Discussion, G. W. Armstrong. 


The Effect of Increment Weight on Sampling 


Accuracy—W. M. Bertholf, presented by the 
author. 
Prepared Discussion, Alonzo Church, Jr. 


Monpay, JuNE 23, 8:00 


SEssION CHAIRMAN: B. H. Lioyp 


The Purposes of Sampling—W. E. Deming, 
presented by the author. 


5 To be issued as separate publication ASTM 
STP No. 242. 


Studies in Ore Car and Abrasive Grain Sam- 


pling Variation—R. S. Bingham, Jr., J. L. 
Gioele, and V. B. Shelburne, presented by 
Mr. Gioele. 

Prepared Discussion, N. F. Knowlden. 


SESSION CHAIRMAN: M. A. PINNEY 


Committee C-2 on Magnesium Oxychloride 
and Magnesium Oxysulfate Cements: 


Report presented in the absence of the chair- 
man by N. V. Becker, and the following actions 
taken: 


Adopted as Standard: 


Def. of Terms Relating to Magnesium Oxy- 
chloride and Magnesium Oxysulfate Cements 
(C 376-55 T) 

Test for Yield of Magnesium Oxychloride 
Cement (Field Test) (C 388 - 56 T) 

Test for Yield of Magnesium Oxychloride Ce- 
ment (Laboratory Test) (C 389-56 T) 


Committee D-7 on Wood: 
- Report presented in the absence of the chair- 


man by S. F. Etris, and the following actions ' 


taken: 
4 ccepted as Tentative: 


Def. of Terms “elating to Wood-Base Fiber and 
Particle Panel Materials (D 1554-58 T) 


SIXTH SESSION—COMMITTEE REPORT SESSION a 
Monpay, 23, 4:30 p.m. 


pat 

Accepted as Tentative, Revisions in: 

Spec. for Wood Paving Blocks for Exposed Plat- 
forms, Pavements, Driveways, and Interior 
Floor Exposed to Wet and Dry Conditions 
(D 52-57) (Standard reverted to tentative) 

Adopted as Standard: 

Methods of Static Tests of Wood Poles (D 1036 - 
55'¥) 

Adopted as Standard, Revisions in: 

Spec. for Round Timber Piles (D 25 - 55) 

Test for Water in Creosote (D 370 - 33) 

Test for Integrity of Glue Joints in Laminated 
Wood Products for Exterior Service (D 1101 - 
53) 

Committee E-5 on Fire Tests of Materials 
and Construction: 

Report presented in the absence of the 
chairman by A. L. Brown, and the following 
actions taken: 

Accepted as Tentative: 


Test for Defining Noncombustibility of Build- 
ing Materials (E 136-58 T) 
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Adopted as Standard: 


Methods of Fire Tests of Door Assemblies 
(E 152 - 56 T) 

Methods of Fire Tests of Roof Coverings 
(E 108 - 56 T) 


Adopted as Standard, Revisions in: 


and Materials (E 119-55): covering (1) 

adoption as standard of tentative revision of 

Section 26; and (2) immediate adoption of 

revisions of Sections 5 and 23. 

The committee withdrew from the report as 
preprinted the recommendation for adoption as 
standard of Tentative Method of Fire Hazard 
Classification of Building Materials (E 84- 
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Methods of Fire Tests of Building Construction 
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Committee E-11 on Quality Control of 
Materials: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions — 
taken: 


Accepted as Tentative, Revisions in: 


Rec. Practices for Designating Significant Places 
in Specified Limiting Values (E 29-50) 
(Standard reverted to tentative) 


Adopted as Standard: 


Rec. Practice for Probability Sampling of 
Materials (E 105 - 56 T) 

Rec. Practice for Choice of Sample Size to 
Estimate the Average Quality of a Lot or 
Process (E 122 - 56 T) 


Microstructural Observations Pertinent to the 
Tempering and Temper Brittleness of Steel— 
W. P. Clancy and Mary R. Norton, presented 
by Miss Norton. 

The Effects of Strain Rate and Temper Rolling 
on the Strain-Aging Characteristics of 
Rimmed Deep-Drawing Steel—D. H. Fisher, 
R. L. Carlson, and W. T. Lankford, presented 


by Mr. Fisher. 
Toughening High Strength Steel by Warm 


Working—E. J. Ripling, presented by the 
author. 


SEVENTH SESSION—FERROUS METALS 
Monpay, 23, 8:00 p.m. 


SEssION Co-CHAIRMEN: VICE-PRESIDENT F. 
W. T. LANKForD 


L. LAQuE 


Effect of Size on the Yielding of Mild Steel 
Beams—C. W. Richards, presented by the 
author. 

Stress-Rupture and Creep Properties of Malle- 
able Iron at Elevated Temperatures—L. C. 
Marshall and G. F. Sommer, presented by 
Mr. Marshall. 

Hysteresis and Anelasticity in Cold-Worked 
Stainless Steel—J. D. Lubahn, presented by 
the author. 


Reflectance Tests for Concrete Curing Mate- 
rials—C. C. Rhodes, M. H. Janson, and M. 
G. Brown, presented by B. W. Pocock. 

Extending Concrete Highway Durability with 
Silicones—H. L. Cahn and R. V. Mackey, 
_ St, presented by Mr. Cahn.* 


Published in the ASTM Buttetin, No. 235, 
Jan., 1959, p. 37 (TP 7). 
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EIGHTH SESSION—CONCRETE 
Monpay, June 23, 8:00 p.m. 


(Continued in Ninth Session) 


= 


SESSION CHAIRMAN: P. H. PETERSEN 


Testing of Prestressing Materials and Concrete 
Control on the Northern Illinois Toll High- 
way—J. J. Waddell, presented by the author.’ 

Influence of Various Factors on Sulfate Resist- 
ance of Concrete—Milos Polivka and E. H. 
Brown, presented by Mr. Polivka. 


7 Published in the ASTM Buttetin, No. 234, 
Dec., 1958, p. 35 (TP 247). 
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SyMPosiuM ON ADVANCES IN ELECTRON METALLOGRAPHY® 


TUESDAY, JUNE 24, 9:00 a.m. 


Subcommittee XI on Electron Metallography of Metals Examination of Metal Foils by Transmission 
of Committee E-4 on Metallography held a symposium on Electron Microscopy—F. W. Boswell. 
advances in electron metallography, with the presentation A Study of Dislocations in Thin Metal Foils 
of the following papers: Elongated in the Electron Microscope— 

H. G. F. Wilsdorf. 
First Progress Report of Non-Ferrous Task Microstructure of Age Hardenable Alloys—J. R. 


Group on Metallography of Titanium-8 per Mihalisin and K. G. Carroll. 
cent Manganese Alloy—J. McNutt. An Electron Microscopic Study of the Precipi- 
; Vibratory Polishing of Specimens for Electron tation Hardening of Commercial Nickel- 
7 Microscopy—E. L. Long and R. J. Gray. Base Alloys—W. C. Bigelow, C. L. Cory, and 
q A Technique for the Easy Removal of ‘‘Direct” J. W. Freeman. 
: Replicas for Electron Microscopy—W. H. The Structure and Composition of the y’ Phase 
Bridges and E. L. Long, Jr. of Commercial Nickel Base Alloys—J. A. 
Amy and W. C. Bigelow. 
7 8 To be issued as separate publication ASTM — Electron Probe Analysis of Segregation in In- 


STP No. 246. conel—L. S. Birks and E. J. Brooks. 


NINTH SESSION—CONCRETE 


(Continued from the Eighth Session) > 


TuEsDAY, JUNE 24, 9:30 a.m. 


SESSION CHAIRMAN: M. N. CLAIR 


Long-Time Creep and Shrinkage Tests of Plain The Effect of Type of Capping Material on the 
and Reinforced Concrete—G. E. Troxell, J. Compressive Strength of Concrete Cylinders 


M. Raphael, and R. E. Davis, presented by —George Werner, presented by the author. 
Mr. Davis. Flexural and Compressive Strength Properties 
The Effect of Fine Aggregate Characteristics of Air-Entrained Concrete with Blast-Furnace 


Other than Grading on Strength and Durabil- Slag Aggregate—D. W. Lewis and Fred 
ity of Concrete—J. G. Dempsey, presented Hubbard, presented by Mr. Lewis. 
by the author. 

at 
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SUMMARY OF PROCEEDINGS 


TENTH SESSION—FATIGUE 

(Continued from the First Session) 

Tues’. June 24, 9:00 a.m. 
SESSION -saIRMAN: JOSEPH MARIN 


A Mechanism for Nonpropagating Fatigue A Fatigue Hypothesis Based Upon Stabilized 
Cracks—L. F. Coffin, Jr., presented by the Unidirectional Slip—D. G. Younger, presented 
author. by the author. 

A High Temperature Vacuum and W.atrolled 
Environment Fatigue Tester—G. J. Danek, 


Jr. and M. R. Achter, presented by Mr. ® Published in the ASTM Buttetin, No. 234, 
Danek.’ Dec., 1958, p. 48 (TP 260). 
i, - wa 


ELEVENTH SESSION—SYMPOSIUM ON RADIATION EFFECTS ON MATERIALS” 
Jointly sponsored with Subcommittee on Radiation Effects of Atomic Industrial Forum 
TUESDAY, JUNE 24, 9:30 a.m. 


» Session Co-Cuaremen: J. H. Kitrer 


A. N. TscHAECHE 
Committee E-10 on Radioisotopes and Radiation Effects: . 
Report presented by C. E. Crompton, chairman, and accepted as a report of progress. > 


Symposium Papers: 
1. Dosimetry Considerations 


Dosimetry Techniques for Gamma and Reactor Radiation Fields—Paul Schall, Jr. and J. F. 
Kircher, presented by Mr. Kircher. 


II. Irradiation Facilities and Techniques 


Irradiation Facilities in NRU—G. C. Laurence, Facility—-R. L. Doan, presented by the au- 
presented by the author. thor. 
The Engineering Test Reactor as an Irradiation A Facility for the Study of the Effects of Nuclear 
Radiation on Materials—J. L. Colp and A. 
W. Snyder, presented by Mr. Colp. 
10 To be issued as separate publication ASTM An In-Pile Fatigue Testing Apparatus—E. E. 
STP No. 233. Drucker, presented by the author. 


(Continued in Thirteenth Session) 


t 
| 
| 


i About 350 were present at this annual 
luncheon session, including a number of 
ladies and visitors. 


Awards of Merit: 


The Chairman of the 1958 Award of 
Merit Committee, Henry Grinsfelder, 
read brief citations and presented the 
following to President Richard  T. 
Kropf, who conferred on them, on behalf 
of the Board of Directors, the Certificate 
of Award of Merit: 


Oliver P. Beckwith 
Russell Howard Heilman 

ot 


Clifford P. Larrabee 
* Fritz V. Lenel e* 
} James J. Moran 

James B. Rather, Jr. 


* Arnold Henry Scott 
Bourdon Francis Scribner 
Myron Allan Swayze 

Louis Jacob Trostel >> 

Vincent P. Weaver 

* Presented in absentia. ! '¢ 


Election of Officers: 


3 Results of the letter ballot on election 
of new officers were announced by R. A. 
Pomfret on behalf of the Teller’s Com- 
mittee consisting of Mr. Pomfret, Chair- 
man, and W. L. Glowacki. The results 
were as follows: 


For President, to serve for one year: 
K. B. Woods, 1823 votes. 

For Vice-President, to serve for two years: 
A. Allan Bates, 1818 votes. 

For Directors, to serve for three years: 
P. A. Archibald, 1815 votes. 
W. L. Fink, 1811 votes. 
H. M. Hancock, 1811 votes. 
L. A. O’Leary, 1813 votes. oe 4 
A. C. Webber, 1813 votes. ai 


Srxty-First ANNUAL MEETING 


TWELFTH SESSION—LUNCHEON, PRESIDENT’S ADDRESS, 
NEW OFFICERS, RECOGNITION OF 40-YEAR AND 50- YEAR ME MBERS, 
HONORARY MEMBERSHIPS, REPORT OF BOARD OF 
DIRECTORS, AWARDS 


TUESDAY, JUNE 24, 12:00 Noon 


SESSION CHAIRMAN: NATIONAL Director A. ALLAN BATES aan 
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INTRODUCTION OF 


4 
The newly-elected members of the 
Board of Directors who were present 
were introduced, as were President-elect 
Woods and Vice-President-elect Bates 
and F. L. LaQue, whose term as Vice- 
President continues another year. 


Award of Honorary Memberships: al 

The Executive Secretary read citations 
for the following four members who had 
been elected by the Board of Directors 
to Honorary Membership in the Society: 


H. J. Ball 

Fuller 

J. L. McCloud 
J.G. Morrow 


Presidential Address: 


The annual President’s Address was — 
presented by Richard T. Kropf, on the 
subject “A Continuing and Vital Chal- 
lenge.” 


Report of the Board of Directors: ~ 


R. J. Painter, Executive Secretary, 
presented a brief résumé of the Report 
of the Board of Directors, and submitted 
for action an amendment to the By-laws 
increasing the number of Directors from 
fifteen to eighteen, and increasing the 
dues of Company Members from $50 to | 
$75 and of Sustaining Members from — 
$150 to $200. These changes affect 
Article II, Sections 1 and 4, and Article 
VIII, Section 1. The amendment on 
motion was approved, 


‘wa. 


10 SUMMARY OF 


Recognition of 40-Year and 50-Year Mem- 
bers: 


Chairman Bates called upon Vice- 
President K. B. Woods, incoming Presi- 
dent, who read the names of the twenty 
members, both individual and company, 
who had been continuously affiliated 
with the Society for 50 years. Certificates 
to that effect were presented. T. P. 
Dresser, Jr., of Abbot A. Hanks, Inc., 
made a brief response on behalf of the 
50-Year Members and also invited those 
present to attend the Third Pacific Area 
National Meeting to be held in San 
Francisco the week of October 11, 1959. 

Chairman Bates read the names of the 


PROCEEDINGS 
35 members, both individual and com- 
pany, who had been continuously affil- 
iated with the Society for 40 years, and 
certificates to that effect were presented. 


Special Presentations: 


At the close of the session, the Chair- 
man presented the Past-President’s 
pin to retiring President Richard T. 
Kropf. Mention was made that this 
meeting brings to a close for N. L. 
Mochel nine years on the Board of 
Directors, as Director, Vice-President, 
President, and Past-President. Recogni- 
tion was also given to R. C. Alden, E. F. 
Lundeen, and J. C. Moore as retiring 
Directors. 


Reactor Pressure Vessel Design for Nuclear 
Applications—N. Balai, R. E. Bailey, and 
T. L. Kettles, presented by Mr. Balai. 

Fast Neutrons and the EBR-I Core Flow 
Separator—R. E. Bailey and M. A. Silliman, 
presented by Mr. Bailey. 

Control Materials for Pressurized Water Reac- 
tors—W. K. Anderson, D. N. Dunning, and 
W. E. Ray, presented by Mr. Ray. 

Radiation Behavior of Fuel Materials for Sodium 
Graphite Reactors—B. R. Hayward, L. E. 
Wilkinson, and C. C. Woolsey, presented by 


Sesst1on Co-CHarRMEN: J. H. Kitrev 


III. Studies on Radiation Effects 


THIRTEENTH SESSION—SYMPOSIUM ON RADIATION EFFECTS ON MATERIALS” 
(Symposium Continued from Eleventh Session) 
Jointly sponsored with Subcommittee on Radiation Effects of Atomic Industrial Forum 


TuEsDAY, JuNE 24, 2:30 p.m. 


C. R. Sutton 


Irradiation of Uranium-Fissium Alloys and 
Related Compositions—K. F. Smith (pre- 
sented by title only). 

The Effects of Nuclear Radiation on Natural 
Quartz Piezoelectric Crystals—F. E. Graham 
and A. F. Donovan, presented by Mr. Dono- 
van. 

Some Observations on the Effects of High Neu- 
tron and Gamma Fluxes on the Transmission 
Characteristics of Some Optical Glasses—J. 
L. Colp and H. N. Woodall, presented by 


Committee D-13 on Textile Materials: 


man, and the following actions taken: 


Accepted as Tentative: 


Tapes (D 1572 58 T) 


Report presented by B. L. Whittier, chair- 


Specs. and Methods of Test for Industrial 


Mr. Colp. 
= TuEspay, JUNE 24, 2:30 P.M. 


SEssION CHAIRMAN: PAstT-PRESIDENT H. J. 


Test for Heat Aging of Asbestos Textiles 
(D 1573 - 58 T) 

Specs. and Methods of Test for Woven Asbestos 
Cloth (D1571-58T), to replace Specs. 
D 677 — 50 and Methods D 577 - 52 

Test for Linear Density of Textile Fibers by the 
Vibroscope (D 1577 — 58 T) 
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Test for Moisture in Wool by Oven Drying 
(D 1576 - 58 T) 
Test for Extractable Matter in Oven Dried 
Wool (D 1574 - 58 T) 
Test for Fiber Length of Wool (D 1575-58 T) 
Test for Breaking Strength of Yarn by Skein 
_ Method (D 1578 - 58 T) 


Accepted as Tentative, Revisions in: 


- Method and Tolerances for Yarn Containing 
Wool (D 1285 - 56 T) 

- Test for Twist in Single Spun Yarns (Untwist- 
Twist Method) (D 1422 - 56 T) 

Rec. Practice for Designation of Yarn Construc- 
tion (D 1244-57 T) 

Test for Twist in Yarns (Direct-Counting 
Method) (D 1423 - 56 T) 

Methods of Testing and Tolerances for Tire 
Cords from Man-Made Fibers (D 885 — 56 T) 

Def. of Terms Relating to Textile Materials 
(D 123 - 55) 

Specs. and Methods of Test for Asbestos Tape 
for Electrical Purposes (D 315-52) (Stand- 
ard reverted to tentative) 

Rec. Practice for Designation of Linear Density 
of Fibers, Yarn Intermediates, Yarns, and 
Other Textile Materials in the Tex System 
(D 861 - 52) (Standard reverted to tentative) 


Adopted as Standard: 


Spec. and Method of Test for Fineness of Wool 
(D 419 - 55 T) 

Test for Fiber Length of Wool Tops (D 519- 
55 T) 

Test for Tensile Strength of Wool Fiber Bundles 
(D 1294 - 56 T) 

Test for Wool Content of Raw Wool (Commer- 
cial Scale) (D 1334 — 54 T) 

Test for Determination of Build-Up and Spread 
of Glass Yarn as Wrap (Serving) or Braid over 
Electrical Conductors (D 1332 — 54 T) 

Method for Determining the Specific Area and 
Immaturity Ratio of Cotton Fibers (Arealom- 
eter Method) (D 1449 - 55 T) 

Rec. Practice for Interlaboratory Testing of 
Textile Materials (D 990 - 54 T) 

Tolerances for Filament Acetate 
(D 1235 - 52 T) 

Tolerances for Filament Nylon Yarns (D 1236 - 
52 T) 

Tolerances for Filament Rayon Yarns (D 1237 - 
52 T) 


Yarns 


Adopted as Standard, Revisions in: 


Method of Core Sampling of Raw Wool in Pack- 
ages for Determination of Percentage of Clean 
Wool Fiber Present (D 1060 — 56) 

Methods of Testing Nonwoven Fabrics 
(D 1117 - 57) 

i] 


SrxTy-FIRST ANNUAL 


MEETING 


Def. of Terms Relating to Textile Materials 
(D 123 — 55) 

Specs. and Methods of Test for Asbestos Roving 
for Electrical Purposes (D 375 — 52) 

Specs. and Methods of Test for Asbestos Lap 
(D 1061 — 57) 

Methods of Testing and Tolerances for Glass 
Yarns (D 578 - 52) 

Methods of Testing and Tolerances for Single 
Jute Yarn (D 541 - 52) 

Methods of Testing and Tolerances for Jute 
Rove and Plied Yarn for Electrical and 
Packing Purposes (D 681 — 52) 

Methods of Testing and Tolerances for Rope 
Made from Bast and Leaf Fibers (D 738 — 52) 

Methods of Testing and Tolerances for Spun, 
Twisted, or Braided Products Made from 
Flax, Hemp, Ramie, or Mixtures Thereof 
(D 739 — 52) 


Methods of Testing Single Kraft Yarn (D 1057- _ 


51) 

Methods of Testing Twine Made from Bast and 
Leaf Fibers (D 1233 — 52) 

Test for Fineness of Cotton Fibers by Micronaire 
(D 1448 - 56) 

Test for Water Resistance of Textile Fabrics 
(D 583 — 54) 


Standards Withdrawn: 


Method of Testing Woven Asbestos Cloth 
(D 577 - 52) 


Specs. for Woven Asbestos Cloth (D 677-50) _ 


Test for Colorfastness to Commercial Launder- 
ing and to Domestic Washing of Cotton and 
Linen Textiles (D 435 — 42) 


Silk, Rayon, or Acetate Fabrics to Launder- 
ing or Domestic Washing (D 436 — 37) 

Test for Colorfastness to Light of Textiles 
(D 506 — 55) 

Test for Resistance of Textile Fabrics and Yarns 
to Insect Pests (D 582 — 54) 

Test for Evaluating Compounds Designed to 
Increase Resistance of Fabrics and Yarns to 
Insect Pests (D 627 - 54) 

Test for Colorfastness of Dyed Acetate to At- 
mospheric Fumes (D 682 — 52) 

Test for Resistance of Textile Materials to 
Microorganisms (D 684 — 57) 


Accepted for Publication as Information Only: 


Test for Dimensional Change of Knitted Fabrics 
in Laundering and Dimensional Restorability 
of the Laundered Fabric. 


Papers: 


| 


Data Under Difficulties—E. R. Schwarz, pre-_ 


sented by the author. 
Difficulties with Data—Kenneth Fox and R. D. 


_ Wells, presented by Mr. Wells. 


| 
— | 


SUMMARY OF PROCEEDINGS 


FIFTEENTH SESSION—ROAD AND PAVING MATERIALS 


Turspay, JUNE 


@ 
24, 2:30 PM. Dares? 


SEssION CHAIRMAN: VICE-PRESIDENT K. B. Woops 


Objective Appraisal of Stripping of Asphalt 
from Aggregate—A. B. Brown, J. W. Sparks, 
and G. E. Marsh, presented by Mr. Brown.!! 

Field Experience and Laboratory Study of 
Slow-Setting Paving Grade Asphalt in Airfield 
Pavement Construction—D. D. Fenton, 
presented by R. A. Chisholm. 

A Laboratory Method for Determining the 
Skidding Resistance of Bituminous Paving 


ug Published in AST'M STP No. 240. 


Mixtures—J. W. Shupe and W. H. Goetz, 
presented by Mr. Shupe. 

Effect of Ultraviolet Light on Thin Films of 
Paving-Grade Asphalts—R. F. Sparlin and 
Ken R. White, presented by N. W. McLeod. 

Suitability of Lightweight Aggregate to the 
Manufacture of Bituminous Plant Mix—J. C. 
Wycoff, presented by the author." 


Published in the ASTM Buttetin, No. 235, 
Jan., 1959, p. 33 (TP 3). 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by Marc Darrin, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Weight of Coating on Aluminum-Coated 
Iron or Steel Articles (A 428 - 58 T) pees 


Accepted as Tentative, Revisions in: : 


Spec. for Zinc-Coated (Galvanized) Iron or 
Steel Sheets, Coils and Cut Lengths (A 93 - 
55 T) 

Spec. for Long Terne Iron or Steel Sheets, Coils 
and Cut Lengths (A 308 — 53 T) 

Spec. for 1.25-oz Class Coating (Pot Yield) 
Zinc-Coated (Galvanized) Iron or Steel 
Roofing Sheets (A 361 — 55 T) 


Adopted as Standard: 


Spec. for Zinc-Coated Steel Wire Strand “Gal- 
vanized” and Class A (“Extra Galvanized”’) 
(A 122 - 

Spec. for Zinc-Coated Stee! Wire Strand (Class 
B and Class C Coatings) (A 218 — 54 T) 

Spec. for Wire Strand, Overhead Ground, Zinc- 
Coated Steel (A 363 - 55 T) 


TUESDAY, JUNE 24, 4:15 


SESSION CHAIRMAN: L. L. WyMAN 


Spec. for Poultry Netting (Hexagonal and 
Straight Line) and Woven Poultry Fencing, 
Zinc-Coated (Galvanized) Steel (A 390 — 56 T) 

Spec. for Tie Wires, Zinc-Coated (Galvanized) 
Steel (A 112 - 55 T) 


Adopted as Standard, Revisions in: 


Test for Local Thickness of Electrodeposited 
Coatings (A 219 - 54) (Jointly with Commit- 
tee B-8) 


Committee A-6 on Magnetic Properties: 


Report presented by A. C. Beiler, chairman, 
and the following actions taken: 


Adopted as Standard: 


Test for Alternating-Current Magnetic Proper- 
ties of Laminated Core Specimens (A 346 — 58) 
(This recommendation was inadvertently indi- 
cated in the preprinted report for publication 
as tentative.) 


Adopted as Standard, Revisions in: 

Test for Alternating-Current Core Loss, and 
Permeability of Magnetic Materials (A 343 - 
54). This revision was not published since the 

committee for nd it necessary to make a further 

complete revision of the specification, which will 
be submitted to the Society within the year. 
eri 
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Committee A-7 ‘on Malleable Iron Castings: 


Report presented by L. C. Marshall, vice- 
chairman, and accepted as a report of progress. 
The committee withdrew from the report as 
preprinted the recommendation for the adoption 
as standard of Tentative Specification for 
Pearlitic Malleable Iron Castings (A 220 - 55 T). 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys: 


Report presented by Jerome Strauss, chair- 
man, and the following actions taken: 
Accepled as Tentative: 
Specs. for Hot-Rolled and Cold-Finished Cor- 
rosion-Resisting | Chromium-Nickel-Manga- 
nese Steel Bars (A 429 - 58 T) 


Accepted as Tentative, Revisions in: 


Spec. for Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Plate, Sheet, and 
Strip for Fusion-Welded Unfired Pressure 
Vessels (A 240 - 57 T) 


Adopted as Standard, Revisions in: 


Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Plate, Sheet, and Strip (A 167 — 54) 

Spec. for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177 - 54) 

Spec. for Corrosion-Resisting Steel Billets and 
Bars for Reforging (A 314 - 55) 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented by W. Babington, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Die Castings 
(B 85 - 57 T) 


Adopted as Standard, Revisions in: 


Spec. for Magnesium-Base Alloy Die Castings 
(B 94 — 57) 


Committee C-4 on Clay Pipe: 


Report presented by D. G. Miller, vice- 
chairman, and accepted as a report of progress. 


Committee C-7 on Lime: 


Report presented by J. A. Murray, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Specs. for Quicklime and Hydrated Lime for 
Sand-Lime Products (C 415 58 T) we 


Adopted as Standard, Revisions in: 


Methods of Physical Testing of Quicklime and 
Hydrated Lime (C 110-57) 

Methods of Chemical Analysis of Limestone, 
Quicklime, and Hydrated Lime (C 25-47) 


Committee D-22 on Methods of Atmos pheric 
Sampling and Analysis: 


Report presented in the absence of the chair- 
man by Morris Katz, vice-chairman, and the 
following actions taken: 


Accepted as Tentative: 


Test for Nitrogen Dioxide and Nitric Oxide 
Content of the Atmosphere (Modified Griess- 
Tlosvay Reaction) (D 1607 - 58 T), revised to 
include a procedure for determining nitric 
oxide. 

Test for Oxides of Nitrogen in Gaseous Com- 
bustion Products (Phenol-Disulfonic Acid 
Procedure) (D 1608 — 58 T) 

Rec. Practice for Sampling Atmospheres for 
Analysis of Gases and Vapors (D 1605 —- 58 T) 

Test for Inorganic Fluoride in the Atmosphere 
(D 1606 - 58 T) 

Test for Oxidant Content of the Atmosphere 
(D 1609-58 T), revised editorially. 


Accepted as Tentative, Revisions in: 


Method for Continuous Analysis and Auto- 
matic Recording of Sulfur Dioxide Content of 
the Atmosphere (D 1355 - 55 T) 

Def. of Terms Relating to Atmospheric Sam- 
pling and Analysis (D 1356-55 T) 


Committee E-6 on Methods of Testing 

Building Constructions: 

Report presented by R. F. Legget, chairman, 
and accepted as a report of progress. 
Committee F-1 on Materials for Electron 

Tubes and Semiconductor Devices: 


Report presented in the absence of the chair- 
man by C. L. Guettel, and the following actions 
taken: 

Accepted as Tentative: 
Spec. for Aluminum Oxide Powder (F 7 - 58 T) 


? 
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SEVENTEENTH SFSSION—GILLETT MEMORIAL LECTURE 


Seventh Gillett Memorial Lecture: 


President Kropf opened the session 
by giving a brief statement of the pur- 
pose of the lecture. This lecture is spon- 
sored jointly by the ASTM and the 
Battelle Memorial Inst. to perpetuate 
the memory of Horace W. Gillett, one 
of America’s leading technologists, the 
first Director of the Institute, and for 
many years a very active worker in the 
Society, through the presentation of a 
lecture on a subject pertaining to the 
development, testing, evaluation, and 
application of metals. 

President Kropf called upon B. D. 
Thomas, President of Battelle Memorial 
Inst., who introduced Clyde Williams, 
President of Clyde Williams and Co., 
formerly President of Battelle Memorial 
Inst. Mr. Williams presented the Seventh 
H: W. Gillett Memorial Lecture on the 
subject “High-Temperature Metals— 
Their Role in the Technological Future.” 
The lecturer discussed the needs for 
materials for high-speed aircraft and 


13 To be issued as a separate publication. 


TUESDAY, JUNE 24, 5:00 p.m. 


SEssION CHAIRMAN: PresipeNt R. T. KRopr 


missiles. Temperature problems in air- 
craft result from aerodynamic heating 
and from the nature of propulsion sys- 
tems. Each level of speed, each type of 
engine, each fuel imposes special, and 
usually rigorous, materials problems. 
Progress is being made in the develop- 
ment of suitable temperature-resistant 
materials for airframes and skins, and in 
the development of truly “high-tempera- 
ture” alloys and cermets for engine com- 
ponents. Cobalt, columbium, chromium, 
molybdenum, nickel, and tungsten ap- 
pear to be the metals most likely to serve 
as the “‘workhorses” in the high-tempera- 
ture age of flight and industrial process- 
ing. The demand for some of these metals 
could readily double or triple by 1965. 
Evidence exists that there are sufficient 
supplies of the ores of all these metals 
readily available to the United States to 
supply these increased amounts. 

President Kropf expressed apprecia- 
tion to Mr. Williams for his outstanding 
lecture and presented to him on behalf 
of the Society the H. W. Gillett Memorial 
Lecture Certificate. 


EIGHTEENTH SESSION— 


TuEspDAY, JUNE 24, 8:00 


SESSION CHAIRMAN: PAUL BRISTER 


Effect of Strain-Rate and Temperature on the 
Strength of Magnesium Alloys—R. W. Fenn, 
Jr. and J. A. Gusack, presented by Mr. Fenn. 

Aging Characteristics of Nickel-Chromium Al- 
loys Containing Appreciable Amounts of 
Titanium and Aluminum—N. J. Grant and 
N. E. Rogen, presented by Mr. Rogen. 

High-Temperature Properties of Nickel-Al,O; 
Alloys—W. S. Cremens and N. J. Grant, 
presented by Mr. Grant. 

A Machine for the Evaluation of High-Tempera- 
ture Alloys Under Combined Static and 


Dynamic Stresses—P. E. Hawkes and C. H. 
Ek, presented by Mr. Ek." 

Properties of Cast Iron at Elevated Tempera- 
tures (Project SP-2 Sponsored by Joint 
Committee on Effect of Temperature on the 
Properties of Metals)—J. R. Kattus and 
Bryan McPherson, presented by Mr. Kattus."® 


M4 Published in the ASTM Buttettin, No. 235, 
Jan., 1959, p. 46 (TP 16). 

8 Tssued as separate publication ASTM STP 
No. 248. 


(Continued in Twenty- -Second Session) 


SIXTY-FIRST ANNUAL MEETING 
NINETEENTH SESSION—SYMPOSIUM ON EFFECT OF WATER ON 


BITUMINOUS PAVING MIXTURES" 
TUESDAY, JUNE 24, 8:00 P.M. 


Session CHAIRMAN: C. E. PrRoupLEY 


Field Observations of the Behavior of Bitumi- Laboratory and Field Tests on Asphalt Paving 


nous Pavements as Influenced by Moisture— Mixtures—E. W. Klinger and J. C. Roediger, 
W. K. Parr, presented by the author. presented by Mr. Roediger. 

Relationship of Aggregate Characteristics to the Laboratory Study of Anti-Stripping Additives 
Effect of Water on Bituminous Paving Mix- for Bituminous Materials—P. F. Critz, pre- 
tures—J. M. Rice, presented by the author. sented by W. J. Halstead. 

_ Methods of Testing for Water Resistance of 
'® To be issued as separate publication ASTM Bituminous Paving Mixtures—W. H. Goetz, 

STP No. 240. presented by the author. 


TuEspay, JuNE 24, 8:00 p.m. 


Session Co-CHAIRMEN: R. E. PETERSON 
W. T. LANKFORD 


The Response of High Strength Steels in the Kies, and H. L. Smith, presented by Mr. 
Range of 180,000 to 300,000 psi to Hydrogen Irwin. 


Embrittlement from Cadmium Electroplating Size Effects in Slow Notch Bend Tests of a Ni- } 
—E. P. Klier, B. B. Muvdi, and George Mo-V Steel—J. D. Lubahn and S. Yukawa, 
Sachs, presented by Mr. Klier. presented by Mr. Yukawa. 

A Fundamental Charpy Impact Transition Correlation of Tests Using the Congruency 
Temperature—C. E. Hartbower and G. M. Principle—J. D. Lubahn, presented by the 
Orner, presented by Mr. Hartbower. author. 

Fracture Strengths Relative to Onset and Arrest Film: Vulnerability of a Modern Fighter Wing 
of Crack Propagation—G. R. Irwin, J. A. to Fragmentation—Aeronautics Structures 


Laboratory, Naval Air Materials Center. 


> 


TWENTY-FIRST SESSION—SYMPOSIUM ON MATERIALS RESEARCH FRONTIERS" 


WEDNESDAY, JUNE 25, 9:30 A.M. 


= Session Co-CHAIRMEN: PRESIDENT R. T. KRropr 
W. J. 
so, 


Tailoring the Properties of Materialsk—E. P. Molecular Engineering—Arthur von Hippel, 
Stevenson, presented by the author. presented by the author. 
Instruments in Materials Research—B. H. 
Billings, presented by the author. 
7 To be issued as separate publication ASTM Materials in the Nuclear Age—J. J. Antal, 
248. presented by the author. 


(Continued in Twenty-Fourth Session) 
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SUMMARY OF PROCEEDINGS 


TWENTY-SECOND SESSION—HIGH TEMPERATURE 
(Continued from the Eighteenth Session) 


WEDNESDAY, JUNE 25, 9:30 a.m. 


SESSION CHAIRMAN: H. C. Cross 


Papers: 


Temperature and Time Stability of M257 and 
SAP Aluminum-Aluminum Oxide Alloys— 
W. S. Cremens, E. A. Bryan, and N. J. Grant, 
presented by Mr. O. Preston. 

The Effect of Atmosphere on Creep-Rupture 
Properties of a Nickel-Chromium-Aluminum 
Alloy—Paul Shahinian and M. R. Achter, 
presented by Mr. Shahinian. 

The Creep Properties of Three Low-Shrinkage, 
Copper-Base Casting Alloys (Sponsored by 
Joint Committee on Effect of Temperature 
on the Properties of Metals) —W. F. Simmons 
and J. G. Kura, presented by Mr. Simmons. 

Mechanical and Physical Properties of Three 
Low-Shrinkage, Copper-Base Casting Alloys 
(Sponsored by Joint Committee on Effect of 
Temperature on the Properties of Metals)— 
J. G. Kura and R. M. Lang, presented by Mr. 
Kura. 

Prediction of Long-Time Creep with Ten-Year 
Creep Data on Four Plastic Laminates—W. 
N. Findley and D. B. Peterson, presented by 
.Mr. Findley. 


Joint Committee on Effect of Temperature 
on the Properties of Metals: 


Report presented by H. C. Cross, secretary, 
and the following actions taken: 


Accepted as Tentative: 


Rec. Practice for Conducting Creep and Time- 
For-Rupture Tension Tests of Materials 
(E 139 - 58 T) 

Accepted as Tentative, Revisions in: 


Rec. Practice for Short-Time Elevated-Tempera- 
ture Tension Tests of Metallic Materials 
(E 21-43) (Standard reverted to tentative) 


Standard Withdrawn: 


Rec. Practice for Conducting Long-Time High- 
Temperature Tension Tests of Metallic Ma- 
terials (E 22 - 41) 

Tentative Withdrawn: 


Rec. Practice for Conducting Time-for-Rupture 
Tension Tests of Metallic Materials (E 85 — 
50 T) 


=\ 


SymposiuM ON STABILITY OF DISTILLATE FUEL O1Ls® 


WEDNESDAY, JUNE 25 


4 Sponsored by Technical Committee E on Burner Fuel Oils of 
Committee D-2 on Petroleum Products and Lubricants 


SESSION CHAIRMAN: W. DE B. BERTOLETTE 


This symposium was arranged in order to review the 
present situation with regard to the stability of home heat- 
ing fuel oil and its effect on performance. This review pro- 
vided background information for a decision by ASTM 
Technical Committee E as to whether this is a potential 
category for activity by a subcommittee. The following 
papers were presented: 


Burning Today’s Fuel Oils—G. T. Kaufman. 

Trials and Tribulations of a Large Development 
Oil Heating—N. M. Edmands. 

Predictive Type Test for Storage Stability and 


18 To be issued as separate publication ASTM 


STP No. 244. ; 
= 


Compatibility of Diesel Fuels—R. T. pe 
and J. W. MacDonald. 

Requirements for Dependable Performance of 
Domestic Oil Burner Nozzles—E. O. Olson. 

Do We Need a Stability Specification for No. 2 
Heating Oil?—Robert Gray. 

A Review of the Distillate Fuel Stability Prob- 
lem.—E. A. Elmquist. 

How Distillate Fuel Stability is Measured and 
Controlled—W. L. Clinkenbeard. 

Distillate Fuel Incompatibility—C. C. Ward and 
F. G. Schwartz. 

Distillate Fuel Oil Gel—F. R. Dunn, Jr. and 

R. W. Sauer. 
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TWENTY-THIRD SESSION—COMMITTEE REPORT SESSION 
WEDNESDAY, JUNE 25, 11:15 a.m. 


Committee B-1 on Wires for Electrical 
Conductors: 


Report presented in the absence of the chair- 
man by C. E. Topping, and the he following actions 
taken: 


Accepted as Tentative: 


Spec. for Half-Hard Aluminum Wire for Electri- 
cal Purposes (B 323 — 58 T) 

Spec. for Rectangular and Square Bare Alumi- 
num Wire for Electrical Conductors (B 324 - 
58 T) 


Accepted as Tentative, Revisions in: 


Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Steel Reinforced (ACSR) 
(B 232 - 57 T) 


Adopted as Standard: 


Spec. for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33 — 56 T) 

Spec. for Lead-Coated and Lead-Alloy-Coated 
Soft Copper Wire for Electrical Purposes 
(B 89-56T) 

Spec. for Hard-Drawn Aluminum Wire for 
Electrical Purposes (B 230 - 55 T) 

Spec. for Tinned Hard-Drawn and Medium- 
Hard-Drawn Copper Wire for Electrical Pur- 
poses (B 246 — 56 T) 

Method for Determination of Cross-Sectional 
Area of Stranded Conductors (B 263 - 56 T) 


Adopted as Standard, Revisions in: 


Spec. for Soft Rectangular and Square Bare 
Copper Wire for Electrical Conductors 
(B 48 -57) 

Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Bunch-Stranded Members, for 
Electrical Conductors (B 172 — 55) 

Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Concentric-Stranded Members, 
for Electrical Conductors (B 173 — 55) 

Spec. for Bunch-Stranded Copper Conductors 
for Electrical Conductors (B 174 — 55) 

Test for Resistivity of Electrical Conductor 
Materials (B 193 — 57) 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Hard Drawn and Three-Quarter 


Hard-Drawn (B 231 — 57) aD 


Stxty-FIRSTtT ANNUAL MEETING 


SESSION CHAIRMAN: G. R. GOHN 


Spec. for Standard Weight Zinc-Coated (Gal- 
vanized) Steel Core Wire for Aluminum Con- 
ductors, Steel Reinforced (ACSR) (B 245 - 
55) 

Spec. for Zinc-Coated (Galvanized) Steel Core 
Wire (With Coatings Heavier than Standard 
Weight) for Aluminum Conductors, Steel 
Reinforced (ACSR) (B 261 — 55) 

Classification of Coppers (B 224-52) (Jointly 
with Committees B-2 and B-5) 


Committee B-5 on Copper and Copper Al- 
loys, Cast and Wrought: 


Report presented by G. H. Harnden, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Plate, Sheet, Strip, 
and Rolled Bar (B 248 - 55 T) 

Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Rod, Bar, and 
Shapes (B 249 - 55 T) 

Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Wire (B 250 — 55 T) 

Spec. for General Requirements for Wrought 
Seamless Copper and Copper-Alloy Pipe and 
Tube (B 251 - 55 T) 

Spec. for Seamless Tube for Refrigeration Field 
Service (B 280 - 55 T) 

Spec. for Copper-Zinc-Manganese Alloy (Man- 
ganese Brass) Sheet and Strip (B 291 - 55 T) 

Spec. for Tellurium Copper Rod (B 301 - 55 T) 

Spec. for Copper-Silicon Alloy Seamless Pipe 
and Tube (B 315 - 57 T) 


Adopted as Standard, Revisions in: 


Spec. for Copper Plates for Locomotive Fire- 
boxes (B 11 - 55) 

Spec. for Copper Rods for Locomotive Staybolts 
(B 12 - 55) 

Spec. for Seamless Copper Boiler Tubes (B 13 - 
55) 

Spec. for Free-Cutting Brass Rod, Bar, and 
Shapes for Use in Screw Machines (B 16 — 52) 

Spec. for Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B 19 — 55) 

Spec. for Naval Brass Rod, Bar, and Shapes 
(B 21 — 54) 

Spec. for Seamless Copper Pipe, Standard Sizes 


(B 42 - 
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Spec. for Seamless Red Brass Pipe, Standard 
Sizes (B 43 - 55) 

Spec. for Seamless Copper Tube, Bright An- 
nealed (B 68 — 55) 

Spec. for Seamless Copper Tube (B 75 — 57)'9 

Spec. for Seamless Copper Water Tube (B 88 - 

Spec. for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96-55) 

Spec. for Copper-Silicon Alloy Rod, Bar, and 
Shapes (B 98 — 55) 

Spec. for Rolled Copper-Alloy Bearing and 
Expansion Plates and Sheets for Bridge and 
Other Structural Uses (B 100 — 55) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
57) 

Spec. for Commercial Bronze Strip (B 130-55) 

Spec. for, Seamless Brass Tube (B 135 — 55)" 

Spec. for Manganese Bronze Rod, Bar, and 
Shapes (B 138 — 54) 

Spec. for Phosphor Bronze Rod, Bar, and Shapes 
(B 139 — 52) 

Spec. for Leaded Red Brass (Hardware Bronze) 
Rod, Bar, and Shapes (B 140 — 54) 

Spec. for Aluminum Bronze Rod, Bar, and 
Shapes (B 150 — 54) 

Spec. for Copper-Nickel-Zinc Alloy 
Silver) Rod and Bar (B 151 — 55) 
Spec. for Copper Sheet, Strip, Plate, and Rolled 

Bar (B 152-55) 

Test for Expansion (Pin Test) of Copper and 
Copper-Alloy Tubing (B 153 — 55) 

Method of Mercurous Nitrate Test for Copper 
and Copper Alloys (B 154 — 51) 

Spec. for Phosphor Bronze Wire (B 159 — 54) 

Spec. for Copper-Alloy Condenser Tube Plates 
(B 171-55) 

Spec. for Copper Bus Bar, Rod, and Shapes 
(B 187 — 55) 

Spec. for Seamless Copper Bus Pipe and Tube 
(B 188 — 56)" 

Spec. for Silicon Bronze and Silicon Brass Sand 
Castings (B 198 — 52) 

Rec. Practice for Tension Test Specimens for 
Copper-Base Alloys for Sand , Castings 
(B 208 — 54) 

Classification of Coppers (B 224-52) (Jointly 
with Committees B-1 and B-2) 


(Nickel 


1” Through an oversight, the revisions of these 
specifications as printed in the Annual Report 
of Committee B-5 were incomplete, since no pro- 
vision was made for the procedure in case of dis- 
agreement on the Rockwell hardness values. A 
sentence has been added to the appropriate 
section in each specification giving the procedure 
to be followed. 


PROCEEDINGS 


Spec. for Threadless Copper Pipe (B 302 — 57)'® 

Spec. for Copper Drainage Tube (DWV) 
(B 306 — 57)" 

Spec. for Copper Rod, Bar, and Shapes (B 133 - 
57) (The recommendation for revision of this 
specification was inadvertently listed in the 
preprinted report under the heading “Revision 
of Tentative.’’) 


Committee B-8 on Electrodeposited Me- 
tallic Coatings: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


Accepted as Tentative: 


Rec. Practice for Cleaning Metals Prior to 
Electroplating (B 322-58 T), with editorial 
revisions. 


Accepted as Tentative, Revisions in: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166-55 T) 


Adopted as Standard: 


Rec. Practice for Preparation of Copper and 
Copper-Base Alloys for Electroplating 
(B 281 - 53 T) 


Adopled as Standard, Revisions in: 


Spec. for Electrodeposited Coatings on Copper 
and Copper-Base Alloys (B 141 — 55) 

Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Zinc and Zinc-Base Alloys 
(B 142 — 55) 

Test for Local Thickness of Electrodeposited 
Coatings (A 219 — 54) (Jointly with Commit- 
tee A-5) 


Committee B-9 on Metal Powders and Metal 
Powder Products: 


Report presented in the absence of the chair- 
man by C. G. Johnson, secretary, and the fol- 
lowing actions taken: 


Accepled as Tentative: 


Test for Density and Interconnected Porosity 
of Sintered Powder Metal Structural Parts 
and Oil Impregnated Bearings (B 328 — 58 T) 

Test for Average Particle Size of Refractory 
Metals and Compounds by Fisher Subsieve 
Sizer (B 330 —- 58 T) 

Test for Apparent Density of Refractory Metals 
and Compounds by the Scott Volumeter 
(B 329 —- 58 T) 

Test for Determination of the Compressibility 
of Metal Powders (B 331 — 58 T) 


Accepted as Tentative, Revisions in: 


Spec. for Metal Powder Sintered Bearings (Oil 
Impregnated) (B 202 - 55 T) 

Spec. for Sintered Metal Powder Structural 
Parts from Bronze (B 255-54 T) 

Spec. for Sintered Metal Powder Structural 
Parts from Brass (B 282 — 53 T) 

Spec. for Copper-Infiltrated Iron Parts (B 303 - 

55 T) 

Spec. for High Density Iron, Sintered Metal 
Powder Structural Parts (B 309 - 56 T) 

Spec. for Low and Medium Density Iron, Sin- 
tered Metal Powder Structural Parts (B 310 — 
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Test for Green Strength of Compacted Metal 
Powder Specimens (B 312 - 56 T) 


Adopted as Standard: 
Test for Density of Cemented Carbides (B 311 - 
56 T) 
> é 
ts 


Spec. for Sintered Metal Powder Structural 
Parts (B 222 - 52) 
Def. of Terms Used in Powder Metallurgy 


Adopted as Standard, Revisions in: 


The luncheon was sponsored by Com- 
mittees B-2 on Non-Ferrous Metals and 
Alloys and B-5 on Copper and Copper 
Alloys, Cast and Wrought. 

The guest speaker was R. A. Wilkins, 


56 T) (B 243 — 55) 
CoprER AND Brass INDUSTRY LUNCHEON 
WEDNESDAY, JUNE 25, 12:00 Noon % 


TOASTMASTER: GEORGE H. HARNDEN 


and 
Brass, Inc., whose subject was “New 
England Pioneering in Metals and in 
Methods.” 


Vice-President, Revere Copper 


The luncheon was sponsored by Com- 
mittees C-1 on Cement, C-9 on Concrete 
and Concrete Aggregates, D-4 on Road 
and Paving Materials, and D-18 on Soils 
for Engineering Purposes. 

The guest speaker was John A. Volpe, 
President, J. A. Volpe Construction Co., 
formerly Federal Highway Administra- 
tor, whose subject was “Invention, 
Research, and Science in the Highway 
Program.” 


C. A. Hogentogler Award: 


The Third C. A. Hogentogler Award 
was made to Donald M. Burmister, 


20 Published in the ASTM Buttetin, No. 234, 
Dec., 1958, p. 7. 


Roap MATERIALS INDUSTRY LUNCHEON AND AWARDS 
WEDNESDAY, JUNE 25, 12:00 Noon 


TOASTMASTER: MILES N. 


Professor of Civil Engineering, Columbia 
University, New York City, for his paper 
on “Applications of Environmental 
Testing of Soils,” published in the 1956 


Proceedings. 


Sanford E. Thompson Award: aa’ 


The Fourteenth Sanford E. Thompson 
Award was made to Tien S. Chang, 
Instructor, and Clyde E. Kesler, Asso- 
ciate Professor, Theoretical and Applied 
Mechanics, University of Illinois, Ur- 
bana, IIl., for their paper on “Correlation 
of Sonic Properties of Concrete with 
Creep and Relaxation,” published in the 
1956 Proceedings. 
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TWENTY-FOURTH SESSION—SYMPOSIUM ON MATERIALS RESEARCH FRONTIERS” 


(Symposium Continued from the Twenty-first Session) 


WEDNESDAY, JUNE 25, 2:00 p.m. 


tel 


Session Co-CHAIRMEN: VICE-PRESIDENT K. B. Woops 
A. G. H. Dretz 


Recent Advances in Polymer Research— 
Herman Mark, presented by the author. 
Modern Liquid Fuels—A. L. Lyman, presented 


New Advances in Physical Metallurgy—W. R. 
Hibbard, presented by the author. 
Recent Developments in Glass Research—W. W. 


Evaluation of a Single Shear Specimen for Sheet 
Material—W. W. Breindel, C. L. Seale, and 
R. L. Carlson, presented by Mr. Breindel. 

A High Damping Magnesium Alloy for Missile 
Applications—G. F. Weissmann and W. 
Babington, presented by Mr. Babington. 

A Study of the Variability in the Mechanical 
Properties of Grade A Phosphor Bronze Strip 
—M. N. Torrey, G. R. Gohn, and M. B. 
Wilk, presented by Miss Torrey. oe 


by the author, Shaver, presented by the author. 


TWENTY-FIFTH-SESSION—NON-FERROUS METALS 
WEDNESDAY, JUNE 25, 2:00 P.M. 


Session Co-CHAIRMEN: I. V. WILLIAMS 


DANIEL CUSHING 


Isochronous Stress-Strain Curves for Some 
Magnesium Alloys Showing the Effects of 
Varying Exposure Times on Their Creep 
Resistance—R. B. Clapper, presented by the 
author. 

Young’s Modulus of Magnesium Alloys as a 
Function of Temperature and Metallurgical 
Variables—R. W. Fenn, Jr., presented by the 
author. 


= 
TWENTY-SIXTH SESSION—COMMITTE T SESSION -* 
- E REPORT SESSIO 
WEDNESDAY, JUNE 25, 4:00 p.m. 


SESSION CHAIRMAN: G. H. HARNDEN 


Committee A-1 on Steel: 


Report presented in the absence of, the chair- 
man by J. W. Caum, and the following actions 
taken: 


Accepted as Tentative: 


Specs. for Uncoated Stress-Relieved Wire for 
Prestressed Concrete (A 421 - 58 T) 

Spec. for Wrought Alloy Steel Rolls for Cold 
and Hot Reduction (A 427 - 58 T) 

Specs. for Butt Welds in Still Tubes for Refinery 
Service (A 422 - 58 T) 

Specs. for Seamless and Electric Welded Low 


Alloy Steel Tubes for Economizers (A 423 - 
58 T) 

Specs. for Steel Sheets for Porcelain Enameling 
(A 424 - 58 T) 

Specs. for Hot-Rolled Carbon Steel Strip, Com- 
mercial Quality (A 425 - 58 T) 

Specs. for Centrifugally Cast Ferritic Alloy Steel 
Pipe for High-Temperature Service (A 426 - 
58 T) 

Specs. for Factory-Made Wrought Carbon Steel 
and Alloy Steel Welding Fittings of Seamless 
or Welded Construction for Low Temperature 
Service (A 420 - 58 T) 
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Accepted as Tentative, Revisions in: Heat-Exchanger and Condenser Tubes 
(A 214 - 56 T) 

Spec. for Steel Bridges and Buildings (A7- Spec. for Electric-Resistance-Welded Steel 

57 T) Boiler and Superheater Tubes for High-Pres- 


Spec. for General Requirements for Hot Rolled sure Service (A 226 — 57 T) 
and Cold Finished Carbon and Alloy Steel Spec. for Factory-Made Wrought Carbon Steel 


Bars (A 29 - 57 T) and Ferritic Alloy Steel Welding Fittings 
Spec. for Welded and Seamless Steel Pipe (A 234 - 57 T) 
(A 53 - 58 T) Spec. for Welded Austenitic Stainless Steel 
Spec. for Low-Carbon Steel Track Bolts and Boiler, Superheater, Heat Exchanger, and 
Nuts (A 76-56 T) Condenser Tubes (A 249 - 57 T) 
Spec. for Seamless Steel Boiler Tubes (A83- Spec. for Electric-Resistance-Welded Carbon- 
56 T) Molybdenum Alloy-Steel Boiler and Super- 


Spec. for Forged or Rolled Steel Pipe Flanges, heater Tubes (A 250-55 T) 
Forged Fittings, and Valves and Parts for Spec. for Hot-Rolled Carbon-Steel Strip of 


High-Temperature Service (A 105-57 T) Structural Quality (A 303 - 52 T) 

Spec. for Hot-Rolled Carbon Steel Bars (A 107- — Spec. for Steel Machine Bolts and Nuts and Tap 
57 T) Bolts (A 307 — 55 T) 

Spec. for Cold-Finished Carbon-Steel Bars and Spec. for Seamless and Welded Austenitic 
Shafting (A 108 —- 57 T) Stainless Steel Pipe (A 312 - 57 T) 

Spec. for Cold-Rolled Carbon Steel Strip Spec. for Alloy-Steel Bolting Materials for Low- 
(A 109 - 49 T) Temperature Service (A 320-57 T) 

Spec. for Electric-Resistance-Welded Steel Pipe Spec. for Quenched and Tempered Steel Bolts 
(A 135 - 57 T) and Studs with Suitable Nuts and Plain 


Spec. for Seamless Low-Carbon and Carbon- Hardened Washers (A 325 - 55 T) 
Molybdenum Steel Still Tubes for Refinery Spec. for Seamless and Welded Steel Tubes for 
Service (A 161 - 55 T) Low-Temperature Service (A 334 - 55 T) 

Spec. for Electric-Resistance-Welded Steel and Spec. for Ferritic Steel Castings for Pressure 
Open-Hearth Iron Boiler Tubes (A 178 — 56 T) Containing Parts Suitable for Low-Tempera- 

Spec. for Seamless Cold-Drawn Low Carbon ture Service (A 352 — 57 T) 

Steel Heat Exchanger and Condenser Tubes Spec. for Quenched and Tempered Alloy Steel 
(A 179 - 56 T) Bolts and Studs with Suitable Nuts (A 354 - 

Spec. for Forged or Rolled Steel Pipe Flanges, 55 T) 

Forged Fittings, and Valves and Parts for Spec. for Heavy-Walled Carbon and Low Alloy 


General Service (A 181 - 57 T) Steel Castings for Steam Turbines (A 356- 
Spec. for Seamless Steel Boiler Tubes for High- 57 T) 
Pressure Service (A 192 — 57 T) Spec. for Structural Steel for Welding (A 373 - 


Spec. for Alloy-Steel Bolting Materials for 56 T) 

High-Temperature Service (A 193 - 57 T) Spec. for Factory-Made Wrought Austenitic 
Spec. for Carbon and Alloy Steel Nuts for Bolts Steel Welding Fittings (A 403~56T) 

for High-Pressure and High-Temperature Spec. for Welded Large Outside Diameter Light- 


Service (A 194 - 57 T) Wall Austenitic Chromium-Nickel Alloy Steel 
Spec. for Seamless Cold-Drawn Intermediate or High-Temperature 
Alloy-Steel Heat-Exchanger and Condenser exvice (/ ~ ) 


Tubes (A 199 - 56 T) Spec. for Carbon Steel Valve Spring Quality 


Spec. for Seamless Intermediate Alloy-Steel Wire (A 230 - 47) ' ‘ 
Still Tubes for Refinery Service (A 200 — 55 T) Spec. for Open-Hearth Carbon-Stee Rai s 

All (A 1-56) (Standard reverted to tentative) 
Po fl Spec. for Alloy Steel Forgings for Railway Use 
resend ouler and Superheater Tubes (/ 7 (A 238-55) (Standard reverted to tentative) 
Spec. for Medium Carbon Seamless Steel Boiler 
; and Superheater Tubes (A 210 - 55 T) ‘ (In the preprinted Report of Committee A-1, 
Spec. for Seamless Alloy Steel Boiler, Super- the revisions of these methods were indicated 


heater, and Heat Exchanger Tubes (A 213 - as being for immediate adoption. This was an 
57 T) inadvertence since the methods are being 
Spec. for Electric-Resistance-Welded Steel reverted to tentative.) 
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Spec. for 5 per cent Chromium, 0.5 per cent 
Molybdenum Steel Plates for Boilers and 
Other Pressure Vessels (A 357 — 56 T) 

Spec. for Carbon and Alloy Steel Forgings for 
Pressure Vessel Shells (A 372 - 55 T) 

Spec. for Chromium-Silicon Steel Spring Wire 
(A 401 — 56 T) 
Rec. Practice for Selection of Steel Bar Compo- 
sitions According to Section (A 400 — 56 T) 
Spec. for Welded and Seamless Open-Hearth 
Iron Pipe (A 253 — 55 T) 

Spec. for Copper Brazed Steel Tubing (A 254 - 
55 T) 

Spec. for Metal-Arc Welded Steel Pipe for High- 
Pressure Transmission Service (A 381 - 54 T) 


Adopted as Standard: 


Spec. for High Tensile Strength Carbon-Man- 
ganese Steel Plates for Unfired Pressure Ves- 
sels (A 397 — 56 T) 

Spec. for Chromium-Silicon Steel Spring Wire 
(A 402 - 56 T) 


Committee B-2 on Non-Ferrous Metals 
and Alloys: 


Report presented by Bruce W. Gonser, chair- 
man, and the following actions taken: 


Accepted as Tentative: 
Spec. for Refined Secondary Lead (B 325 — 58 T) 


Accepled as Tentative, Revisions in: 


Spec. for Alloy Steel Chain (A 391 — 56 T) Spec. for Titanium and Titanium Alloy Strip, 


Adopted as Standard, Revisions in: _— 

Spec. for Mild-Medium-Strength Carbon-Steel 
Castings for General Application (A 27 — 57) 

Spec. for Structural Steel for Locomotives and 
Cars (A 113 — 56) 

Spec. for Structural Steel for Ships (A 131 — 56) 

Spec. for Electric-Fusion (Arc)-Welded Steel 
Pipe (Sizes 4 in. and Over) (A 139 — 55) 

Spec. for Structural Rivet Steel (A 141-55) 

Spec. for High-Strength Steel Castings for Struc- 

, tural Purposes (A 148 - 57) 

Spec. for One-Wear Wrought Steel Wheels 
(A 186 — 54) 

Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 — 57) 

Spec. for Seamless and Weldec A.ustenitic Stain- 
less Steel Tubing for General Service (A 269 - 
57) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Sanitary Tubing (A 270-57) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 271 - 
57) 

Spec. for Low and Intermediate Tensile Strength 
Carbon-Steel Plates of Structural Quality 

(Plates 2 in. and Under in Thickness) (A 283 - 

54) 

Spec. for Steel Plates for Pressure Vessels for 
Service at Low Temperatures (A 300 — 57) 
Spec. for Low-Carbon High-Nickel Steel Plate 

for Pressure Vessels (A 353 — 56) 


Withdrawal of Tentatives: 


Method of Magnetic Particle Testing and In- 
spection of Commercial Steel Castings 


(A 272 - 44 T) 


_ Sheet, and Plate (B 265-52 T) 


2 Spec. for Titanium Sponge (B 299-55 T), 


further revised by the deletion from Table I 
of grade MD-140. 


Adopted as Standard, Revisions in: 


Spec. for Slab Zinc (Spelter) (B 6-49) 
Classification of Coppers (B 224-52) (Jointly 
with Committees B-1 and B-5) 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Report presented in the absence of the chair- 
man by J. S. Pettibone, and accepted as a report 
of progress. 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products: 


Report presented by W. T. Pearce, chairman, 
and the following actions taken: 


Accepled as Tentative: 


Specs. for Distilled Linseed Fatty Acids 
(D 1537 - 58 T) 

Specs. for Distilled Soybean Fatty Acids 
(D 1538 — 58 T) 

Specs. for Dehydrated Castor Acids (D 1539 - 
58 T) 

Test for Effect of Staining Agents on Organic 
Finishes Used in the Transportation Industry 
(D 1540 — 58 T) 

Test for Total Iodine Value (D 1541 — 58 T) 

Test for Color of Transparent Liquids (Gardner 
Color Scale) (D 1544 - 58 T) 

Test for Viscosity by Bubble Time Method 
(D 1545 - 58 T) 
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Method for Performance Tests of Clear Floor 
Sealers (D 1546 - 58 T) 

Method for Qualitative Tests for Rosin in Var- 
nishes (D 1542 — 58 T) 


Accepted as Tentative, Revisions in: 


Def. of Terms Relating to Paint, Varnish, Lac- 
quer, and Related Products (D 16-57) 

Test for Total Rosin Acids Content of Coating 
Vehicles (D 1469 - 57 T) 

Methods of Testing Varnishes (D 154-57 T), 
comprising method of panel preparation for 
measurement of gloss of varnishes, and test 
for print resistance of varnishes. 


Specs. for Raw Linseed Oil (D 234 —- 55) (Stand- 
ard reverted to tentative) 
Specs. for Boiled Linseed Oil (D 260-55) 


(Standard reverted to tentative) 
Specs. for Copper Phthalocyanine Blue (D 963 - 
49) (Standard reverted to tentative) 


Adopted as Standard: 


Specs. for Degummed Soybean Oil (D 124- 
56 T) 

Specs. for Dehydrated Castor Oil (D 961 - 55 T) 

Specs. for Safflower Oil (D 1392 - 56 T) 

Test for Distillation Range of Lacquer Solvents 
and Diluents (D 1078 - 56 T) 

Test for Nonvolatile Content of Resin Solutions 
(D 1259 - 56 T) 

Test for Spectrophotometric Diene Value of 
Dehydrated Castor Oil and Its Derivatives 
(D 1358 - 55 T) 

Test for Fire Retardance of Paints (Cabinet 
Method) (D 1360-55 T) 

Test for Fire Retardance of Paints (Stick and 
Wick Method) (D 1361-55 T) 

Test for Alcohol Content of Ketones (D 1362 - 
57 T) 

Test for Permanganate Time of Lacquer Sol- 
vents and Diluents (D 1363 — 57 T) 

Test for Water in Lacquer Solvents and Diluents 
(Fischer Reagent Titration Method) 
(D 1364-55 T) 

Test for Abrasion Resistance of Clear Floor 
Coatings (D 1395 — 56 T) 

Methods for Chemical Analysis of Poly(Viny]l 
Butyral) (D 1396 - 56 T) 

Test for Fatty Acid Content of Alkyd Resins 
and Resin Solutions (D 1398 - 56 T) 

Test for Unsaponifiable Content of Tricresyl 
Phosphate (D 1399 - 56 T) 

Methods of Testing Asphalt Emulsions for Use 
as Protective Coatings for Metal (D 1010- 
55 T) (Jointly with Committee D-8) 
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Methods for Measurement of Dry Film Thick- 
ness of Non-Metallic Coatings of Paint, 
Varnish, Lacquer, and Related Products 
Applied on a Non-Magnetic Base (D 1400 - 
56 T) 

Specs. for Acetone (D 329 - 55 T) 

Specs. for Methyl Isobutyl Ketone (D 1153 - 
55T) 

Adopted as Standard, Revisions in: 25) ah 

Methods of Testing Drying Oils (D 555 — 54) 

Test for Viscosity of Paints, Varnishes, and 
Lacquers by Ford Viscosity Cup (D 1200 — 54) 

Test for Sieve Analysis of Glass Spheres 
(D 1214 — 54) 

Methods of Sampling and Testing Lacquer 
Solvents and Diluents (D 268 — 53) 

Specs. for Ethyl Acetate (85 to 88 per cent 
Grade) (D 302 — 33) 

Specs. for Normal Butyl Acetate (88 to 92 Per 
Cent Grade) (D 303 — 40) 

Specs. for Butanol (Normal Butyl Alcohol) 
(D 304 - 45) 

Specs. for Amyl Acetate (Synthetic) (85 to 88 
Per Cent Grade) (D 318 — 39) 

Specs. for Amy] Alcohol (Synthetic) (D 319 — 40) 

Specs. for Amyl Acetate Made from Fuse! Oil 
(85 to 88 Per Cent Grade) (D 554 — 39) 


Specs. for Dibuty] Phthalate (D 608 - 43) ihe 
Specs. for Isopropyl Acetate (D 657 44) 
Specs. for Isopropy!] Alcohol (D 770 — 46) vh 
Specs. for Secondary Butyl Acetate (85 to 88 


Per Cent Grade) (D 966 - 52) 
Specs. for Secondary Butyl Alcohol (D 1007 - 
52) 
Specs. 
54) 


Standard Withdrawn: 


Test for Light Sensitivity of Traffic Paint 
(D 712 - 47) 


for Methanol (Methyl Alcohol) (D 1152 - 


Committee D-9 on Electrical Insulating 
Materials: 


Report presented by H. K. Graves, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Peroxide Number of Mineral Insulating 
Oils (D 1563 - 58 T) 


Adopted as Standard: 


Test for Electrical Resistance of Insulating 
Materials (D 257 — 57 T) 
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Test for Insulation Resistivity of Electrical 
Insulating Oils of Petroleum Origin (D 1169 - 
54 T) 

Test for Corrosive Sulfur in Electrical Insulating 
Oils (D 1275 - 58 T) 

Methods of Testing Varnished Cotton Fabrics 
and Varnished Cotton Fabric Tapes Used for 
Electrical Insulation (D 295 — 55 T) 

Methods of Testing Glass-Bonded Mica Used 
as Electrical Insulation (D 1039 - 50 T) 

Methods of Testing Electrical Insulating Oils 
(D 117 - 54 T) 


Adopted as Standard, Revisions in: 


Methods of Testing Sheet and Plate Materials 
Used for Electrical Insulation (D 229 — 49) 
Methods of Conditioning Plastics and Electrical 

Insulating Materials for Testing (D 618 — 54) 
Test for Power Factor and Dielectric Constant 
of Electrical Insulating Oils of Petroleum 
Origin (D 924 — 49) 
Spec. for Communication and Signa] Pin-Type 


Lime-Glass Insulators (D 879 — 49) Pit) 
Standards Withdrawn: 


Methods of Testing Glass Spool Insulators 
(D 550 - 44) 


Accepted for Publication as Information Only: 


Test for Evaluation of Thermal Stability of 
Electrical Insulating Coated Fabrics by 
Curved Electrodes (Dielectric Prooftest 
Method) 

Test for Evaluation of Thermal Stability of 
Electrical Insulating Coated Fabrics by 


PROCEEDINGS _ 


Test for Oxidation Characteristics of Mineral 

Transformer Oil 

The committee withdrew from the report as 
preprinted the following recommendations: (1) 
New Standard Methods of Test for Electrical 
Power Insulators; (2) Revision and reversion to 
tentative of Standard Specification for Low and 
Medium Voltage Pin-Type Lime-Glass Insu- 
lators (D 730 — 49); (3) Withdrawal of Standard 
Methods of ‘Testing Pin-Type Lime-Glass 
Insulators (D 468 — 46); and (4) Reapproval of 
Standard Methods of Testing Molding Powders 
Used in Manufacturing Molded Electrical 
Insulators (D 392 — 38). ‘ 


Committee E-4 on Metallography: 


The report of Committee E-4 had not been | 


preprinted. By special authorization, Mr. L. L. 
Wyman, chairman, presented recommendations 
for the revision of Tentative Methods for Deter- 
mining the Average Grain Size of Metals 
(E112-55T) and Tentative Methods of 
Preparation of Metallographic Specimens 
(E3-46T). These recommendations had re- 
ceived unanimous letter ballot approval of Com- 
mittee E-4. 


Joint Committee on Leather: 


Report presented in the absence of the chair- 
man by C. W. Mann, and the following actions 
taken: 


Accepted as Tentative: 


Method of Conditioning Leather and Leather 
Products for Testing (D 1610-58 T) 


Curved Electrodes (Dielectric Breakdown ‘Test for Corrosion Produced by Leather in 
Method) Contact with Metal (D 1611-58 T) 
T'WENTY-SEVENTH SESSION—COMMITTEE REPORT SESSION 
WEDNESDAY, JUNE 25, 4:00 P.M. 


Session CHAIRMAN: W. C. Voss 


Committee C-3 on Chemical Resistant 
Mortars: 


Report presented in the absence of the chair- 
man by W. C. Hansen, and the following actions 
taken: 
Accepted as Tentative: 
Test for Working and Initial Setting Times of 

Chemically Setting Silicate-Type Chemical- 

Resistant Mortars (C 414-58 T) 

Test for Absorption and Apparent Porosity of 

Chemical-Resistant Mortars (C 413 - 58 T) 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by W. H. Price, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Abrasion 
(C 418 58 T) 


Accepted as Tentative, Revisions in: 


Resistance of Concrete 


Test for Fundamental Transverse, Longitudinal, 
and Torsional Frequencies of Concrete Speci- 
mens (C 215-55 T) 
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Spec. for Packaged, Dry, Combined Materials 
for Mortar and Concrete (C 387 — 56 T) 

Spec. for Raw or Calcined Natural Pozzolans 
for Use as Admixtures in Portland Cement 
Concrete (C 402 - 57 T) 

Test for Measuring Mortar-Making Properties 
of Fine Aggregate (C 87-52) (Standard 
reverted to tentative) 

Method of Testing Air-Entraining Admixtures 
for Concrete (C 233 — 55) (Standard reverted 
to tentative) 

Spec. for Waterproof Paper for Curing Concrete 
(C 171 — 56) (Standard reverted to tentative) 

Spec. for Air-Entraining Admixtures for Con- 
crete (C 260-54) (Standard reverted to 
tentative) 


Adopted as Standard: 


Test for Air Content of Freshly Mixed Concrete 
by the Volumetric Method (C 173 - 55 T) 
Spec. for Ready-Mixed Concrete (C 94 - 55 T) 

Test for Bleeding of Concrete (C 232 — 56 T) 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Concrete and Con- 
crete Aggregates (C 125 — 56) 

Test for Slump of Portland-Cement Concrete 
(C 143 — 52) 

Spec. for Liquid Membrane-Forming Com- 
pounds for Curing Concrete (C 309 — 56) 


Committee C-18 on Natural Building 
Stones: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


Accepted as Tentative: 
Spec. for Structural Granite (C 422 — 58 T) 
Adopled as Standard: 


Spec. for Roofing Slate (C 406 — 57 T) 
Test for Weather Resistance of Natural Slate 

(C 217 - 56 T) 

Through an inadvertence, the recommenda- 
tion for adoption as standard of Tentative 
Method of Test C 217 —- 56 T had been omitted 
from the preprinted Report of Committee C-18. 


Committee D-4 on Road and Paving Ma- 
terials: 


Report presented in the absence of the chair- 
man by A. B. Cornthwaite, vice-chairman, and 
the following actions taken: 
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Accepled as Tentative;  — 


Test for Density of Soil in Place by the Sand 
Cone Method (D 1556-58 T) (Jointly with 
Committee D-18) 

Test for Moisture-Density Relations of Soils 
Using a 10-lb Rammer and an 18-in. Drop 
(D 1557-58T) (Jointly with Committee 
D-18) 

Test for Moisture-Penetration Resistance Re- 
lations of Fine-Grained Soils (D 1558 — 58 T) 
(Jointly with Committee D-18) 

Test for Resistance to Plastic Flow of Bitumi- 
nous Mixtures by Means of the Marshall 
Apparatus (D 1559 - 58 T) 

Test for Resistance to Deformation and Co- 
hesion of Bituminous Mixtures by Means of 
Hveem Apparatus (D 1560 - 58 T) 

Method of Preparing Bituminous Mixtures by 
Means of California Kneading Compactor 
(D 1561 - 58 T) 


Accepted as Tentative, Revisions in: 


Test for Moisture-Density Relations of Soils, 
Using 5.5-lb Rammer and a 12-in. Drop 
(D 698 — 57 T) (Jointly with Committee D-18) 

Test for Compressive Strength of Bituminous 
Mixtures (D 1074 - 55 T) 

Methods of Testing Emulsified Asphalts 
(D 244 — 55) 

Spec. for Hot-Mixed, Hot-Laid Asphaltic 
Concrete for Base and Surface Courses 
(D 947 — 55) 

Spec. for Asphaltic Mixtures for Sheet Asphalt 
Pavements (D 978 — 54) 

Spec. for Bituminous Mixing Plant Require- 
ments (D 995 — 55) 

Spec. for Fine Aggregate for Sheet Asphalt and 
Bituminous Concrete Pavements (D 1073 - 
54) 

Methods of Sampling Stone, Slag, Gravel, Sand, 
and Stone Block for Use as Highway Materials 
(D 75 — 48) (Standard reverted to tentative) 


Adopted as Standard: 


Test for Water in Petroleum Products and Other 
Bituminous Materials (D 95 - 56 T) (Jointly 
with Committee D-2) 

Rec. Practice for Quantities of Materials for 
Bituminous Surface Treatments (D 1369 - 
55 T) 


Adopted as Standard, Revisions in: 


Test for Bitumen Content of Paving Mixtures 
by Centrifuge (D 1097 — 57) 
Spec. for Sodium Chloride (D 632 — 43) 
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Withdrawal of Tentative: aa 


Spec. for Preformed Expansion Joint Fillers 
for Concrete (Nonextruding and Resilient 
Types) (D 544 - 56 T) 

The committee withdrew from the report as 
preprinted the recommendation for the with- 
drawal of Standard Specifications D 57-20, 
D 58 - 37, D 112 —- 30, and D 132 - 39. 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by Arba Thomas, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Method for Determination of Arsenic in Fire- 
Refined Copper (E 62 — 58 T) 

Methods for Chemical Analysis of Magnesium 
and pitti Alloys (E 35 — 58 T) 


or 


Adopted as Standard: nb 


Methods for Chemical Analysis of Ferro Alloys 
(E 31-54 T) 

Methods for Chemical Analysis of Nickel- 
Chromium and Nickel-Chromium-Iron Alloys 
(E 38 - 56 T) 

Methods for Chemical Analysis of Slab Zinc 
(Spelter) (E 40 — 56 T) 

Methods for Chemical Analysis of Zinc-Base 
Die-Casting Alloys (E 47 — 56 T) 

Methods for Chemical Analysis of Sulfur in 
Special Brasses and Bronzes (E 54 - 50 T) 

Methods for Chemical Analysis of Copper- 
Beryllium Alloys (E 106 — 54 T) 

Photometric Methods for Chemical Analysis of 
Aluminum-Base Alloys (E 34 - 56 T) 

Photometric Methods for Chemical Analysis of 
Lead, Tin, Antimony and Their Alloys (E 87 - 
56 T) 

Method of Sampling Non-Ferrous Metals and 
Alloys in Cast Form for Determination of 
Chemical Composition (E 88 - 50 T) 
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TWENTY-EIGHTH SESSION—MARBURG LECTURE, MEDAL AWARDS . 
WEDNESDAY, JUNE 25, 4:30 


SESSION CHAIRMAN: PRESIDENT R. T. Kropr il 


Charles B. Dudley Medal Award: 


The Twenty-eighth Charles B. Dudley 
Medal Award was made to O. D. Sherby 
and T. A. Trozera, Research Engineers, 
and J. E. Dorn, Professor of Physical 
Metallurgy, University of California, 
Berkeley, Calif., for their paper on 
“Effects of Creep Stress History at High 
Temperatures on the Creep of Aluminum 
Alloys,” published in the 1956 Proceed- 
ings. ba 

Richard L. Templin Award: 

The Twelfth Richard L. Templin 
Award was made to H. F. Robertson, D. 
Gross, and J. Loftus, Fire Protection 
Section, National Bureau of Standards, 
Washington, D.C., for their paper on 
“A Method for Measuring Surface 
Flammability of Materials Using a 
Radiant Energy Source,” published in 
the 1956 Proceedings. 


Sam Tour Award: 


The Seventh Sam Tour Award was 
made to W. G. Renshaw and R. A. Lula, 
Allegheny Ludlum Steel Corp., Research 
Laboratory, Brackenridge, Pa., for their 
paper on “The Corrosion Properties of 
Chromium-Nickel-Manganese Austenitic 
Stainless Steels,” published in the 1956 
Proceedings. 


Edgar Marburg Lecture: 


A brief statement of the purpose of 
the lecture was given by President Kropf. 
Elmer Walter Pehrson, Chief, Division 
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of Foreign Activities of the U.S. Bureau 
of Mines, was then introduced by Presi- 
dent Kropf as the thirty-second Edgar 
Marburg Lecturer. Speaking on the 
subject, ““Man and Raw Materials,” Mr. 
Pehrson discussed the fact that in the 
light of expanding world population and 
knowledge that mineral deposits are 
irreplaceable, recurring shortages under- 
standably cause concern over the ade- 
quacy of material resources for the 
future. These anxieties are aggravated 
by the threat to military security im- 
plicit in potential shortages because raw 
materials are as indispensable in modern 
warfare as they are in maintaining peace- 
time prosperity. He spoke on the major 
political, economic, and_ technological 
factors affecting raw-material availabil- 
ity; the geopolitical implications of raw- 
material resources and production; and 
the problems confronting industrial 
nations in their access to raw-material 
resources in the backward areas of the 
world. Consideration was given to na- 
tional and international raw-material 
policies and the industrial and military 
power inherent in the resource and poten- 
tial raw-material strength of the Sino- 
Soviet Bloc, as well as a contrast of the 
resource limitations on industrial growth 
in the United States and the U.S.S.R. 

President Kropf expressed apprecia- 
tion to Mr. Pehrson for his excellent 
lecture and presented to him on behalf 
of the Society the Edgar Marburg 
Lecture Certificate. 
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The New England District Council 
acted as the official host for this meeting. 
It reserved Symphony Hall for the 
ASTM Annual Dinner followed by a 
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ANNUAL DINNER 


WEDNESDAY, JUNE 25, 6:45 P. 


concert by the world-famous Boston 
Pops Orchestra under the direction of 
Arthur Fiedler. Around 930 people 
attended this function. 


Shear Strength and Elastic Properties of Soil- 
Cement Mixtures Under Triaxial Loading— 
G. G. Balmer, presented by the author. 

Soil Moisture Suction—Its Importance and 
Measurement—E. Penner, presented by the 
author. 

The Mechanical Behavior of Chemically Treated 

Granular Soils—R. L. Schiffman and C. R. 

Wilson, presented by Mr. Schiffman. 
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Measurement of Soil peas Laterally 
Loaded Pile—Hudson Matlock and E. A. 
Ripperger, presented by Mr. Ripperger. 

Specific Gravity of Montmorillonite Clay Con- 
stituents—J. C. Shea, presented by the author. 

Compressibility of Sands—J. E. Roberts and 
J. M. de Souza, presented by Mr. Roberts. _ 
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Studies on Calcium Sulpho-Aluminate Ad- 
mixtures for Expansive Cements—A. Klein 
and G. E. Troxell, presented by Mr. Klein. 


THIRTIETH SESSION—CEMENT 
THURSDAY, JUNE 26, 9:30 a.m. 
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SESSION CHAIRMAN: R. R. LITEHISER 


Variations in Portland Cement—Stanton Walker 
and D. L. Bloem, presented by Mr. Walker. 

Aeration Cause of False Set in Portland Cement 
—W. C. Hansen, presented by the author. 


Introduction—L. T. Work 

The Mechanics of Fine Sieving—K. T. Whitby, 
presented by the author. 

A Review of Sieve Standardization—L. V. Jud- 
son (presented by title only). 

Application of Electroformed Precision Micro- 
mesh Sieves to the Determination of Particle 
Size Distribution of Cracking Catalysts—H. 


22 To be issued as separate publication ASTM 
STP No. 234. 


(Continued in Thirty-Third and Thirty-Ninth Sessions) 


THIRTY-FIRST SESSION—SYMPOSIUM ON PARTICLE SIZE MEASUREMENT 
THURSDAY, JUNE 26, 9:30 a.m. 
SESSION CHAIRMAN: A. E. REED 


I. Sieves, Sieving Methods and Microscopy 


W. Daeschner, E. E. Seibert, and E. D. 
Peters, presented by Mr. Daeschner. 

A Review of the Work of the API Committee 
on Analytical Research Subcommittee on 
Measurement of Physical Properties of Crack- 
ing Catalysts—L. L. Mittelman, presented 
by B. J. Heinrich. 

The Stanford Research Institute Particle Bank— 
R. D. Cadle and W. C. Thumen, presented 


by R. D. Cadle. 
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Committee C-& on Refractories: 


SESSION CHAIRM 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


Accepted as Tentative: 


Test for Thermal Conductivity of Castable 
Refractories (C 417 — 58 T) 

Classification of Silica Refractory Brick (C 416 - 
58 T) 

Classification of Fireclay and High Alumina 
Refractory Brick (C 27 - 58 T) ww 


Accepled as Tentative, Revisions in: 
Def. of Terms Relating to Refractories (C 71 - 


55) 

Spec. for Fireclay-Base Castable Refractories 
for Boiler Furnaces and Incinerators (C 213 - 
55) 

Adopted as Standard: 


Test for Bulk Density of Granular Refractory 
Materials (C 357 -— 55 T) 


Adopted as Standard, Revisions in: 


Classification of Fireclay Refractories (C 27 — 56) 

Method for Basic Procedure in Panel Spalling 
Test for Refractory Brick (C 38 — 52) 

Spec. for Fireclay-Base Castable Refractories 
for Boiler Furnaces and Incinerators (C 213 - 
55) 


Tentative Revision Withdrawn: 


Def. of Terms 


(C 71-55) 


Relating to Refractories 


Committee C-12 on Mortars for Unit 


Masonry: 

Report presented in the absence of the chair- 
man by S. F. Etris, and accepted as a report of 
progress. 


Committee C-19 on Structural Sandwich 
Constructions: 
Report presented in the absence of the chair- 
man by J. F. Anderson, and accepted as a 
report of progress. 


Committee C-20 on Acoustical Materials: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


THIRTY-SECOND SESSION—COMMITTEE REPORT SESSION 


THuRSDAY, JUNE 26, 11:15 a.m. 


— 
SIXTY-FIRST MEETING 


wh 


AN: J. H. Koenic 


Accepied as Tentative: 

Test for Sound Absorption of Acoustical Mate- 
rials in Reverberation Rooms (C 423 - 58 T) 

Adopted as Standard: 


Test for Impedance and Absorption of Acous- 
tical Materials by the Tube Method (C 384 - 
56 T) 


Committee C-21 on Ceramic Whiiewares 
and Related Products: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 


Accepted as Tentative: 

Test for Crazing Resistance of Fired Glazed 
Whitewares by Autoclave Treatment (C 424 - 
58 T) 

Accepted as Tentative, Revisions in: 


Def. of Terms Relating to Ceramic Whitewares 
and Related Products (C 242 - 56 T) 


Adopted as Standard: 


Test for Compressive (Crushing) Strength of 
Fired Whiteware Materials (C 407 — 57 T) 
Test for Thermal Conductivity of Whiteware 

Ceramics (C 408 - 57 T) 


Committee C-22 on Porcelain Enamel: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Def. of Terms Relating to Porcelain Enamel 
(C 286 - 57 T) 


Adopted as Standard: 


Test for Thermal Shock Resistance of Porce- 
lain-Enameled Utensils (C 385 — 56 T) 

Classification of Water Used in Milling of 
Porcelain Enamel (C 375-55 T) 


Committee D-5 on Coal and Coke: 


Report presented in the absence of the chair- 
man by R. L. Coryell, vice-chairman, and the 
following actions taken: 
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Accepted as Tentative, Revisions in: 


Test for Cubic Foot Weight of Crushed Bitu- 
minous Coal (D 291-29) (Standard re- 
verted to tentative) 


Adopted as Standard, Revisions in: 
Methods of Laboratory Sampling and Analysis 
of Coal and Coke (D 271-48) > 


Committee D-14 on Adhesives: _ 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


Accepted as Tentative: 


Test for Bonding Permanency of Water or 
Solvent Soluble Liquid Adhesives for Labeling 
Glass Bottles (D 1581 - 58 T) 

Test for Nonvolatile Content of Phenol, Res- 


orcinol, and Melamine Adhesives (D 1582 - 
58 T) 
Test for Measuring the Hydrogen Ion Concen- 
tration of Dry Adhesive Films (D 1583 — 58 T) 
Test for Water Absorptiveness of Paper Labels 
(D 1584 — 58 T) 

Test for Filler Content of Phenol, Resorcinol, 
and Melamine Adhesives (D 1579 - 58 T) 
Spec. for Adhesives for Automatic Machine 

Labeling of Glass Bottles (D 1580 - 58 T) 


Accepted as Tentative, Revisions in: 


Test for Effect of Moisture and Temperature 
on Adhesive Bonds (D 1151 — 56 T) 

Def. of Terms Relating to Adhesives (D 907 - 
55) 


Adopted as Standard, Revisions in: 
Test for Resistance of Adhesive Bonds to Chem- 
ical Reagents (D 896-51) 
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The luncheon was sponsored by Com- 
mittee D-2 on Petroleum Products and 
Lubricants. 

The guest speaker was Hoyt C. Hot- 


PETROLEUM INDUSTRY LUNCHEON 
Tuurspay, 26, 12:00 Noon 


ToastTMASTER: W. T. GUNN 


Director, Fuels Research Laboratory, 
Massachusetts Institute of Technology, 
whose subject was ‘Oils’ Competitors in 
Space Heating.” 


tel, Professor of Fuel Engineering, and 
Co-Toastmasters: A. C. WEBBER AND D.C. Scott, 
The luncheon was sponsored by whose subject was “Instrumentation, 


Committee E-1 on Methods of Testing. 
The guest speaker was Dr. A. V. Astin, 
Director, National Bureau of Standards, 


Where We Stand.’ 


23 Published in the ASTM Buttetin, No. 
232, Sept., 1958, p. 7. 


we 
die 


-THIRTY-THIRD SESSION—SYMPOSIUM ON PARTICLE SIZE MEASUREMENT# 
(Symposium continued from the Thirty-first Session) 


TuurspAy, 26, 2:00 p.m. 


rete 


Recent Developments in the Hydrometer 
Method as Applied to Soils—E. E. Bauer, 
presented by the author. 

Sedimentation Procedures for Determining 
Particle Size Distribution—W. F. Sullivan 
and A. E. Jacobsen, presented by Mr. Sullivan. 

A Photoelectric Sedimentation Method for 
Particle Size Determination in the Sub-Sieve 
Range—H. R. Harner and J. R. Musgrave, 
presented by Mr. Musgrave. 


Centrifuge Sedimentation Size Analysis of 


SIxTy-FIrST ANNUAL MEETING 


SESSION CHAIRMAN: A. E. JACOBSEN 
II. Sedimentation Methods 
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Membrane Filter Collected Samples of Air- 
borne Dusts—K. T. Whitby, A. B. Algren, 
and J. C. Annis, presented by Mr. Whitby. 

A Liquid Sedimentation Method for Particle 
Size Distributions—L. M. Cartwright and 
R. Q. Gregg, presented by B. J. Heinrich. 

New Methods for Determining Particle Size 
Distribution by Examining Gravitational and 
Centrifugal Sedimentation—Soren Berg, pre- 
sented by V. D. Frechette. 


(Continued in Thirty-Ninth Session) 


_THIRTY-FOURTH SESSION—SYMPOSIUM ON PAPER AND PAPER PRODUCTS* 


THURSDAY, JUNE 26, 2:30 p.m. 


Session Co-CHAIRMEN: H. A. BrrpsALL 


Some Historical Developments in Paper Testing 
—W. R. Willets and F. R. Marchetti, pre- 
sented by Mr. Willets. 

New Developments in the Internal Bonding of 


24To be issued as a separate publication 
ASTM STP No. 241. 


F. F. NEWKIRK 


Paper—K. W. Britt and J. W. Eastes, pre- 
sented by Mr. Britt. 

Non-Woven Fabrics and Synthetic Fiber Papers: 
Technology and End Uses—J. T. Taylor 
and P. J. McLaughlin, presented by Mr. 
Taylor. 

Relative Humidity Measurements in Packaging 
Material Testing—B. H. Schrier and P. K. 
Wolper (presented by title only). 


(Continued in Thirty-Sixth Session) 
THIRTY-FIFTH SESSION—COMMITTEE REPORT SESSION 


THURSDAY, JUNE 26, 4:30 


Committee B-4 on Metallic Materials for 
Electrical Heating, Electrical Resistance, 
and Electrical Contacts: 

Report presented by E. I. Shobert, II, chair- 
man, and the following action taken: 

Accepted as Tentative: 

Test for Resistance Characteristics of Micro- 
contacts (B 326-58 T) 

Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chair- 
man, and the following actions taken: 


SESSION CHAIRMAN: W. A. KIRKLIN 
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Accepted as Tentative: 


Spec. for Aluminum Alloy Hardeners Used in 
Making Zinc-Base Die Casting Alloys (B 327 - 
58 T) 


Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Sand Castings 
(B 26-57 T)* 

Spec. for Aluminum-Base Alloy Permanent 
Mold Castings (B 108 —- 57 T)* 


254 negative vote was cast at the session 
on the acceptance of the revisions in Specifica- 
tions B 26 and B 108 with respect to the pro- 
posed withdrawal of alloy SC64C. 
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Spec. for Aluminum Alloy Sheet and Plate 
(B 209 ~ 57 T) 

Spec. for Aluminum Alloy Drawn Seamless 
Tubes (B 210-57 T) 

Spec. for Aluminum-Alloy Bars, Rods, and Wire 
(B 211-57 T), further revised by the addi- 
tion of a new Section 13 on Cladding Thick- 
ness. 

Spec. for Aluminum Alloy Extruded Bars, Rods, 
and Shapes (B 221 — 57 T) 

Spec. for Aluminum Alloy Drawn Seamless 
Tubes for Condensers and Heat Exchang- 
ers (B 234-57 T) 

Spec. for Aluminum Alloy Extruded Tubes 
(B 235 - 57 T) 

Spec. for Aluminum Bars for Electrical Purposes 
(B 236 - 57 T) 

Spec. for Aluminum Alloy Pipe (B 241 - 57 T) 

Spec. for-Aluminum Alloy Die Forgings (B 247 — 
57 T) 

Spec. for Aluminum Alloy Drawn Seamless 
Coiled Tubes for Special Purpose Applica- 
tions (B 307 — 57 T) 

Spec. for Aluminum Alloy Standard Structural 
Shapes Rolled or Extruded (B 308 - 57 T) 
Spec. for Alluminum Alloy Round Welded 

Tubes (B 313 - 57 T) 

Spec. for Aluminum Alloy Rivet and Cold Head- 
ing Wire and Rods (B 316-57 T) 

Spec. for Extruded Aluminum Alloy Bars, Rods, 
Pipe, and Structural Shapes for Electrical 
Purposes (B 317 — 57 T) 

Spec. for Type A and Type B Aluminum Alloy 
Drawn Annealed Seamless Coiled Tubes 
(B 318 — 57 T) 


Adopted as Standard: 


Spec. for Magnesium-Base Alloy Sheet and 
Plate (B 90 —- 57 T) 

Spec. for Magnesium-Base Alloy Sand Castings 
(B 80-57 T) 

Spec. for Magnesium-Base Alloy Forgings 
(B 91 - 57 T) 

Spec. for Magnesium-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Perma- 
nent Mold Castings (B 93 — 57 T) 

Spec. for Magnesium-Base Alloy Bars, Rods, 
and Shapes (B 107 - 57 T) 

Spec. for Magnesium-Base Alloy Permanent 
Mold Castings (B 199 - 57 T) 

Spec. for Magnesium-Base Alloy 
Tubes (B 217 - 57 T) 


Adopted as Standard, Revisions in: 


Extruded 


Spec. for Aluminum-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 — 57) 

Rec. Practice for Codification of Light Metals 
and Alloys, Cast and Wrought (B 275 — 55) 


PROCEEDINGS 


Committee D-17 on Naval Stores: 


Report presented by V. E. Grotlisch, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Fatty Acids Content of Tall Oil Rosin 
(D 1585-58 T), revised by the deletion of 
Sections 17 through 22 covering Alternate 
Method B. 


Adopted as Standard: 


Methods of Testing Tall Oil (D 803 - 55 T) 

This recommendation, while not included in 
the preprinted report of Committee D-17, was 
presented at the session and accepted since it 
had received unanimous letter ballot approval 
in the committee. 


Adopted as Standard, Revisions in: 


Methods of Sampling and Testing Turpentine 
(D 233 — 57) 

Test for Volatile Oil in Rosin (D 889 — 50) 

Test for Water in Liquid Naval Stores (D 890 - 
51) 

Test for Iron in Rosin (D 1064 — 51) 


Committee D-21 on Wax Polishes and Re- 
lated Materials: 


Report presented in the absence of the chair- 
man by M. D. Huber, and accepted as a report 
of progress. 


Committee D-23 on Cellulose and Cellulose 
Derivatives: 


Report presented in the absence of the chair- 
man by M. D. Huber, and the following actions 
taken: 

Accepted as Tentative, Revisions in: 


Methods of Testing Sodium Carboxymethyl- 
cellulose (D 1439* 56 T) 

Test for Moisture in Cellulose (D 1348 - 56) 
(Standard reverted to tentative) 


Committee D-24 on Carbon Black: 

Report presented by S. R. Doner, chairman, 
and accepted as a report of progress. 
Committee E-1 on Methods of Testing: 


Report presented, in the absence of the chair- 
man, by P. J. Smith, secretary, and the follow- 
ing actions taken: 


Accepted as Tentative: 


Specs. for Pensky-Martens Closed Flash Tester 
(E 134 - 58 T) 
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Method for Determination of Poisson’s Ratio 
at Room Temperature (E 132 - 58 T) 


Accepted as Tentative, Revisions in: 


Defs. of Terms Relating to Methods of Mechan- 
ical Testing (E6-54T), with editorial 
changes in the definition of “Fatigue Strength 
Reduction Factor” to read “Fatigue Notch 
Factor,” and the Note deleted from the 
definition. 

Specs. for Cell-Type Oven with Controlled Rates 
of Ventilation (E 95 - 52 T) 

Method of Determination of Young’s Modulus 
at Room Temperature (E 111-55 T) 


Adopted as Standard: 


Specs. for Distillation Equipment (E 133 - 58) 

Hardness Conversion Tables for Metals (Re- 
lationship Between Brinell Hardness, Diamond 
Pyramid Hardness, Rockwell Hardness, and 
Rockwell Superficial Hardness) (E 140 - 58) to 
replace Standards E 33-42, E 48-47, and 
E 93 - 52. 


Adopted as Standard, Revisions in: 


Method of Testing and Standardization of 
Etched-Stem Liquid-in-Glass Thermometers 
(E 77 - 56 T) 

Spec. for ASTM Thermometers (E 1-57), 
covering (1) immediate adoption of revi- 
sion, with further revisions to include changes 
in the requirements for dimensions of ther- 
mometers, similar to those given in the report 

for the precision thermometers, subject to 
approval of the interested technical commit- 

~ tees and letter ballot approval of Committee 
E-1; and (2) adoption of tentative revisions 
as standards. “ae 


Standards Withdrawn: 


Hardness Conversion Table for Caicridge Brass 
(Relationship Between Diamond Pyramid 
Hardness, Rockwell Hardness, and Brinell 
Hardness) (E 33 — 42) 

Hardness Conversion Tables for Steel (Rela- 
tionship Between Diamond Hard- 
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ness, Rockwell Hardness, and Brinell Hard- 
ness) (E 48 - 47) 

Hardness Conversion Table for Nickel and High 
Nickel Alloys (Relationship Between Diamond 
Pyramid Hardness, Brinell Hardness, and 
Rockwell Hardness) (E 93 - 52) 


Committee E-2 on Emission Spectroscopy: 


Report presented by D. L. 
and the following actions taken: 


Fry, chairman, 


Accepted as Tentative: 
Def. of Terms Relating to Emission Spectros- 
copy (E 135 - 58 T) 

Accepted for Publication as Information Only: 
Method for Spectrochemical Analysis of Caustic 
Soda by the Solution - A-C Arc Technique. 
Committee E-7 on Nondestructive Testing: 


Report presented in the absence of the chair- 
man by J. W. Caum, and the following action 
taken: 


Accepted as Tentative: 


Method for Wet Magnetic Particle Inspection 

(E 138 - 58 T) 

The committee withdrew from the report as 
preprinted the recommendation for publication 
as tentative of Method for Quality Inspection 
by Radiographic Testing. 


Committee E-12 on Appearance: 

Report presented from manuscript by George 
Ingle, chairman, and accepted as a report of 
progress. 

Committee E-13 on Absorption Spectros- 
copy: 

Report presented in the absence of the chair- 
man by R. F. Robey, secretary, and the follow- 
ing action taken: 

Accepted for Publication as Information Only: 

Methods for Evaluation of Spectrophotometers 
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Committee D-6 on Paper 
Products: 


and Paper 


Report presented by R. H. Carter, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Test for Thickness of Paper and Paper Products 
(D 645 - 43) (Standard reverted to tentative) 


Adopted as Standard: 


Test for Resistance of Paper to Passage of Air 
(D 726-55 T) 

Test for Water Resistance of Paper, Paper- 
board, and Other Sheet Materials by the 
Dry-Indicator Method (D 779-55 T) 

Test for Pinholes in Glassine and Other Grease- 
proof Papers (D 1221-52 T) 


SUMMARY OF PROCEEDINGS 


THURSDAY, JUNE 26, 7:30 P.M. 


Session Co-CHAIRMEN: H. A. BrrpsaLi 


THIRTY-SIXTH SESSION—SYMPOSIUM ON PAPER AND PAPER PRODUCTS*# 
(Symposium Continued from Thirty-fourth Session) 


veut 


F. F. NEWKIRK 


Adopted as Standard, Revisions in: 
Test for Titanium Dioxide in Paper (D 921 - 49) 


Tentative Withdrawn: 


Test for Water Vapor Permeability of Paper 
and Paperboard (D 988 - 51 T) 


Symposium Papers: 


Testing of Synthetic Fiber Papers—F. H. 
Koontz and J. K. Owens, presented by Mr. 
Koontz. 

A New Cotton Paper Furnish—Properties, 
Applications, Identification—J. A. Harpham, 
presented by the author. 

Clupak—A Revolutionary High Stretch Paper— 
Its Manufacture and Performance—R. J. 
Diaz, presented by the author. 

Knit Paper—Its Uses as a Utilitarian Textile— 
R. H. Marks, presented by C. E. Brandon. 


li 


Examples of Highway Soil Engineering—E. S. 
Barber, presented by the author. 

Subsurface Explorations with Drilling, Machines, 
Power Augers, and Earth Resistivity—D. G. 
Shurig and E. J. Yoder, presented by Mr. 
Shurig. 

2% To be issued as a separate publication 

ASTM STP No. 239. 


THURSDAY, JUNE 26, 8:00 P.M. 


SESSION CHAIRMAN: C., 


(Continued in Forty-Second Session) 


THIRTY -SEVENTH SESSION—SYMPOSIUM ON APPLICATION OF SOIL TESTING 
IN HIGHWAY DESIGN AND CONSTRUCTION* 


The Soil Exploration and Mapping Cooperative 
Project in Illinois—Nicholas Chryssafopoulos, 
presented by the author. 

Investigation of Banded Sediments Along St. 
Lawrence-North Shore in Quebec—R. W. J. 
Pryer and K. B. Woods, presented by Mr. 
Pryer. 


A. CARPENTER 
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THIRTY-EIGHTH SESSION—SYMPOSIUM ON 
WATER AND INDUSTRIAL WASTE WATER*® 


THURSDAY, JUNE 26, 8:00 P.M. 


Presentation of Max Hecht Award: 


The Fifth Max Hecht Award was given to 
F. R. Owens, Cyrus William Rice and Co., 
Inc., Pittsburgh, Pa., who has performed out- 
standing work in Committee D-19 and in the 
field of industrial water. 


Committee D-19 on Industrial Water: 


Report presented by Max Hecht, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Dissolved and Gaseous Hydrogen in 
Industrial Water (D 1588 - 58 T), revised by 
the deletion of Figs. 2 and 3. 

Test for Dissolved Oxygen in Industrial Waste 
Water (D 1589 - 58 T) 

Test for Effect of Water in Tubular Heat Ex- 
changers (D 1591 — 58 T) 


Test for Surface Tension of Industrial Water 


and Industrial Waste Water (D 1590-58 T) 
Accepted as Tentative, Revisions in: 


Test for Phosphate in Industrial Water (D 515 - 
55 T) 

Method for Identification of Types of Micro- 
organisms in Industrial Water (D 1128 — 50 T) 

Test for Chemical Oxygen Demand (Dichromate 
Oxygen Demand) of Industrial Waste Water 
(D 1252 - 55 T) 

Test for Odor of Industrial Waste Water 
(D 1292 - 53 T) 

Test for Hydrazine 
(D 1385 - 57 T) 


Adopted as Standard: 


Test for Suspended and Dissolved Matter 
(Suspended and Dissolved Solids) in Indus- 
trial Water and Industrial Waste Water 
(D 1069 — 54 T) 

Test for pH of Industrial Water and Industrial 
Waste Water (D 1293 - 55 T) 


in Industrial Water 


27To be issued as a separate publication 


ASTM STP No. 235. 
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Test for Ammonia in Industrial Water and 

Industrial Waste Water (D 1426-56 T) 
Test for Residual Chlorine in Industrial Waste 

Water (D 1427 - 56 T) 

The committee withdrew from the report as 
preprinted the recommendation for adoption as 
standard of Tentative Method of Test for 
Evaluating Acute Toxicity of Industrial Waste 
Water to Fresh Water Fishes (D 1345 — 54 T) 


Adopted as Standard, Revisions in: 


Method of Reporting Results of Analysis of 
Industrial Water and Industrial Waste Water 
(D 596 — 55) 

Test for Iron Bacteria in Industrial Water and 
Water-Formed Deposits (D 932-51) 

Test for Sulfate-Reducing Bacteria in Indus- 
trial Water and Water-Formed Deposits 
(D 993 - 51) 

Def. of Terms Relating to Industrial Water and 
Industrial Waste Water (D 1129 - 57) 

Test for Fluoride Ion in Industrial Water and 
Industrial Waste Water (D 1179 - 57) 


Symposium Papers: ‘Vaz 
ant 


Introduction—A. R. Belyea. 

Radioactivity and Purity Control of APPR 
Primary Water—A. L. Medin, presented by 
the author. 

Radioactive Waste Processing and Control at 
the Shippingport Atomic Power Station 
—S. F. Whirl and J. A. Tash, presented by 
Mr. Tash. 

Test Methods for Radiation Hazards in Indus- 
trial Water—C. J. Munter, presented by the 
author. 

Analysis for Radionuclides in Aqueous Wastes 
from an “Atomic” Plant—B. Kahn, D. W. 
Moeller, T. H. Handley, and S. A. Reynolds, 
presented by Mr. Reynolds. 

The Analysis of Environmental Samples for 
Radionuclides—D. L. Reid, presented by 
the author. 

Open Discussion. 

Summation—J. M. Seamon. 
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THIRTY-NINTH SESSION—SYMPOSIUM ON PARTICLE SIZE MEASUREMENT? 


(Symposium Continued from Thirty-first and Thirty-third Sessions) 
Frmay, June 27, 9:30 a.m. 
Session CHarrMAN: L. T. Work 
a III. Other Particle Size Methods and Correlations 7 


A Discussion of the Recommended Practice of 
Reporting Particle Size Characteristics of Pig- 
ments (ASTM Tentative Method D 1366- 
55T)—J. H. Calbeck, presented by the 
author. 

The Determination of Particle Size by Adsorp- 
tion Methods—R. J. Fries, presented by the 
author. 

A Study of the Blaine Fineness Tester. Calcula- 


tion of Surface Area from Air Permeability 
Data—S. S. Ober and K. J. Frederick, pre- 
sented by Mr. Ober. 

Three-Dimensional Electronic Sizing of Sub- 
Sieve Particles at 6000 per Second—R. H. 
Berg, presented by the author. 

Turbidimetric Particle Size Distribution Theory: 
Application to Refractory Metal and Oxide 
Powders—A. I. Michaels, presented by the 


Frmay, JUNE 27, 12:30 p.m. 


FORTIETH SESSION—COMMITTEE REPORT SESSION aad at 


SEssIon CHarrMan: A. E. Juve 


Committee A-3 on Cast Iron: 

Report presented by D. E. Krause, chairman, 
and the following actions taken: 
Adopted as Standard: 


Methods of Chill Testing of Cast Iron (A 367 - 
55 T) 

Spec. for High-Strength Nodular Iron Castings 
(A 396 - 55 T) 


Adopted as Standard, Revisions in: 

Spec. for Automotive Gray Iron Castings 
(A 159 — 55) 

Committee D-2 on Petroleum Products and 
Lubricants: 
Report presented by H. M. Smith, chairman, 


and the following actions taken: fhe 
Accepted as Tentative: orth 


ASTM Butadiene Measurement Tables (D 
1550 - 58 T) 

Test for Zinc in New Lubricating Oils and Lubri- 
cating Oil Additives (Polarographic Method) 
(D 1549 - 58 T) 

Test for Vanadium in Navy Special Fuel Oil 
(D 1548 — 58 T) 

Test for Sulfur in Petroleum Oils by Quartz Tube 
Combustion (D 1551 - 58 T) 

Methods for Analysis of Graphites Used as 
Lubricants (D 1553 — 58 T) 


Test for Sulfur in Petroleum Products by the 
Rapid, High-Temperature Combustion 
Method (D 1552 — 58 T) 

Method for Calculation of Volume and Weight 
of Benzene, Toluene, and Paraxylene (D 
1555 — 58 T) (Jointly with Committee D-16) 

Method of Test for Autogenous Ignition Tem- 
peratures of Petroleum Products (D 286- 
30) (Standard reverted to tentative) 


Accepted as Tentative, Revisions in: 


Test for Water and Sediment by Means of 
Centrifuge (D 96 — 57 T) 

Test for Dilution of Crankcase Oils (D 322 - 
55 T) 

Test for Existent Gum in Fuels by Jet Evapora- 
tion (D 381 — 57 T) 

Specs. for Gasoline (D 439 - 57 T) 
Test for Carbon Residue of Petroleum Products, 
Ramsbottom Coking Method (D 524 - 52 T) 
Test for Ignition Quality of Diesel Fuels by the 
Cetane Method (D 613 - 56 T) 

Test for Knock Characteristics of Aviation Fuels 
by the Aviation Method (D 614 — 56 T) 

Test for Foaming Characteristics of Lubricating 
Oils (D 892 - 46 T) 

Test for Knock Characteristics of Aviation Fuels 
by the Supercharge Method (D 909 - 49 T) 

Test for Neutralization Value by Color-Indica- 
tor Titration (D 974 - 55 T), with an editorial 
change in the Specs. for p-naphtholbenzein, 
changing “‘benzene”’ to toluene in Section 3 (2 
places) and Section 4(c) 
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Test for Olefinic Plus Aromatic Hydrocarbons in 
Petroleum Distillates (D 1019 - 57 T) 

Test for Phosphorus in Lubricating Oils, Addi- 
tives, and Concentrates (D 1091 — 54 T) 

Method for Calibrating Upright Tanks (D 
1220-57 T) 

Test for Hydrocarbon Types in Liquid Petro- 
leum Products (Fluorescent Indicator Adsorp- 
tion (FIA) Method) (D 1319-56 T) 

Test for Smoke Point of Jet Fuels (D 1322- 
54 T) 

Test for Trace Concentrations of Tetraethyllead 
in Primary Reference Fuels (D 1368 — 55 T) 
Method for Calibrating Spherical and Spheroidal 

Tanks (D 1408 - 56 T) 

Test for Flash Point by Pensky-Martens Closed 
Tester (D 93-52) (Standard reverted to 
tentative) 

Test for Apparent Viscosity of Lubricating 
Greases (D 1092-55) (Standard reverted to 
tentative) 


Adopted as Standard: 


Test for Water in Petroleum Products and Other 
Bituminous Materials (D 95-56 T) (Jointly 
with Committee D-4) 

Test for Penetration of Petrolatum (D 937 - 
49 T) 

Method for Polarographic Determination of 
Tetraethyllead in Gasoline (D 1269 — 56 T) 

Test for Effect of Copper on Oxidation Rz te of 


Grease (D 1402 56 T) 
Adopted as Standard, Revisions in: ~—S 
Test for Sulfur in Petroleum Products and Lubri- 

cants by the Bomb Method (D 129 — 57) 
Test for Carbon Residue of Petroleum Products 

(Conradson Carbon Residue) (D 189 — 52) 
Test for Vapor Pressure of Petroleum Products 

(Reid Method) (D 323 — 56) 

Test for Knock Characteristics of Motor Fuels 
by the Motor Method (D 357 - 56) 

Test for Neutralization Value (Acid and Base 
Numbers) of Petroleum Products (Potentio- 
metric Titration Method) (D 664 — 54) 

Test for Knock Characteristics of Motor Fuels 
by the Research Method (D 908 — 56) 


Accepted for Publication as Information Only: 


Test for Dilution of Automotive Crankcase Oils 
(Reduced Pressure Distillation Method) 

Method of Computing ASTM Butadiene Meas- 
urement Tables 

Test for Filterability of Aviation Turbine Fuels 

Test for Determination of Particulate Matter in 
Hydrocarbons 

Test for Sealing Strength of Paraffin Wax 


Test for Breaking Strength of Petroleum Waxes 


Test for Hydrocarbon Types in Low Olefinic 

Gasoline by Mass Spectrometry 
Test for Maximum Fluidity Temperature of 

Residual Fuel Oil 
Test for Ash Content of Petroleum Oils 
Test for Knock Characteristics of Motor Fuels 

Above 100 Octane Number by the Research 

Method 
Specs. for Aviation Turbine Fuels 
Test for Thermal Stability of Aviation Turbine 

Fuels 
Optional Method for Analysis of Lubricating 

Greases (to be published as an appendix to 

Method D 128) 

The committee withdrew from the report as 
preprinted the following recommendations: (1) 
Proposed new Tentative Method of Test for 
Oxidation Resistance of Paraffin Wax (Peroxide 
Method); (2) revision and reversion to tenta- 
tive of Standard Method of Test for Distillation 
of Gas Oil and Similar Distillate Fuel Oils 
(D 158-54); and (3) revision for immediate 
adoption of Standard Method of Test for Dis- 
tillation of Gasoline, Naphtha, Kerosine, and 
Similar Petroleum Products (D 86-56). 


Committee D-3 on Gaseous Fuels: 


Report presented, in the absence of the chair- 
man, by P. J. Smith and the following action 
taken: 


Adopted as Standard, Revisions in: 


Test for Vapor Content of Gaseous Fuels by 
Measurement of Dew-Point Temperature 
(D 1142 — 53) 


Committee D-10 on Shipping Containers: 


Report presented, in the absence of the chair- 
man, by P. J. Smith and accepted as a report of 
progress. 


Committee D-11 on Rubber and Rubber- 
like Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Specs. and Methods of Test for Flexible Foams 
Made from Polymers or Copolymers of 
Viny] Chloride (D 1565 58 T) 

Tests for Flexible Urethane Foam (D 1464 - 
58 T) 

Defs. of Terms Relating to Rubber and Rubber- 
Like Materials (D 1566-58 T), revised by a 
change in title and deletion of definitions for 
‘Rubber and Rubber-like,’’ and ‘‘Vulcaniza- 
tion.’”’ Also in the definition of “International 
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was omitted from the note. In the definition 
of “tear strength” the words “in pounds per 
inch of thickness” were omitted. In the 
definition of “tensile strength” the words 
“uniformly over the cross-section of the test 
specimen” were omitted. The definition of 
“tensile stress” was revised to read: “The 
applied force per unit of original cross-sec- 
tional area of a specimen.” The definition of 
“tensile stress at given elongation” was 
revised to read: “The tensile stress required 
to stretch a uniform section of a specimen to 
a given elongation.” In the definition of 
“test specimen” the word “physical” was 
omitted. 


Accepted as Tentative, Revisions in: 


Methods of Sample Preparation for Physical 
Testing of Rubber Products (D 15-57 T) 

Methods of Testing Rubber-Coated Fabrics 
(D 751 - 57 T) 

Specs. and Methods of Test for Latex Foam 
Rubbers (D 1055 — 58 T) 

Test for Evaluating Pressure Sealing Properties 
of Rubber and Rubber-like Materials 
(D 1081 - 49 T) 

Test for Harmful Dirt in Crude Natural Rubber 
(D 1278 - 53 T) 

Methods for Chemical Analysis of Synthetic 

Elastomers (Solid Butadiene-Styrene Co- 

polymers) (D 1416-58 T), with a number of 

editorial changes in the procedure for Deter- 
mination of Mixed Alkylated Phenols (MAP) 

Content as preprinted. 


There has been withdrawn from the Report of 
Committee D-11 the recommendation for the 
revision of Tentative Method of Test for Low- 
Temperature Brittleness of Rubber and Rubber- 
Like Materials (D 736 — 54 T) since the changes 
are of an editorial nature and had been previ- 
dusly incorporated in the method. 

The revision of Tentative Method of Test for 
Brittleness Temperature of Plastics and Elas- 
.omers by Impact (D 746-55 T) has been with- 
drawn from the report since this standard, while 
of interest to Committee D-11, is under the 
jurisdiction of Committee D-20 on Plastics, and 
the revisions set forth in the D-11 Report con- 
stitute a recommendation to Committee D-20 
and not to the Society. 


Adopted as Standard: 


Spec. for Natural Rubber AO Insulation for 
Wire and Cable (D 27 - 58 T) 

Spec. for Natural Rubber Performance Insula- 
tion for Wire and Cable (D 353 — 58 T) 

Spec. for Natural Rubber Heat-Resisting 
Insulation for Wire and Cable (D 469 - 58 T) 
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Spec. for Natural Rubber Sheath for Wire 
and Cable (D 532 — 54 T) 

Spec. for Ozone-Resisting Insulation for Wire 
and Cable (D 574 — 54 T) 

Spec. for Synthetic Rubber Insulation for Wire 
and Cable, 75 C Operation (D 754 - 58 T) 

Spec. for Synthetic Rubber Insulation for Wire 
and Cable, 60 C Operation (D 755 — 58 T) 

Spec. for GR-S Synthetic Rubber Sheath for 
Wire and Cable (D 866 — 54 T) 

Test for Hardness of Rubber (D 314 - 52 T) 

Test for Adhesion of Vulcanized Rubber to 
Metal (D 429 - 56 T) 

Test for Compression Fatigue of Vulcanized 
Rubber (D 623 - 52 T) 

Methods of Testing Adhesives for Brake Lining 
and Other Friction Materials (D 1205 — 53 T) 


Adopted as Standard, Revisions in: 

Test for Young’s Modulus in Flexure of Natural 
and Synthetic Elastomers at Normal and 
Subnormal Temperatures (D 797 — 46) 


Committee D-12 on Soaps and Other De- 
tergents: 


Report presented in the absence of the 
chairman by P. J. Smith, and the following 
actions taken: 


Accepted as Tentative: 

Method of Testing Detergent Cleaners for 
Evaluation of Corrosive Effects on Certain 
Porcelain Enamels (D 1567 - 58 T) 

Methods for Sampling and Chemical Analysis 
of Alkylbenzene Sulfonates (D 1568 — 58 T) 
Methods of Testing Detergent Alkylate 

(D 1569 — 58 T) 

Methods for Sampling and Chemical Analysis 

of Fatty Alky] Sulfates (D 1570 - 58 T) 


Accepted as Tentative, Revisions in: 

Def. of Terms Relating to Soaps and Other 
Detergents (D 459 — 57 T) 

Methods for Sampling and Analysis of Sodium 
Triphosphate (D 501 — 56 T) ; 


Adopted as Standard, Revisions in: 


Methods of Sampling and Chemical Analysis of 
Soaps and Soap Products (D 460 — 54) 

Methods of Sampling and Chemical Analysis 
of Alkaline Detergents (D 501 — 57) 

Methods of Chemical Analysis of Industrial 
Metal Cleaning Compositions (D 800 — 45) 
Methods of Chemical Analysis of Soaps Con- 

taining Synthetic Detergents (D 820 - 46) 


Accepted for Publication as Information Only: 


Test for Sodium Alkylbenzene Sulfonate in 
Synthetic Detergents by Ultraviolet Absorp- 
tion 
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Committee D-15 on Engine Antifreezes: 


Report presented by R. E. Vogel, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Hydrometer-Thermometer Field 
Tester for Engine Antifreezes (D 1124-53 T), 
further revised by retaining the present 
values for hydrometers in Table I and in 
paragraph (1) of Section 11(b). 


Adopted as Standard: a 


Test for Ash Content of Concentrated Engine 
Antifreezes (D 1119 —- 53 T) 

Test for pH of Concentrated Engine Anti- 
freezes (D 1287 — 53 T) ‘ar 
Adopted as Standard, Revisions in: 
Test for Specific Gravity of Concentrated 
Engine Antifreezes by the Hydrometer 

(D 1122 - 53) 


Committee D-16 on Industrial Aromatic 
Hydrocarbons and Related Materials: 


Report presented by D. F. Gould, chairman, 
and the following action taken: 


Accepted as Tentative: 


Method for Calculation of Volume and Weight 
of Benzene, Toluene, and _ Paraxylene 
(D 1555 — 58 T) (Jointly with Committee D-2) 


Committee D-20 on Plastics: 


Report presented by F. W. Reinhart, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Abbreviations of Terms Relating to Plastics 
(D 1600-58 T), revised by the deletion in 
Section 2(a) of Poly(vinylidene chloride) 
eS PVC2, and the deletion in the Appendix 
of paragraph AS. 

Spec. for Glass Fabric Reinforced Epoxy Resin 
Laminates (D1592-58T) (Jointly with 
Committee D-9) 

Test for Dilute Solution Viscosity of Ethylene 
Polymers (D 1601 - 58 T) 

Test for Bearing Load of Corrugated Plastics 
Panels (D 1602 - 58 T) 

Test for Carbon Black in Ethylene Plastics 
(D 1603 - 58 T) 

Method for Measurement of Flatness of Plastics 
Sheet or Tubing (D 1604 - 58.T) 

Test for Time-to-Failure of Plastic Pipe Under 


28 Subsequent to the Annual Meeting, as a 
result of action of Committee E-1 with respect 
to ASTM Specifications for Hydrometers 
(E 100-57 T) an editorial revision was made 
changing the values for hydrometers to read as 
originally preprinted. 
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Long-Term Hydrostatic Pressure (D 1598 - 
58 T) 

Test for Short-Time Rupture Strength of 
Thermoplastic Pipe, Tubing, and Fittings 
(D 1599 —- 58 T), with editorial revisions, and 
revised by the addition of Section 7(e) 
covering fittings when tested alone and not 
in connection with a pipe specimen. 

Spec. for Nonrigid Vinyl Chloride 
Sheeting (D 1593 - 58 T) 

Spec. for Methylstyrene-Acrylonitrile Co- 
polymer Molding and Extrusion Material 
(D 1594 — 58 T) 

Spec. for Polymethylstyrene Molding and 
Extrusion Material (D 1595 — 58 T) 


Plastic 


Accepted as Tentative, Revisions in: 


Test for Tensile 
(D 638 - 56 T) 
Nomenclature of Descriptive Terms Pertaining 

to Plastics (D 675 — 57 T) 

Spec. for Cast Methacrylate Plastic Sheet, 
Rods, Tubes, and Shapes (D 702 - 56 T) 

Def. of Terms Relating to Plastics (D 883 - 
57 T), with the deletion of definitions for 
Urethane Plastics, Isotactic, and Forming. 

Spec. for Polyethylene Molding and Extrusion 
Materials (D 1248 - 52 T) 

Spec. and Methods of Test for Polychlorotri- 
fluoroethylene Molding and Extrusion Ma- 
terials (D 1430 — 56 T) 


Adopted as Standard: 


Test for Flammability of Flexible Thin Plastic 
Sheeting (D 1433 - 56 T) 

Test for Gas Transmission Rate of Plastic 
Sheeting (D 1434 - 56 T) 

Rec. Practice for Outdoor Weathering of 
Plastics (D 1435 - 56 T) 

Method of Sampling and Testing Plasticizers 
Used in Plastics (D 1045 - 55 T) 

Spec. for Nonrigid Poly(Vinyl] Chloride) and 
Copolymer Molding and Extrusion Com- 
pounds (D 1432 - 56 T) 


Accepted for Publication as Information Only: 


Test for Measuring the Surface Flammability 
of Plastics Using a Radiant Heat Energy 
Source 
The committee withdrew from the report 

as preprinted the following recommendations: 

(1) Proposed new Tentative Method of Test 

for Impact Resistance of Thin Plastic Sheet 

by Free Falling Dart Method; and (2) Proposed 
new Tentative Spec. for Woven Glass Fabric, 

Cleaned and Finished for Plastic Laminates. 


The revision of the Method of Test for De- 
flection Temperature of Plastics Under Load 
(D 648 — 56), set forth in the preprinted report 
under Revision of Tentatives, should have been 
indicated as an editorial change. 


Properties of Plastics 
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Committee C-1 on Cement: 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: =— 


Methods of Chemical Analysis of Portland | 
Cement (C 114-57 T) 

Methods of Sampling 
(C 183 - 55 T) 

Spec. for Portland Blast-Furnace Slag Cement 
(C 205 - 57 T) 

Spec. for Air-Entraining Additions for Use in 
the Manufacture of Air-Entraining Portland 
Cement (C 226 - 54 T) 

Spec. for Portland-Pozzolan Cement (C 340- 
57 T) 

Test for Air Content of Hydraulic Cement 
Mortar (C 185 - 55 T)” 

Test for Potential Alkali Reactivity of Cement- 
Aggregate Combinations (C 227 52 

Test for Bleeding of Cement Pastes and Mortars 
(C 243 - 57 T)® 

Test for Calcium Sulfate in Hydrated Portland 
Cement Mortar (C 265 — 57 T)* 

Test for Time of Setting of Hydraulic Cement 
by Gillmore Needles (C 266 - 51 T)® 

Method for Mechanical Mixing of Hydraulic 
Cement Mortars of Plastic Consistency 
(C 305 - 55 


Accepted as Tentative, Revisions in: 


Hydraulic Cement 


Adopted as Standard: 
Spec. for Slag Cement (C 358 57 T) 


Adopted as Standard, Revisions in: 


Spec. for Masonry Cement (C 91 - 57) 

Test for Compressive Strength of Hydraulic 
Cement Mortars (Using 2-in, Cube Speci- 
mens) (C 109 — 56)” 

Methods of Chemical Analysis of Portland 
Cement (C 114 53) 

Test for Fineness of Portland Cement by the 
Turbidimeter (C 115 — 53) 

Test for Autoclave Expansion of Portland 
Cement (C 151 — 56)” 

Test for Normal Consistency of Hydraulic 
Cement (C 187 — 55)” 

Test for Tensile Strength of Hydraulic Cement 
Mortars (C 190 — 49)” 

Test for Time of Setting of Hydraulic Cement 
by Vicat Needle (C 191 — 52)” 

29 The general recommendation concerning the 


addition of a requirement for relative humidity 
of a laboratory applies to this method. 
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Committee C-11 on Gypsum: 


Report presented in the absence of the 
chairman by R. H. Faber, and the following 
actions taken: 


Accepted as Tentative, Revisions in: 
Spec. for Precast Reinforced Gypsum Slabs 
(C 377 - 56 T) 


Spec. for Annular Ringed Nails for Gypsum 
Wallboard (C 380 - 56 T) 


Adopted as Standard, Revisions in: ‘ 


Spec. for Gypsum Plasters (C 28 — 55) tes 
Spec. for Gypsum Wallboard (C 36-55) 
Def. of Terms Relating to Gypsum (C 11 -— 55) 
The revisions for immediate adoption set 
forth in the preprinted report of Standard 
Specifications C 317 — 55 and Standard Methods 
C 26-56 comprise editorial changes which were 
made in the standards in 1957. Accordingly, 
these revisions will be deleted from the report. 


Committee C-13 on Concrete Pipe: 
Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 
Accepted as Tentative, Revisions in: 
Spec. for Concrete Pipe for Irrigation or Drain- 
age (C 118 — 56) 
Adopted as Standard, Revisions in: 


Spec. for Concrete Sewer Pipe (C 14 - 57) 


Committee C-14 on Glass and Glass 
Products: 
Report presented in the absence of the chair- 


man by R. E. Hess, and accepted as a report of 
progress. 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented by J. W. Whittemore, 
chairman, and the following actions taken: 


Adopted as Standard, Revisions in: 


Spec. for Sewer Brick (Made from Clay or 
Shale) (C 32 —- 50) 

Spec. for Building Brick (Solid Masonry Units 
Made from Clay or Shale) (C 62 - 57) 
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Committee C-16 on Thermal Insulating 
Materials: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


Accepted as Tentative: 


Test for Mechanical Stability of Preformed 
Thermal Insulation by Tumbling (C 421- 
58 T) 

Method of Making and Curing Test Specimens 
of Mastic Thermal Insulation Coatings 
(C 419 - 58 T) 

Test for Thermal Conductivity of Insulating 
Materials at Low Temperatures by Means of 
the Wilkes Calorimeter (C 420 - 58 T) 


Adopted as Standard: 


Spec. for Molded Cork Pipe Insulation for Low 
Temperatures (C 339 - 55 T) 

Spec. for Cellular Glass Thermal Insulation for 
Pipes (C 381 — 56 T) 

Test for Breaking Strength and Calculated 
Flexural Strength of Preformed Block-Type 
Thermal Insulation (C 203 — 55 T) 

Test for Wet Adhesion of Thermal Insulating 
Cements to Metal (C 383 - 56 T) 


Committee D-8 on Bituminous Water proof- 
ing and Roofing Materials: 


Report presented by H. R. Snoke, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Methods of Sampling and Testing Felted and 
Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and 

Roofing (D 146 — 56 T) 


Methods of Testing Asphalt-Base Emulsions for 
Use as Protective Coatings for Built-Up 
Roofs (D 1167 - 51 T) 

Spec. for Asphalt Insulating Siding Surfaced with 
Mineral Granules (D 1226 - 52 T) 

Spec. for Asphalt Shingles Surfaced with Mineral 
Granules (D 225 — 54) 

Spec. for Asphalt Roll Roofing Surfaced with 
Mineral Granules (D 249 — 56) 

Test for Coarse Particles in Mixtures of Asphalt 
and Mineral Matter (D 313 - 41) 


Adopted as Standard: 


Spec. for Wide Selvage Asphalt Roll Roofing 
Surfaced with Mineral Granules (D 371- 
55 T) 

Methods of Testing Asphalt Insulating Siding 
Surfaced with Mineral Granules (D 1228 - 
52 T) 

Test for Staining Properties of Asphalts (Modi- 
fied Pressure Method) (D 1328 - 54 T) 

Test for Contact Compatibility Between Asphal- 
tic Materials (Oliensis Test) (D 1370-55 T) 
Methods of Testing Asphalt Emulsions for Use 
as Protective Coatings for Metal (D 1010- 

55 T) (Jointly with Committee D-1) 


4 
Adopted as Standard, Revisions in: Bs 


Spec. for Asphalt Roll Roofing Surfaced with 
Powdered Talc or Mica (D 224 - 55) 

Spec. for Asphalt Shingles Surfaced with Mineral 
Granules (D 225 - 54) 

Spec. for Asphalt Siding Surfaced with Mineral 
Granules (D 699 — 54) 


Standard Withdrawn: 


Spec. for Coal-Tar Pitch for Steep Built-Up 
Roofs (D 654 - 49) 
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FORTY-SECOND SESSION—SYMPOSIUM ON APPLICATION OF SOIL TESTING IN 


HIGHWAY DESIGN AND CONSTRUCTION” 


Committee D-18 on Soils for Engineering 
Purposes: 
Report presented by E. J. Kilcawley, chair- 
man, and the following actions taken: 


Accepted as Tentative: 

Test for Density of Soil in Place by the Sand 
Cone Method (D 1556-58 T) (Jointly with 
Committee D-4) 

Test for Moisture-Density Relations of Soils 
Using a 10-lb Rammer and an 18-in. Drop 
(D 1857 - 58 T) (Jointly with Committee D-4) 

Test for Moisture-Penetration Resistance Rela- 
tions of Fine-Grained Soils (D 1558 - 58 T) 
(Jointly with Committee D-4) 

Methods for Thin-Walled Tube Sampling of 
Soils (D 1587 - 58 T) 

Method for Penetration Test and Split-Barrel 
Sampling of Soils (D 1586 — 58 T) 


Accepted as Tentative, Revisions in: 


Test for Moisture-Density Relations of Soils 
p (D 698 - 57 T) (Jointly with Committee D-4) 


FRIDAY, JUNE 27, 2:00 p.m. 


(Symposium Continued from the Thirty-seventh Session) 


SESSION CHAIRMAN: E, J. KILcaAwLey 


Adopted as Standard, Revisions in: © 


Method of Preparing Soil Samples for Grain- 
Size Analysis and Determination of Subgrade 
Soil Constants (D 421 — 39) 

Test for Specific Gravity of Soils (D 854 - 52) 


Symposium Papers: 


Laboratory Methods of Compacting Granular 
Materials—E. J. Felt, presented by the 
author. 

Ohio’s Typical Moisture-Density Curves— 
J. G. Joslin, presented by the author. 

Soil Classification Scheme Based on Compaction 
Tests—J. L. McRae, presented by the 
author. 

Laboratory Shear Tests on Varved Clays and 
Their Application to Design—R. E. Machol 
(presented by title only). 

The Value of Soil Test Data in Local and 
Regional Road Planning—Martin Ekse, 
summary presented by H. B. Seed. 


Epitor’s Note.—The recommendations affecting standards referred to letter ballot were ap- 
proved when the ballot was canvassed on September 22. 
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Since the very beginning of history, 
man has faced the future with great 
courage and with feelings of deep con- 
cern over the dark unknown which lay 
ahead. It was with this great courage 
that ancient man and all of those who 
have gone before us met and mastered 
the great challenges of their unknown 
future. It is to them we are indebted for 
our great heritage of today. However, 
with this priceless inheritance we have 
also fallen heir to the great responsibility 
of meeting and mastering the great 
challenges of our future. 

You may well say that ours is a far 
greater responsibility today than those 
of yesteryear, with our ever-accelerating 
progress. Let us not, however, permit 
the magnitude of the absolute values 
to obscure the relative factors involved. 
Leave for a moment the consideration 
of our problems of the future and, in the 
“time machine” of your imagination, 
transport yourself from the comfort and 
security of your present surroundings, 
back twenty-five thousand years to a 
damp, dark cave in what is now Dor- 
dogne, France. 


IN THE BEGINNING 


Clad only in a tattered pelt, the shrill 
wintery blasts outside the cave chill you 
to the bone, and the howls of the wild 
animals stalking you chill the very mar- 


1 Vice-President and Director of Research, 
Belding Heminway Co., Inc., New York, N. Y. 
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row of these already well-chilled bones. 
You are cold; you are hungry; you may 
be desperately ill. You are superstitious; 
you are afraid; you are worried. Worried 
about the “future?” Hardly, since you 
are worried about your next meal; you 
are worried that you might not live to 
eat that meal even if you knew from 
whence it might come. Would you trade 
our responsibilities of today for those of i 
primitive man? I am certain that no one 
among us would entertain such an idea— 
for over the past 250 centuries our 
progress has been great and the benefits 
which have accrued to mankind are 
virtually beyond measure. 

Let us pause for a moment with our 
cave men to witness that which his- 
torians consider to be the first major step 
in the history of cilivization. We find 
our primitive man using simple stones as 
tools and as weapons for killing animals 
and fighting his enemies. Several of 
these stones he treasures above all others 
because they are of a more usable shape 
and have a somewhat sharp edge, and he 
eagerly seeks more of them. Then, 
through his primitive means of com- 
municating ideas, he learns that there is 
available in a strange and distant place 
—actually relatively but a short distance 
by our standards—a marvelous NEW 
MATERIAL which can be shaped into 
better, more efficient, sharper tools and 
more effective weapons. This material 
was not easy to obtain and must meet 


certain requirements. 
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44 A CONTINUING AND VITAL CHALLENGE 


EARLIEST RESEARCH AND STANDARDS 


It is of particular interest to us of the 
American Society for Testing Materials, 
which is dedicated to “research and 
standards for materials,” that we are 
observing, as primitive as it may be, the 
very earliest “research and standards 
for materials.” Now, what was this 
marvelous new history-making ma- 
terial? It was flint! Not the common 
variety that had lain on the surface of 
the earth, eroding for countless cen- 
turies, but the kind which was dug from 
beneath the surface. Primitive _re- 
search’had shown that this flint could be 
“flaked” so that it could be worked into 
various shapes with sharp edges. This 
must have been called “high-test flint,” 
and before our cave man would accept it, 
he tested it for “flaking” by striking to- 
gether two pieces, one held in each hand. 
Here we observe the earliest accepted 
“test method and standard for material.” 
Yet, as intriguing as this may be because 
of our specific technological interests, we 
must not lose sight of the significance of 
this to the progress of civilization. 


More New Horizons 


To mankind this was not only a new 
material—it was a NEW HORIZON. 
Historians tell us that this may be con- 
sidered the primary stimulus of our civi- 
lization. Our cave man now traveled 
many miles to the flint mines of northern 
Europe, some of which in existence to- 
day are reported to be over 17,000 years 
old. Ancient man traded furs and 
amber for this “high-test flint,” and it is 
generally agreed that this is the very 
first evidence of commerce or trade. 
This stimulated the development of var- 
ious means of the better communication 
of ideas, and certain archeologists claim 
that it can be shown that there were 
even traveling flint salesmen at that 
time. 


The centuries moved slowly, and the 
next step in progress was to be marked 
by a new material and a NEW HORI- 
ZON with the discovery of copper. 
Progress continued to move at a faster 
pace and we arrive at another NEW 
HORIZON, on which we find a new ma- 
terial—bronze! Associated with this 
“royal metal,” as it was often described, 
the horizon of civilization expanded 
rapidly to still another NEW HORI- 
ZON. Here we find another new material 
—iron; and with this material the hori- 
zons of civilized man have extended 
almost beyond our comprehension. 

As we have made this rapid passage 
through the pages of history there is one 
fact that stands out above all others. 
The history and progress of civilization 
are inseparable from materials. This has 
long been recognized by historians who 
have described these periods of our his- 
tory by the materials we saw on each 
NEW HORIZON: the Stone Age, the 
Copper Age, the Bronze Age, and our 
own Iron Age. 


MatTERIALS UseE—A YARDSTICK 


It is quite logical, therefore, that ma- 
terial usage may be considered a yard- 
stick of the progress of civilization, and 
in order that we may picture this growth 
let us consider the usage of iron in our 
period of this Iron Age. In the middle 
of the last century about 175 lb of iron 
were consumed per capita per annum in 
the highly industrialized countries. By 
the turn of the century, we were using 
approximately 440 lb; and by 1950 we 
were consuming about 1000 lb per capita 
per annum. We entered 1957 with a 
rate of approximately 1300 Ib, which 
means we have been doubling our con- 
sumption of iron approximately every 
thirty-five years. An even more dra- 
matic measure of our progress is rec- 
ognized in the use of electrical energy. 
Here we find that we double our use of 
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electricity approximately every ten that vital factor—materials—common 
years! to all engineering, and essential to all 


Thus we may contemplate our future 
with some quantitative estimate of the 
magnitude of the challenge which lies 
ahead. It is but necessary to consider 
the growth rate of our population and 
compound this with our accelerating 
usage rates of materials and energy to 
develop an array of astronomical num- 
bers which represent the requirements of 
our civilization by the year 2000. Time 
will not permit a recapitulation of these 
data; however, they may be dramati- 
cally translated into terms of the 
scientific and engineering brainpower 
required to meet this grea! challenge 
less than forty-two years hence. This 
era of exploding technology will require, 
by the year 2000, more than ten times 
the number of scientists and engineers 
we have among us today; and, what is 
far more serious, this is roughly three 
times the number which will be produced 
by our educational system at our current 
rate of production. This situation has 
deeply concerned thinking men and 
women in every walk of life, and en- 
lightened people everywhere have put 
their shoulder to the wheel in an effort 
to solve this vita! problem. 


ASTM’s GREAT RESPONSIBILITY 


You can be very proud of the impor- 
tant role which you individually and col- 
lectively through our great American 
Society for Testing Materials are play- 
ing and are destined to play in this im- 
portant program. To understand fully 
the importance of ASTM and its posi- 
tion of responsibility in America and the 
entire civilized world, it is important to 
recognize two fundamental facts: First, 
materials are the common denominator 
of all engineering; and, ‘second, the 
ASTM must be correctly described as 
the “American Society for Materials.” 
Thus, ours is the sacrec trusteeship of 


progress. 

The unreserved support and respect 
given the ASTM by the individual 
members of every branch of the sci- 
entific and engineering professions, by 
the many educational and _ research 
institutions of the nation, by our ever- 
growing industry, by the many agencies 
of our various local, state, and federal 
governments, and above all by nontech- 
nical people of very walk of life, is mute 
evidence of the recognition of the impor- 
tant role it has played and is destined to 
play in our future. It is not my inten- 
tion to recapitulate here the details of 
the outstanding contribution which the 
ASTM has made and is continuing to 
make, since this is well documented in, 
and by, our many publications and our 
monumental Book of Standards. It 
should be pointed out, however, that 
this support and respect has been earned 
by the ASTM through the responsibili- 
ties which it has assumed and discharged 
with distinction, through the dedicated 
efforts of its members, its myriad com- 
mittees, and its outstanding staff. 

Proud as we may be of our accom- 
plishments, our great challenge still stands 
before us. On every NEW HORIZON of 
every new day, we can truly say there 
is a new material with the need for new 
and more research and standards which 
is the fundamental responsibility of 
ASTM. Coupled with this is the re- 
sponsibility of the more effective com- 
munication of the information related to 
this common denominator of all engineer- 
ing to all engineers and scientists and 
thereby multiply their effectiveness and 
thus compensate in part for the antici- 
pated serious shortage in their numbers. 
Ours is the responsibility to stimulate 
and to assist in the field of scientific and 
engineering education, particularly in 
those areas related to materials. These 


b 


an 
. { 
i > 


46 A CONTINUING AND VITAL CHALLENGE 


are but a few of our responsibilities which 
will continue to grow and to change with 
the passing of time. 


WoRKING FOR THE FUTURE 


As you are aware, your Society is 
deeply conscious of these challenges and 
responsibilities and has currently under- 
way extensive programs on long-range 
planning, education, and other matters; 
to mention but one, the anticipated 
mushrooming demand for publication 
growth through this exploding tech- 
nology. Each member and each com- 


mittee is playing a vital part i in this pro- 


hia 


prom 


gram, and it is with pride that we can 
say that ASTM is a working Society 
and that it is working for the future! 

Likewise, it is unnecessary for me to 
say, I am sure, that I share your en- 
thusiasm and confidence in the ASTM 
and in its ability to meet every great 
challenge on every new horizon, since my 
thoughts of our distinguished Society, 
its members and its future, were well ex- 
pressed by Henry David Thoreau, the 
Sage of Walden Pond, when he said in 
“What I Lived For’: 

“To him whose elastic and vigorous 
thought keeps pace with the sun the 
day is a per | morning.” 

yisap petual morning 
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sputniks, guided missiles, jet aircraft, 
and basically the period when perhaps 
for the first time there was mass realiza- 
tion of the significance of scientific 
training and scientific research. 

What did ASTM do in this period? 
Did it progress or remain static? 

With all the emphasis on science there 
was also an increasing realization of the 
significance of materials. In many fields 
the cries were for newer and better ma- 
terials to stand higher temperatures and 
heavier stresses. 

But this is not a new situation. Ever 
since ASTM came into being in 1898, 
each year has seen industry and govern- 
ment bringing new problems to the 
Society for study. Many of the answers 
can be obtained only through coopera- 
tive work, and the whole philosophy of 
our national technical Society is based 
on this premise—cooperation between 
the producer and consumer, between 
government and industry, between pro- 
fessional and technical societies. 

The tremendous breadth of ASTM 
work involving so many different ma- 
terials makes it impossible to summarize 
in this Directors’ Report even the new 
work started for the first tin e, let alone 
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Reports of Administrative Committees: 


Appendix IV—On District Activities. 
Appendix V—On Research . : : 
Appendix VI—On Simulated Service im: 


the completion of many other research 


1957-1958 was the period of 


and standards projects previously ini- 
tiated. The reports of the some 80 main 
technical committees comprising some 
600-800 pages as preprinted, and the 
ASTM BULLETIN are the only means of 
gaining a comprehensive picture of what 
is transpiring. However, some major new 
activities are noted in the succeeding 
section entitled ‘Technical Activities,” 

There are many outstanding examples 
where cooperative work between dif- 
ferent industries and associations has 
made remarkable developments—for 
example, the electric power field started 
on a commercial basis 75 years ago last 
September 4 when the Pearl Street 
Edison Central Station went into opera- 
tion. What a far cry from that small but 
significant project to those now on the 
drawing boards or under construction 
with operating temperatures contem- 
plated of 1200 F or greater and pressure 
of 5000 psi. Many have contributed to 
make these new 300,000- or 400,000-kw 
turbine generators possible, including 
several ASTM committees which through 
research and standards have contributed 
to the production and use of better ma- 
terials. 

It is pleasant to contemplate accom- 
plishments, but what of the future? 


Appendix II—On Standards............... 
Appendix III—On!Papers and Publications. . 
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10-Year Planning Committee: 


What kind of service will industry and 
Government be expecting from ASTM 
in 1968? Is our present organization suffi- 
cient to meet the needs? 

Should ASTM standardization work 
be pushed more actively? Is the Society’s 
name a misnomer considering that it is 
not a Society for Testing but the out- 
standing technical organization for ma- 
terials technology? 

These, a part of some 60 penetrating 
questions, are now being studied by a 
Long-Range Planning Committee ap- 
pointed by the Board of Directors. Other 
officers and members are helping and 
more will be asked to participate. 
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The objective is to anticipate as best 


~ we can how the Society should be set up 


to give the services expected. It is felt a 
look ahead of about 10 years is all that 
can be reasonably expected. Some recom- 
mendations from the Long-Range Plan- 
ning Committee have already been ap- 
proved by the Board (see later pages of 
this report), and more will be forthcom- 
ing. 

In the midst of these studies the 
Society is hard pressed to keep abreast of 
the steady demands made on it, the very 
extensive and expanding publication 
schedule, and coordination of the many 
technical activities. 

As one steps aside from the intensive 
activities he is impressed by the tre- 


al HIGH LIGHTS, 1957 FINANCIAL OPERATIONS “a 
1957 1956 1955 
[Gross Receipts: 
Membership Dues............... $283 400 $269 000 $252 100 f 
Sales of Publications............. 623 900 695 950 521 500 | 
bade 113 400 117 600 78 200 | 
$1 020 700 | $1 082 550 $851 800 | 
Expenditures: 
$360 200 $309 400 $305 400 | 
430 200 342 300 350 000 
237 800 244 800 196 000 
$1 028 200 $896 500 $851 400 | 
Favorable Operating Balance........ $186 050 $400 
Net Assets: 
$271 500 $269 450 $277 700 | 
a Investments and Cash............ 1 251 300 $1 048 315 880 500 pe 
des $1 559 700 | $1 350.665 | $1 187 700 
i Asset Equity of Each Member....... $170 $160 saz | 
[Number of Members............... 9 159 8 408 8 079 ] 
1957 1956 1955 
— 
Pages of Publications.............. 10 276 10 540 18 742 | 
Number of Employees............ 78 75 a 
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mendous outpouring of service—techni- 
cal skills, research facilities, financial 
backing—which the Society receives from 
its members, committee members, and 
friends. This great aggregate marshalled 
under the Board and its technical com- 
mittees is responsible for the tremendous 


gaff 
‘ Wo 


negate 


Tue technical committees, of which there are some 80 main 
commillees and hundreds of subcommittees and sections, are 
really the “heart” of ASTM. Their annual reports as pre- 
printed, covering important research and standards activities, total 
some 600 to 800 pages. Members receive preprints on request and 
thus are currently posted on major work of interest. In this Di- 
rectors’ Report, reference is made only to significant changes in 


Technical Activities 
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outpouring of technical services the 
Society has been so gratified to make. 

With the increasing tempo of technical 
progress—and exploding technology— 
we must continue to count on these and 
additional sources of help in order to 
meet the challenges. 
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committee scopes and to important major new work. 7 


Revised Committee Scopes and Juris- 
dictions: 


Committee D-8 has received authoriza- 
tion of the Board to include bituminized 
fiber pipe in its activities. The title of the 
committee is therefore being changed 
from Committee D-8 on Bituminous 
Waterproofing and Roofing Materials to 
“Committee D-8 on Bituminous Roofing, 
Waterproofing, and Related Building 
and Industrial Materials,” and the scope 
is being revised to read as follows by the 
deletion of the words in brackets and the 
addition of the words in italics: 


“The formulation of specifications, meth- 
ods of test, and definitions of terms pertain- 
ing to bituminous [waterproofing, roofing and 
siding] materials and products for building 
and industrial use.” 


The scope of Committee E-13 on 
Absorption Spectroscopy is being 
changed from its present form, namely, 


“The coordination and formulation of 
methods of spectroscopic analysis by absorp- 
tion, fluorescence and scattering tech- 
niques,” 


“The advancement of the fields of spec- 
troscopy involving molecular, atomic, or 
nuclear absorption, and fluorescence, scat- 
tering, or polarization, by promoting ex- 
change of information, by sponsoring 
meetings and symposia for presentation of 
papers, by standardizing nomenclature re- 
lating to absorption spectroscopy, and by 
coordinating and formulating scientific prac- 
tices and methods of analysis in these 


fields.” 


Major New or Suggested Activities: 


Constantly there are brought to the 
Society suggestions for standardization 
or research work in fields which have not 
previously been covered. These sugges- 
tions are always welcome and the Board 
of Directors gives careful consideration 
to them. Usually, following preliminary 
discussions with leaders in the field, 
representing both consumer and _ pro- 
ducer, a conference will be called with 
rather widespread representation. This 
group may then make specific recom- 
mendations or ask that further informa- 
tion be obtained before reaching conclu- 
sions. 

It should be remembered too that con- 


to read: 


stantly the existing main technical com- 
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mittees of the Society are undertaking 
new work for new products and materials 
which are covered in their scopes. Thus 
each year there are from 75 to 100 or 
more new standards issued covering 
important tests or specification require- 
ments. These are publicized in the ASTM 
BULLETIN, in the annual reports of the 
committees, and in the technical press. 

Certain new activities of a major ac- 
tivity are noted here: 


Flexible Barrier Material—A _ con- 
ference of interested persons, held at 
Society Headquarters on May 28, 1957, 
recommended that a new technical com- 
mittee be established. A steering com- 
mittee organized at the conference held a 
meeting and agreed upon three types of 
materials for possible consideration, 
namely, basic materials, combined or 
composite materials, and barrier appli- 
cations. Following approval by the 
Board, the committee held an organiza- 
tion meeting on December 12, 1957, and 
recommended the following scope which 
has received Board approval: 


“The development of definitions of terms 
and nomenclature, methods of test and speci- 
fications for flexible barriers, including basic 
and composite materials and their applica- 
tions, and the promotion of research in this 
field. Standards covered by other ASTM 
committees shall be used when applicable.” 


The committee has been designated 
“Committee F-2 on Flexible Barrier 
Materials.” (The F series are “use” 
committees in areas where one or more 
basic materials may be involved.) 


Halogenated Organic Solvents and 
Solvent Mixtures—A new ASTM com- 
mittee on Halogenated Organic Solvents 
and Solvent Mixtures was recommended 
at a December, 1957, conference at- 
tended by a large group of consumers 
and producers. It was originally visual- 
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ized as a use committee but a materials 
committee was recommended covering 
halogenated solvents, whatever their 
use, except for certain solvent require- 
ments now under the jurisdiction of 
Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products and sol- 
vent materials now under the jurisdic- 
tion of Committee D-2 on Petroleum 
Products and Lubricants. The Board ap- 
proved the formation of this new com- 
mittee. The tentative scope for this pro- 
posed new committee, worded so as to 
avoid overlap and duplication with other 
ASTM committees concerned with sol- 
vents, is set forth below: 


“The promotion of knowledge pertaining 
to halogenated organic solvents and admix- 
tures thereof including formulation of speci- 
fications, definitions, and methods of test.” 


The committee is holding its organiza- 
tion meeting during the ASTM Annual 
Meeting in Boston. A steering committee 
under the chairmanship of M. A. Pinney 
of the Pennsylvania Railroad Co., a 
member of the ASTM Administrative 
Committee on Standards, is planning the 
organization. 


Cellular Materials—Although some 
work has been carried on in certain of the 
technical committees covering cellular 
materials, several existing committees 
are concerned with various aspects of 
these materials. To avoid duplication of 
effort and to channel some of the activi- 
ties, a coordinating committee was ap- 
pointed several years ago, but recently 
Committee D-20 on Plastics recom- 
mended that a new technical committee 
be established and that it be given juris- 
diction of work which should be under 
way or under consideration in six exist- 
ing main committees. The Board has 
referred this suggestion to the coordinat- 
ing committee for resolution, if possible, 
and advice. 
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Industrial Chemicals—A study and 
advisory committee on Industrial Chemi- 
cals was appointed by the Board to con- 
sider various recommendations from 
earlier conferences and in general to 
advise the Board on new work in this 
field which would be constructive and 
receive the support of producer and 
consumer. This group, headed by W. A. 
Kirklin of Hercules Powder Co., has 
held several meetings and its latest 
recommendation, part of an extensive 
report, is that there be formed a new 
““E” committee to be responsible for test 
methods and related standards applica- 
ble to the broad field or families of such 
chemicals. 

The title proposed for the new com- 
mittee is “Committee E-15 on Analysis 
and Testing of Industrial Chemicals”; 
the proposed scope is as follows: 


(a) To develop or formulate standard 
methods for the analysis and testing of in- 
dustrial chemicals.* 


Nore.—Specifications are not included within 
the scope of this committee. 


(6) In cooperation with other committees 
of the Society, to coordinate and reconcile 
chemical analytical methods for nonmetallic 
materials and chemicals that are broadly 
applicable and, where appropriate, to de- 
velop or formulate such methods. 

(c) To encourage the use of uniform 
methods of analysis. 

(d) To formulate standards for nomencla- 
ture, definitions and methods of sampling 
pertaining to analysis and testing of indus- 
trial chemicals and chemical analysis of 
nonmetallic materials. 

(e) To establish precision and accuracy 
of standard analytical methods and test 
methods for chemicals. 

(f) To encourage the establishment of new 
product committees in the field of industrial 
chemicals where needs become evident. 


* Industrial chemicals as used in this scope 
are defined as follows: ‘‘Single elements or com- 
pounds in various stages of purity for consump- 
tion primarily by the chemical industry for 
further conversion.” 
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Coated Abrasives and Abrasive Grain.— 
The subject of standards on abrasives 
has been considered for some time. There 
are two principal areas, the coated abra- 
sive field and abrasive grains per se. 
Discussions have been held with repre- 
sentatives of associations and companies 
in the field, and while no new committee 
has yet been recommended, a 


Method of Test for Bulk Density of 
Abrasive Grain, prepared by the Abra- 
sive Grain Assn., is being referred to 
Committee E-1 on Methods of Testing 
for processing. 


Cermets.—The Board of Directors ap- 
pointed a study committee under the 
temporary chairmanship of Past-Presi- 
dent N. L. Mochel, which met in St. 
Louis during ASTM Committee Week 
and elected J. R. Tinklepaugh of Alfred 
University as permanent chairman. The 
members agreed to review existing 
ASTM and other standards as to their 
adaptability to use with cermets, with 
or without modification. Further meetings 
of the study committee are to be held. 
Whether a new technical committee will 
be recommended depends on the outcome 
of these meetings. It would seem that 
some constructive work involving both 
research and standards could be carried 
out under Society auspices. 


Bulk Sampling—Committee E-11 on 
Quality Control is considering means to 
implement and keep constant pressure 
behind recognized sampling or bulk 
sampling methods. This may require 
engaging a competent technical indi- 
vidual to work solely in this field under 
Committee E-11 or some joint auspices. 
A symposium on bulk sampling is being 
held at the Annual Meeting in Boston. 


Gaskets.—At a conference on May 1 in 
Philadelphia with over 70 persons present 
representing producers and consumers, 
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other technical societies, and the U. S. 
Government, all concerned with this 
field, it was decided to appoint a study 
committee to develop proposals of how 
ASTM could render further service in this 
field. Committee D-11 on Rubber and 
Rubber-Like Materials has had an active 
subcommittee for many years with several 
standards resulting. There are essentially 
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four broad areas to be considered, 
namely, (1) material tests and specifica- 
tions, (2) design considerations, (3) 
performance specifications, and (4) 
dimensions and related problems. This 
group, which is to meet in the near future, 
is expected to make recommendations as 
how best the ASTM can function in this 


National and Other Meetings 


ly Research and Standards for Materials, as in many other Colds SEAR 
fields, it is essential the participants meet occasionally to share al 
information, review progress, and plan for the future. 


1957 Annual Meeting: 


The Annual Meeting in Atlantic City, 
June 16-21, 1957, the Society’s Sixtieth, 
included more than 800 meetings of 
technical committees with as many as 
60 running simultaneously, some 30 
technical sessions, and numerous special 
luncheons and dinners. All of the com- 
mittee reports and a number of the 
technical papers appear in the 1957 
Proceedings, and numerous technical 
papers organized as symposiums or 
special sessions have been issued as 
separate special technical publications 
(STP’s). Everyone at the meetings bene- 
fits from the technical and committee 
programs. There was a review of ac- 
complishments, and plans were made 
for the year ahead. A condensed ac- 
count of the meeting, but still covering 
32 pages, is featured in the July 1957 
ASTM BULLETIN. 


1958 Committee Week: 


For the first time Committee Week 
was held west of the Mississippi—in St. 
Louis throughout the week of February 
10. This period provides committees 


another opportunity to discuss and work 
on their problems. The coordinated com- 
mittee program has been found to be 
more convenient for the hundreds of 
committee members who serve on dif- 
ferent groups which otherwise might 
meet at different places at different 
times. There were about 280 committee 
meetings during this week. 

As indicated under district activities, 
the Committee Week was featured by 
two industry luncheons—one on steel, 
the other, chemicals—and an outstand- 
ing dinner. 


District Cooperation and National Meet- 
ings: 

One of the very effective ways in 
which ASTM districts help the Society 
is by serving as a nucleus for local com- 
mittees on arrangements for national 
meetings. The Philadelphia District 
consistently has sponsored ladies’ en- 
tertainment and annual banquets at the 
Atlantic City Meetings, and the St. Louis 
District, through a general committee, 
deserves much credit for the outstanding 
success of the 1958 Committee Week 
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special features. The 1958 Annual Meet- 
ing that is to be held in Boston through- 
out the week beginning June 22 has a 
very strong technical program. There is 
to be an extensive apparatus exhibit, and 
again hundreds of committees will meet. 
The General Committee on Arrange- 
ments formed by the New England Dis- 
trict has many special events planned for 
the ladies and others. In addition to the 
President’s Annual Luncheon, four spe- 
cial industry luncheons are being held 
covering Road Materials, Petroleum, 
Copper and Brass, and Instruments and 
Apparatus Industries. 


Future Meetings: 


Annual Meetings of the Society have 
been scheduled as follows: 


District and Related Activities 


i ITH our membership coming from all professional fields, lo- 
cal activities are not handled through chapters but through fifteen 
ASTM districts operated by councils which in various ways ef- 
fectively promote ASTM work in their areas. For many members 
district activities provide a means of meeting national and local 


ASTM officers. 


During the year the activities of local 
Districts continued to occupy an im- 
portant role in advancing the work of 
the Society. A new District, the South- 
eastern, was established, recognizing the 
industrial advances in this section of the 
country. A new Society District in 
Central New York is in the process of 
organization as is a new District in the 
Rocky Mountain area. 

The Student Membership Awards 
Program has reached a new high with 
over 450 presentations made this year. 
Nine Districts have active programs. 
Three Districts have programs under 
study and one will renew its program next 
year. 


President Kropf, in keeping with 


the pattern set by past presidents, toured 
the nation and spoke at many District 
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June 22-27, 1958—Boston, Mass. 
June 21-26, 1959—Atlantic City, N. J. 
June 26-July 1, 1960—Atlantic City, N. J. 
June 25-30, 1961—Atlantic City, N. J. ; 
June 24-29, 1962—New York, N. Y. 
June 23-28, 1963—Atlantic City, N. J. 
Committee Week and Spring Meet- 

ings: 
February 2-7, 1959—Pittsburgh, Pa. 
February 1-5, 1960—Chicago, II. 
January 29-February 3, 1961—Cincinnati, 

Ohio 

February 5-9, 1962—Dallas, Tex. 


February 3-8, 1963—Montreal, 
Canada 


Quebec, 


Pacific Area National Meetings: 


October 11-16, 1959—San Francisco, Calif. 
September 30-October 5, 1962—Los Angeles, 


and related meetings. E. P. Partridge, the 
1957 Marburg lecturer, addressed two 
Districts and Alvin J. Herzig, 1957 Gil- 
lett Memorial lecturer, addressed three 
Districts, as indicated in the accompany- 
ing chart. A one-day meeting on “Life 
Testing” was held in Albuquerque, N. 
Mex., at which time plans for the Rocky 
Mountain District were also formu- 
lated. 

The accompanying chart shows that 
29 District meetings were held this year, 
several with very high attendance. The 
majority of the meetings were jointly 
sponsored with other technical and pro- 
fessional groups. News accounts of these 
meetings carrying speakers, subjects and 
cooperating groups and institutions ap- 
peared in various issues of the ASTM 


District Meetings: 


New York District 

St. Louis District (jointly with AWS) 

New England District 

Southwest District (jointly with Tex. Soc. 
of Prof. Engrs., AIChE, ACS, NACE, 
ASCE) 

Western New York District 

Pittsburgh District (jointly with Amer. 
Ceramic Soc.) 

Ohio Valley District (jointly with ACS, 
ASM 


Detroit District 
Northern Calif. District (jointly with Na- 
tional Assn. of Power Engrs.) 
New York District 
Southwest District (with So. Regional 
Res. Lab., Dept.of Agric.) 
Southeastern District re 


Washington District 

Philadelphia District 

Southern Calif. District (jointly with 
ASM) 

New Mexico (Special meeting) 


Northern Calif. District (jointly with 
ASME) 


Southwest District (jointly with ASTM 
Committee D-2) 

New York District (with N. Y. Paint & 
Varnish Club) 

Philadelphia District 

Ohio Valley District (jointly with ASTM 
Committee D-1) 

Chicago District (with 1958 Nuclear Con- 
gress) 

Washington District (jointly with ASTM 
Committee D-13) 

Cleveland District (jointly with ASM) 

Detroit District 
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September 26, 1957 
October 10, 1957 
October 31, 1957 
November 11, 1957 


November 11, 1957 
November 12, 1957 
November 12, 1957 


November 13, 1957 
November 15, 1957 


November 19, 1957 
November 19, 1957 


November 20, 1957 
November 21, 1957 
November 25, 1957 
January 23, 1958 
January 27, 1958 
January 30, 1958 
February 3, 1958 
February 6, 1958 


February 18, 1958 
March 6, 1958 


March 19, 1958 
March 20, 1958 


April 1, 1958 
April 21, 1958 


ae 
NY. 
St. Louis, Mo. 
Cambridge, Mass. 
Houston, Tex. 


Buffalo, N.Y. 
Pittsburgh, Pa. 


Columbus, Ohio 


Detroit, Mich. 
San Francisco, Calif. 


New York, N. Y. 
New Orleans, La. 


Columbus, Ga. and Shaw- 
Raleigh, N. C. 
Philadelphia, Pa. 

Los Angeles, Calif. 
University of New Mexico, 
Albuquerque, N. Mex. 
San Francisco, Calif. 

Houston, Tex. 


New York, N. Y. 


Philadelphia, Pa. 
Louisville, Ky. 


Chicago, Ill. 
Washington, D. C. 


Cleveland, Ohio 
Detroit, Mich. 


Pittsburgh District April 30, 1958 Pittsburgh, Pa. 
Western New York-Ontario District May 16, 1958 Bufialo, N.Y. a 

St. Louis (jointly with Washington Univ.) May 17, 1958 St.Louis, Mo. 
Philadelphia District (jointly with ASQC) May 21, 1958 Trenton,N.J. | 


The St. Louis District organized a large 
General Committee to be host to the 
Committee Week meeting in February. 
Two industry luncheons were held, in the 
fields of Steel and Chemicals, with ad- 
dresses respectively by N. P. Veeder, 
President, Granite City Steel Co., and 
Carroll A. Hochwalt, Vice-President, 
Monsanto Chemical Co. At the St. 
Louis Dinner, William M. Holaday, a 
member of the Society, and Director of 
Guided Missiles, Department of De- 
fense, was the featured speaker. Many of 


St. Louis’ industrial leaders were at the 
head table or in the audience. 

The Philadelphia District acted as 
hosts for the 1957 Annual Meeting, spon- 
soring the ladies’ entertainment and the 
entertainment following the annual 
banquet. The New England District will 
handle similar arrangements for the 1958 
meeting in Boston. 

In addition to technical sessions, the 
Districts have played an active role in 
local technical councils, science fairs, and 
the Society’s Advisory Committee on 


The Administrative Committee on 
District Activities held a meeting during 
the 1957 Annual Meeting and sponsored a 
breakfast to which District Council 
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PORE 
Recommendations to Increase the Num- 
ber of Directors; Raise Company and 
Sustaining Members’ Dues: 


Based on suggestions from the Long- 
Range Planning Committee, the Board 
of Directors has carefully considered two 
proposals—one to increase the number of 
Directors from fifteen to eighteen, and 
the other to raise the dues for Company 
and Sustaining Members. The Board 
recommends to the members that appro- 
priate revisions in the By-laws be made 
to effectuate these changes. 

The reason for a larger Board is prob- 
ably obvious. The Society’s work is ex- 
panding into many new areas and there 
should be representation from a number 
of these on the Board from time to time. 
A larger Board also will help in the work 
of the Board’s subcommittees by per- 
mitting somewhat larger subgroups and 
avoiding duplication of membership. 

To effectuate the proposed new re- 
quirement for 18 Directors, it is ex- 
pected the 1959 Nominating Committee 
will present nominees for eight Directors 
instead of the previous five, designating 
by selection or by lot two who would 
serve respectively for one and two-year 
terms. After this period, new Directors 
would have a normal three-year term. 

A careful scrutiny of the Society’s 
financial operations by the Long-Range 
Planning Committee and especially by 
the Finance Committee,. during which 
the importance and value of the Society’s 
work to industry was emphasized, re- 
sulted in the recommendation that the 
annual dues for Company Members be 
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Officers were invited. Once again, this 
proved an excellent opportunity for the 
exchange of ideas relating to the pro- 
motion of the Society and its activities. 


Revisions in ASTM By-Laws 


increased from $50 to $75 and for Sus- 
taining Members from $150 to $200 
effective in 1959. The present privileges 
of these two classes will continue, in- 
cluding that of designating different 
technically qualified individuals to serve 
on diverse committees to which the com- 
pany may be elected and, in the case of 
the Company Membership, that of re- 
ceiving publications on the same basis as 
the individual. 

Sustaining Members will continue to 
receive on request a copy of every book 
issued by the Society and also receive 
special consideration in connection with 
the Book of ASTM Standards and the 
ASTM Bu ttetin. This class of member- 
ship was established in the 1930’s to 
enable the larger organizations and asso- 
ciations which benefit inherently more 
from the activities of ASTM than do 
individuals and smaller companies to 
help keep ASTM finances on a sound 
basis and permit the steady expansion 
of ASTM services. Currently there are 
almost 400 Sustaining Members. 

As with most operations, the cost of 
operating the Society is on the increase; 
and since printing and publications costs 
have increased drastically in the past 
five years, it was felt the need for these 
nominally increased dues would be un- 
derstood. With the constantly increas- 
ing number of publications, membership 
is also increasing in value. 

No changes are currently contemplated 
in the dues for Individual, Associate, or 
Student Members. 

The following revision in the By-laws 
will be required: 


is 
4 
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Article II. Officers and Their Election 


Section 1. Amend Section 1 by the dele- 
tion of the word in parentheses and the ad- 
dition of the italicized word: 


“The officers of the Society shall be a 
President, two Vice-Presidents, (fifteen) 
eighteen Directors, and an _ Executive 
Secretary.” 


Sec. 2. Amend the last sentence of Sec- 
tion 6 by the deletion of the word in paren- 
theses and the addition of the italicized 
word: 

“The Directors shall hold office for 


three, years and shall be so classified that 
the terms of office of (five) six v Directors 
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Article VIII. Dues 


Amend the second sentence of Section 1 
by the deletion of the figures in parentheses 
and the addition of the italicized figures: 

“The annual dues, payable in advance, 
shall be as follows: For Individual Mem- 
bers, $18; for Company Members, ($50) 
$75; for Sustaining Members, ($150) $200; 
for Associate Members, $10; for Student 

Members, $2.” 

The above revisions are subject to 
action at the Annual Meeting and letter 
ballot approval of the Society. If ap- 
proved at the Annual Meeting, they will 
be included as items on the letter ballot 
to be sent to each member after the An- 


shall expire each year.’ nual Meeting. 


‘yy 
f| O insure the Society’s growth not only numerically but also 


along technical lines, companies and individuals must be ac- 


quainted with our work and asked to participate. Thus we are emiy 
obviously concerned with membership growth. This has not been 
spectacular but is constantly increasing in all classes. 91 


On May 1, 1958, the membership of 
the Society totaled 9359, compared with 
a total of 8836 one year ago. Gains and 
losses in various classes of membership 
are shown in the following table: 


total membership was 6438, and in 1938 
it was 4156. 

In 1957 there were almost as many new 
members as in the previous high year, 
1956—1002 compared to 1014. The 


Membership Losses Additions Total 
May 1,/ May 1,| Resig- a Trans- | Trans-| Elec- ~ In- 
1957 1958 | nations & Death fer fer tion Loss | Gain creases 
Honorary... 25 29 2 2 tee 4 4 
Pc rpetuity and Life 13 13 tee 
Sustaining . 382 417 2 5 39 3 7 42 35 
Company, Firm, etc. 1967 2041 63 9 44 16 174 116 190 74 
Individual, etc. 6263 6603 329 90 46 13 16 802 478 818 340 
Associate........... 186 256 15 7 ll 103 33 103 70 
ee 8836 | 9359 | 409 106 46 73 | 73 | 1084 | 634 | 1157 | 523 
Student........ 806 | 1031 87 | 405 | 2 | 746 | 521 746 | 225 


It is interesting to compare our pres- 
ent membership of 9359 with the figures 
for ten and twenty years ago; in 1948 our 


va 


average in several previous years was 
from 602 to 775. Our net gain in 1957 
was 523. 


— 


| | 
— 


The number of company and sustain- 
ing members continues to grow. 


Associate and Student Memberships: 


The class of Associate Membership, 
which extends to 30 years of age and re- 
placed the former junior membership 
with its 27-year age limit, seems to have 
met with favor, considering the substan- 
tial growth in this class, as noted in the 
table. 

Because of the influence of student 
membership prize awards, which recog- 
nize outstanding students in courses re- 
lated to the Society’s work, there has 
been a very encouraging growth in this 
class. The Society itself and many of the 
districts, in addition to individuals and 
companies, are sponsoring student mem- 
bership awards. 


Sustaining Members: 


There have been 42 new sustaining 
members in the period from May, 1957, 
to May, 1958, and seven resignations or 
transfer to company memberships. The 
new sustaining members are: Sen 

American Machine and Foundry Co. 

American Metal Climax, Inc. 

American Potash and Chemical Co., Whittier 

Research Laboratory 


American Window GlassCo. at 
Archer-Daniels-Midland Co. 


Atlas Powder Co. Library 
Bell Aircraft Corp. 
C. F. Braun and Co. 

Columbia Steel and Shafting Co. a 
Commercial Solvents Corp. 
Darling Valve and Manufacturing Co. 
Driver-Harris Co. | 
Electric Hose and Rubber Co. rs 
Fibreboard Paper Products Corp. ‘tA 
General Cable Corp. 
General Radio Co. 
Handy & Harman 


Holyoke Wire and Cable Corp, 
I-T-E Circuit Breaker Co. 


Kennecott Copper Corp. Ai oles 
Kuhlman Electric Co. al weil lo, 

The Martin Co. 


National Petro-Chemicals Corp. 


Neptune Meter Co. 
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Nichols Wire and Aluminum Corp. 
Nopco Chemical Co. 
Northwestern Steel and Wire Co. 
Orenda Engines, Ltd. 
Charles Pfizer and Co., Inc. 
Polymer Corp., Ltd. 
Portland Gas and Coke Co. 
The Richardson Co. 
The Ruberoid Co. 
Simplex Wire and Cable Co. eee 
Solvay Process Division, Allied Chemical 
Corp. 
Tele-Dynamics, Inc. 
Titan Metal Manufacturing Co. 
Triangle Conduit and Cable, Inc. _ 
Underwriters’ Laboratories, Inc. hada) 
Usion Wi 
nion Wire Rope Corp. 
U. S. Rubber Co., Research Center 


50-Year Members: 


There are eight individuals and twelve 
organizations as noted below that this 
year have been connected with the 
Society continuously for 50 years. 


. Austi 

Roland P. Davis 
Prévost Hubbard 

Albert J. Loepsinger 

Frank M. Masters na 


Charles E. Paul 
H. H. Scofield Sieh J 


Brown University, Division of Engineering 
Columbia Steel and Shafting Co. 
Crane Co. 


General Electric Co. 
Abbot A. Hanks, Inc. 


International Paper Co. 7 
Laboratorio Central de Ensayo de Materiales 
de Construccion, Escuela de Caminos 


(Spain) 
Pecora Paint Co. ered 
Purdue University Library 
Joseph T. Ryerson and Son, Inc. 


Union Drawn Steel Div., Republic Steel a 
United States Pipe and Foundry Co. 


These members will be recognized at 
the Annual Meeting. 


40-Year Members: 


There are 35 members who this year 


_ have completed 40 years of membership, 

_ bringing the total number of certificates 
issued to the ‘‘Forty-Year Club” to 418. 


| 
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The members who will receive the 40- 
Year Certificates at this Annual Meet- 
ing are as follows: 


W. & T. Avery, Ltd. nner 
Bohn Aluminum and Brass Corp. 
J. G. Bragg eres 


The Bristol Brass Corp. 


Robert H. Brown 

Clay Products Assn. 

Columbia University Civil Engineering Re- 
search Laboratories 

Daniel Cushing 

Watson Davis 

Delco Appliance Div. of General Motors Corp. 

The Dow Chemical Co. 

Malcolm Duncan 

General Electric Co., Ltd., Witton Works 

The Glidden Co., Paint Division 

Granite City Steel Co. 

The Imperial Inst. me 

Iowa Malleable Iron Co. 

The M. W. Kellogg Co. et my 

William B. Kouwenhoven 

Lebanon Steel Foundry 

Lock Joint Pipe Co. a 

Louisville & Nashville Railroad Co. 

James T. MacKenzie 

Magnus Metal Div., National Lead Co. 

Missouri-Kansas-Texas Railroad Co. 

National Association of Purchasing Agents 

R. L. Sanford 


Seaboard Air Line Railroad Co. ane _ 


Sinclair Refining Co. 


The Syminton-Gould Corp. 


The Texas & Pacific Railway Co. 
Union Oil Co. of California 
James S. Vanick se 
H. H. Wermine 
Raymond W. Woodward 
Deaths: 
The Society has lost the following 46 
members through death (figures in 


parentheses are dates of membership): 


Adams, Comfort A. (1920) rr. 
Baker, W. E. Byron (1949) — 
Becker, William D. (1950) if eee 


Bennett, J. W. (1945) 

Breeze, Lewis K. (1953) 

Broughton, William Waite (1955) 
Brown, Warren G. (1943) - 
Cook, Leon D., Jr. (1947) a 98s 
Craig, R. W. (1952) 
Davis, E. T. (1952) oh 


ait 
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Smith, . (1952) 


Du Comb, William C. (1902) 
Dunning, R. E. 


Evans, Beverley A. (1955) 

Flickinger, L. C. (1948) 
Forbes, Duncan P. (1942) 
Fraser, W. R. (1937) 


Gordon, B. T. (1954) 
Hayes, T. D. (1945) 
Jameson, Arthur H. (1917) 
Jasper, T. McLean (1924) 


Kahn, Noah A. (1935) be Sk 
Kennedy, William A. (1941) 
Kepler, F. M. (1948) - 
Lutts, Carlton G. (1918)) 
MacLeod, Albert (1951) 


Mattimore, H. S. (1914 a 
McCreath, Lesley (1908) 
Merica, Paul D. (1915) 
Naudet, P. T. (1954) 
Olcott, Floyd B. (1934) 
Olmstead, Frank R. (1954) 

Piatt, William M. (1940) 
Preston, G. William (1938) 
Riedel, John Charles (1921) 
Schlick, W. J. (1920) 
Settle, J. E. (1953) 
Small, Ben Fag (1956) 


# 


Thatcher, Raymond L. 
Thulman, Robert K. (1954) -_ % 
Walford, J. B. (1951) 
Walter, L. W. (1903) 
Welch, L. E. (1942) 


Wiltsee, William P. (1920) 


In addition to the above, the follow- 
ing representatives of company members 
of the Society passed away: 


R. L. Albrook, Washington State Institute of 
Industrial Research 

G.H. Anderson, New England Power Service Co. 

F. G. Campbell, Elgin, Joliet and Eastern 
Railway Co. 

A. R. Carr, Wayne State University 

E. L. Cook, Seaboard Air Line Railroad Co. 

B. S. Court, Hayes Steel Products, Ltd. 

J. H. Crawford, Merrimack College 

M. C. Dailey, Kaiser Gypsum Co., Inc. 

J. W. Deaderick, American Lava Corp. 

F. X. Gilg, The Babcock & Wilcox Co. 

C. A. Gutenkunst, Jr., Milwaukee Malleable 
and Grey Iron Works 

G. B. Hatch, The Texas Company 


| 
| 
| 
| 


E. D. Johnson, City of Muskegon, Engineering 
Dept. 

H. L. Kennedy, Dewey & Almy Chemical Co. 
W. R. Kuenzel, Deering, Milliken and Co., Inc. 
R. C, Palmer, Newport Industries, Inc. 
Harold Rosenbloom, Thompson and Co. 
J. J. White, Erie Forge and Steel Corp. 
R. Apex Smelting Co. 
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Honors and Awards 
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A number of these men have been 
affiliated with the Society for many 
years and rendered outstanding services, 
particularly through work on the tech- 
nical committees. The various issues of 
the ASTM Buttetin have included ap- 
propriate notices and appreciation of 


their work. 


on 


Maw Y men have given outstanding service to the Society and 
ils fields of work. Each year ASTM honors men through election 


to national office and honorary membership, giving awards of es “ge J 
merit, and recognizing outstanding technical contributions. or 4 


Descriptions of the various awards as 
well as the personnel of the lecture and 
award committees are given in the ASTM 
Year Book. 

Recipients of honors and awards to be 
given at the 1958 Annual Meeting are 
indicated below: 

H. J. Ball (semi-retired), Professor of Textile 
Engineering, Lowell Technological Inst. 

T. S. Fuller (retired), long-time Engineer in 
Charge of the Works Laboratory, General 
Electric Co. 

J. L. McCloud (retired), long-time Director 
of Chemical Engineering and Chemical 
and Metallurgical Research, Ford Motor 
Co. 

J. G. Morrow, Metallurgical Engineer, The 
Steel Co. of Canada, Ltd. 


Honorary Membership: 


Award of Merit: 


O. P. Beckwith J. B. Rather, Jr. 


T. I. Coe f A. H. Scott 
R.H. Heilman B. F. Scribner 
C.P.Larrabee sy be M. A. Swayze 
F. V. Lenel a te L. J. Trostel 
J. J. Moran V. P. Weaver 


Recognition of Technical Papers: 


Charles B. Dudley Medal (research) — 
O. D. Sherby, T. A. Trozera, J. E. Dorn 
for their paper “The Effects of Creep 
Stress History at High Temperatures on 
the Creep of Aluminum Alloys.” 


Richard L. Templin Award (testing) — 
H. F. Robertson, D. Gross, J. Loftus for 
their paper “A Method for Measuring 
Surface Flammability of Materials Us- 
ing a Radiant Energy Source.” 

Sam Tour Award (corrosion).—W. G. 


Renshaw, R. A. Lula for their paper 
_“The Corrosion Properties of Chromium- 


Nickel-Manganese Austenitic Stainless 
Steel.” 

Sanford E. Thompson Award (con- 
crete, sponsored by Committee C-9).— 
T. S. Chang, C. E. Kesler for their paper 
“Correlation of Sonic Properties of 
Concrete with Creep and Relaxation.” 

C. A. Hogentogler Award (soils, spon- 
sored by Committee D-18)—D. M. 
Burmister for his paper ‘‘Application of 
Environmental Testing of Soils.” 


Recognition of Outstanding Contribu- 
tions: 

Max Hecht Award (industrial water, 
sponsored by Committee D-19)—F. R. 
Owens, President and General Manager, 
Cyrus William Rice and Co., Inc., Pitts- 
burgh, Pa. 

Committee D-12 Award (soaps and 
other W. Smither, 
Chemist, National Bureau of Standards, 
Washington, D. C. (retired), former 


chairman of Committee D-12. a 


| 
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Harold DeWitt Smith Memorial Medal 
(textiles)—S. J. Kennedy, Research 
Director, Textile, Clothing, and Foot- 
wear Division, Quartermaster Research 
and Development Center, Natick, Mass. 


ASTM Lectures: 


The Edgar Marburg Lecture on ‘“Man 
and Raw Materials” will be presented on 
Wednesday afternoon, June 25, at the 
Hotel Statler, Boston, Mass., by E. W. 


5 
if 
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Pehrson, Chief, Division of Foreign 
Activities, U. S. Bureau of Mines, Wash- 
ington, D. C. The H. W. Gillett Memorial 
Lecture on “High Temperature Metals— 
Their Role in the Technological Future” 
will be presented on Tuesday afternoon, 
June 24, also at the Hotel Statler, by 
Clyde Williams, President, Clyde Wil- 
liams and Co., Columbus, Ohio (for- 
merly President, Battelle Memorial 
Inst.). 


va 


Tue Finance Committee recognizes the importance of sound 
finances in underwriting much of the constantly expanding work. 


te 
ail jlow 


The Society’s financial condition has for years been relatively 


healthy. This is attributable to the excellent support received from 
industry, and also to the value of ASTM service—publications, > 


standards, research data. we 
aot! 
Report for 1957: 


Full details of the fiscal operations of 
the Society for 1957 are included in the 
report of the auditors appearing in Ap- 
pendix I af 24 
Operating Receipts: 

Our expectations that 1957 would be a 
good year income-wise were more than 
realized. The estimated receipts of 
$943,000 actually developed to be 
$1,020,700. Of this amount, receipts 
from dues and entrance fees were 
$283,400 or 27.7 per cent; receipts from 
sales of publications were $624,000 or 
61.2 per cent; and receipts from miscel- 
laneous sources consisting principally of 
advertising, income from investments, 
exhibits and registration fees totaled 


$113,300 or 11.1 percent. = 


wp call 


It will be noted that receipts from 

membership fees are again, for the fourth 

consecutive year, under 30 per cent of 

the total. 


Operating Disbursements: 


Total disbursements were $1,028,200 
which included $75,000 for the 1958 
Book of Standards reserve and $83,000 
to pay for the 1957 Proceedings and Book 
of Standards Supplements. 

A total of $431,000 was spent for pub- 
lications, which compares with $342,323 
for the previous year. Expenditures for 
salaries, which included extra summer 
help and considerable overtime, reached 
$360,200. This figure represents 35.0 per 
cent of total disbursements. Cost of em- 
ployee benefits, including the major 
medical policy and covering new partici- 
pants in the retirement plan, totaled 


$47,700. 


* Yo ant 
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Balance Sheet: 


On November 30 our total assets in 
General Funds were $1,017,100 compared 
to $819,600 a year ago. In all funds— 
General, Building, Medal, etc——total 
assets were $1,663,500 compared with 
$1,473,516 a year ago. It should be 
pointed out that in the Balance Sheet 
no account has been taken of the assets 
of the Society in the form of publications 
in stock. This is consistent with many 
years’ practice in this respect and, of 
course, results in a more conservative 
statement. An inventory of the principal 
technical publications as of May 1, 1958, 
is summarized below: 


2 716 
1955 Book of ASTM Standards 
140 
384 
675 
1956 Supplement to Book of ASTM 
Standards 
1 451 
1957 Supplement to Book of ASTM 
Standards 
3 158 
ASTM Methods of Chemical Analysis. 4 069 
Special Compilations of Standards.... 19 366 
Selected Standards for Use in College 
2 943 
Symposiums, STP’s and Special Re- 
Reprints of Standards (Approx.)...... 250 000 
Radiographic Standards for Steel Cast- 
Radiographic Standards for Aluminum 
& Magnesium Castings.......... 17 
Radiography of Steel Welds.......... 43 


Not included in inventory: 
(1) Viscosity Temperature Charts 
(2) Hardenability Charts and Petroleum 
Charts 
(3) Knock Test Manual and Supplement 
(4) Marburg Lectures 
(5) Cotton Yarn Boards ah 


Building Fund: a 


Assets in the Building Fund, which 
include the current Race Street Head- 
quarters, the Cherry Street property, 
and the balance of the lot immediately 
adjoining this, total $308,400. 

The loan from ASTM General Funds 
which enabled the procurement of the 
Cherry Street property now amounts to 
$38,025 as of November 30, 1958. It 
is being amortized in the amount of 
$8700 yearly and should be wiped out 
accordingly in about 5 years. 


Investments: 


In the operation of the Investment 
Fund, the Society had continuing advice 
from our investment counsel, Loomis, 
Sayles & Co. This Fund was set up in 
1956 by transferring to it assets from the 
various operating funds such as General, 
Building, Research, etc., with these funds 
owning pro rata a share in the Invest- 
ment Fund. The operating funds pro- 
portionately benefit from income and 
growth of the Fund. In January, 1958, 
the operating funds transferred further 
assets in the amount of $15,500. 

During the year a number of changes 
in investments were made, some bonds 
and stocks being sold and a number of 
additional securities purchased. These 
are detailed in the Auditors’ Report 
which is appended.' 

As of November 30, the book value or 
cost of the securities in the fund totaled 
about $787,500; market value was 
$875,400. Total income was $38,600. 

In recent months purchases have been 
made approximately in the ratio of hold- 
ings which prevailed in the fund in late 
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1956, namely, about 46 per cent bonds, Bupeet SumMary—1958. 
preferreds and cash; 54 per cent common eons ) 
stocks. 
The Society’s holdings of mutual funds Estimated Receipts: | 
are included in the above totals of the 
Investment Fund. As of November 30 1. | 
mutual holdings had a market value of | 
Totat CurRENT Rz- | 
about $187,500. $1 065 000 | 100.0 
1958 Budget: From SuRPLvS......... 000 | 
From the accompanying summary of $1 110 000 
the 1958 budget, it will be seen that a Estimated Disbursements: 
This is a relatively normal expectation General Office Expenses | 101 000| 9.1 
because our operations really are on a Technical Committee 
ree-vear basis. influenced by th 12 000 
nial Boo of Stan ards, and the income Headquarters  Occu- 
from the 1955 Book will fall off sharply 41 000 | 3.7 
during this year whereas it was at a peak —......... 43 500| 4.4 
in 1956, thus creating the very favorable Miscellaneous Expenses. 31 000 2.8 
balance in that year. Such funds as are 
t ke up the difference be ane, 
mane Up BURSEMENTS......... $1 110 000 | 100.0 
tween income and disbursements will be 
drawn from the Society’s surplus. 
tg! 
26 Dew 
CooPERA TION is a keyword in advancing ASTM research 
and standards. It avoids duplication of effort; it pools various re- ian: Fret 
het 


sources; it spreads the load of work. ASTM experience is in- ine 
valuable in bringing together consumer and producer, in estab- 
lishing close contacts with other societies and associations, amd 


in aiding liaison between industry and government. oy Pa 
Other Societies and Associations: tensive technical symposiums, and nu- 


merous activities where large numbers of 
societies act together in the interest of a 
great number of engineers and scientists. 


There are upwards of 250 leading 
societies and associations which are 
members of ASTM, many participating 
actively through technically qualified 
representatives in committee work. Ac- 
tually the representatives of many of Close contacts are maintained with 
these groups serve very capably as tech- those responsible for standards work or 
nical committee officers. Our cooperative coordination thereof, in both the Federal 
activities run the gamut of joint sponsor- and State Governments, the most nota- 
ship of technical committees, coopera- ble instances being with the Standards ' 
tion on individual standards or groups branches of the Department of Defense, 
of standards, joint sponsorship of ex- and the General Services Administration, 


Federal and State Governments: 


| 
3 


the latter responsible for Federal Speci- 
fications work. Since its inception 60 
years ago, the Society has endeavored to 
coordinate standards work of industry 
and government. Several ASTM techni- 
cal committees have standing subcom- 
mittees whose responsibility is to review 
on request proposed government specifi- 
cations and tests to the mutual advan- 
tage of both groups. 

There are groups of state highway offi- 
cials, Government, and state purchasing 
officials, and others, all of whose work is 
important in coordinating buying re- 
quirements. ASTM is in close touch with 
these groups. 

Some very pertinent remarks were 
made by former President R. A. Schat- 
zel in his June, 1957, Presidential Ad- 
dress entitled “Our Expanding Tech- 
nology and ASTM.” Referring to ASTM 
and the Federal Government he said: 


“Our system of standardization is in- 
herently tied to our system of free enterprise. 
It is a completely voluntary system, in 
which our Government may have represen- 
tatives on committees, often acting as 
chairmen, and as at present, in our Society, 
members of government agencies serve on 
our Board of Directors. As a most important 
customer, the Government’s representatives 
have great weight, but the Government 
does not try to dominate our work nor that 
of any other standardizing group on which 
it has representation. 

“Tt is also a fact that no single agency 
acts for the Government. 

“Although as far as we know, there is 
no single agency established on a national 
level to coordinate the needs of the Federal 
Government with those of industry as far 
as standards are concerned, ASTM has for 
many years, in fact, from its very inception, 
cooperated closely with those Governmental 
agencies that develop standards.” —_oe" 


American Standards Association: in 


As one of five founders of the ASA, the 
Society has consistently supported the 
work of this federation of standards- 
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writing bodies. Recently ASTM renewed 
its third member on the Council, thus 
adding additional financial support. 
However, the most significant relation- 
ship is the large number of ASTM stand- 
ards which have been submitted to ASA 
for its approval. These now total up- 
wards of 570, constituting about one 
third of the total approved by ASA. 


Inter-American Conference on Stand- 
ards: 


Two of the Society’s national officers, 
Director A. A. Bates and Executive 
Secretary R. J. Painter, were members 
of the 7-man official delegation repre- 
senting the United States at the Inter- 
American Conference on Standards 
sponsored by the Organization of Ameri- 
can States held in Rio de Janeiro in 
September, 1957. The general purposes 
of this conference were to expedite the 
formation of national standardizing 
groups in the various Latin-American 
countries and to establish ways and 
means of coordinating standards issued 
by the respective countries. The United 
States Committee will continue as a 
group advisory to the officials directing 
Latin-American activities. The recom- 
mendations are of considerable signifi- 
cance to many segments of industry. 
They were summarized in the December, 
1957, ASTM Buttetim. 


Miscellaneous— International Critical 
Tables; President’s Conference; Re- 
search Support: 


Specific reference can appropriately 
be made to a few special developments 
during the year. First, ASTM is offi- 
cially represented on an Advisory Board 
on Critical Tables, established by the 
National Academy of Science. Much of 
ASTM work involves the development 
of scientific and engineering data, and a 
few of our committee activities particu- 
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larly will be of service in developing in- 
formation that will in part bring up to 
date and supplement the so-called In- 
ternational Critical Tables issued many 
years ago. M. V. Otis, Tennessee East- 
man Co., Head of the Subcommittee on 
Standard Data of Committee E-13 on 
Absorption Spectroscopy, is representing 
the Society. 

ASTM accepted President Eisen- 
hower’s invitation to be represented at 
the Conference on Technical and Dis- 
tribution Research for the Benefit of 
Small Business. ASTM President R. T. 
Kropf attended this two-day conference, 
the results of which are just now being 
published. Many so-called small business 
companies can be helped by participating 
in the work of their respective trade 
associations and by having their techni- 
cal people or representatives maintain 
contacts with professional and technical 
societies. 

Where materials are of concern, as in 
so many cases, the work of the Society is 


of interest. 


wig 
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While the Board of Directors has 
generally refrained from approaching 
Congressional committees on legislative 
matters, occasionally there are instances 
where in the interest of engineering and 
science it is felt a contact is appropriate. 
One area involves the expansion of the 
work of the National Bureau of Stand- 
ards. So much of this work is vital in 
providing basic data and a great deal of 
it invaluable in promoting a better know!- 
edge of materials that communications 
were addressed to the Chairman of the 
Senate and House Appropriations Com- 
mittee urging that, if at all feasible, 
additional support be given to the 
Bureau. 


Respectfully submitted on behalf of 

the Board of Directors, 
RicHarD T. Kropr, 
President. 
R. J. PAINTER, 

Executive Secretary, 

weve 


ee 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR DECEMBER 1, 1956 


TO NOVEMBER 27, 1957 


Philadelphia, December 18, 1957 
Mr. R. J. PAINTER, Executive Secretary 
AMERICAN SOCIETY FOR TESTING MATERIALS ; 
Hoe 
Dear Sir: 

We have examined the books and accounts of the American Society for 
Testing Materials for the period December 1, 1956, to November 27, 1957. We 
did not make a detailed audit of all transactions, but made tests to the extent 
we considered appropriate in determining the accuracy of the accounts. 

Cash on deposit in checking and savings accounts was verified by direct 
correspondence with the various depositories and reconciled with the cash 
records. We verified by direct correspondence the publication accounts re- 
ceivable (200 accounts), and the replies received disclosed only insignificant '. 
differences. The distribution of income and the determination of participations 
in the principal of the investment fund were made as of November 15, 1957; 
therefore, all schedules and the market value of the securities of the investment “a 
fund are reflected as of November 15, 1957. A minor amount of income of 
$12.70 was not distributed; this amount will be included in subsequent distri- 
bution of income. The securities held by the investment fund as scheduled on 
pp. 77-78 hereof, and certificates of deposit were examined by us on December i 
18, 1957. Income from investments for the period under review was verified 
by us and found to be properly recorded on the books of the Society. 

During the current fiscal period the Society adopted a new contributory 
pension plan effective May 1, 1957. Members of the previous retirement plan 
have agreed to become a member of this plan and have assigned their rights 
under the old plan to the trustees of the new plan. Employees’ contributions 
are equal to 2.5 per cent of annual compensation subject to Social Security 
(presently $4200), and 3.75 per cent of annual compensation in excess thereof. 
The remaining cost necessary to fund the benefits under the plan will be con- 
tributed by the Society and it is estimated that such cost to the Society will ap- 
proximate five times the employees’ contribution. The contribution made by 
the Society in the current period amounted to $35,000. The plan was approved 
by the Treasury Department as a qualified trust under Section 401(a) of the 
Internal Revenue Code by letter dated November 5, 1957. The plan may be 
amended or discontinued by the Society. 

We have prepared and submit herewith balance sheet as of November 27, 
1957, and statement of cash receipts and disbursements and operations for the = 
period December 1, 1956 to November 27, 1957, and other supporting schedules 
which, in our opinion, present fairly the financial position of the Society at on 
November 27, 1957, and the results of its operations for the period ended that 
date. 


Respectfully submitted, 
Joun Herns & Co. 


| 
i 
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66 
: BALANCE SHEET AS OF NOVEMBER 27, 1957 
(Including Special and Designated Funds) __ ( 
General Funds: 
Inv estment Fund Participation 597 007.33 
Loans Receivable (Building Fund)........................ . 38 025.00 a 
Advance to Forest Products Laboratory..................... 500.00 7 
Total Current Assets—General Funds................... 980 129.94 +4 
Furniture and Fixtures (depreciated book value)............ 36 965.25 
Total Assets—General Funds......................... $1 017 095.19 
Investment Fund Participation (at cost)....... 25 551.73 
Buildings and Construction Costs............. . $276 600.28 _— 
Less, Accumulated Depreciation. . 73 600.00 203 000.28 


Dudley Medal and Marburg Lecture Soho’ : 


Richard L. Templin Award Fund. ee 
Total Medal and Lecture Funds........... 1 111.82 ‘ wees 
Investment Fund Participation (at cost): 
ASTM Research 73 096.75 
Dudley Medal and Marburg Lecture Fund........ 6 968.07 oft 
Richard L. Templin Award Fund.,.............. 2 229.79 ol costa, 
108 077.31 193 159.14 at 
Wel 
Other Investments (at cost:) 
ASTM Research Fund....................... 10 074.63 
Total Assets—Special and Designated Funds.......................... 338 041.78 
— 


i 
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Accounts Payable: 
Joint Committee on X-Ray Diffraction..................... 190 472.76 Silane t 
Joint Symposium, Nuclear Meeting........................ 1 476.77 oMieenio’s 
Provision for: | 
1957 Supplements to Book of Standards...................... 47 000.00 siiaven’) 
Total Current Liabilities—General Funds................... 292 365.33 Ssheeaat) 
Life Membership $4 017.94 
Reserve for Depreciation of Investments............ 20 000.00 
Reserve for Additional Cost of Replacement of Head- 
Special Annual Meeting Entertainment Account..... 4 661.64 
17-40 
294 859.68 
429 870.18 724 729.86 
Total Liabilities and Surplus—General Funds......................... $1 017 095.19 
Building Fund: 
Contributions from ASTM General Fund....................... 82 064.57 of Morera 
Motes Payable—Goeneral 38 025.00 
Accumulated Tmcome, Net... 4 346.52 
Other Special and Designated Funds: oped) 
ASTM Research Fund: 
Dudley Medal and Marburg Lecture Fund: pt at 
6 968.07 eatin 
Richard L. Templin Award Fund: 
Sam Tour Award Fund: 
-F. E. Richart Award Fund: 
Investment Fund—Undistributed Income....................... 12.70 coherent 
Committee Funds, Unexpended Balance........................ 229 894.44 7 we 
Total Special and Designated Funds....................-...00005- 
Total Liabilities and Funds........... oe 


© 


L 
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Committee A-1 on Steel... ... 


In Addition to the General Funds of the Society the Treasurer Had on Hand _ 
i the Following Funds as of November 27, 1957 


CoMMITTEE FUNDS 


Committee A-5 on Corrosion of Iron and 


Committee B-3 on Corrosion of Non-Ferrous Metals and vena 
Committee B-5 Weaver Award Fund 


Committee B-6 on Die-Cast Metals and Alloys 


Committee B-8 on Electrodeposited Metallic Coatings 


Committee C-1 on Cementitious, Ceramic, Concrete, and Masonry—General Funds. 


Committee C-1 Cement Reference Laboratory 
Committee C-9 Sanford E. Thompson Medal Fund 
Committee C-9 on Concrete and Concrete Aggregates 
Committee C-15 on Manufactured Masonry Units 


Committee C-18 on Natural Building Stone. 


Committee D-4 on Road and Paving Materials 


Committee D-5 on Coal and Coke 


Committee D-7 on Wood. 


Committee D-10 on Shipping 


Committee E-9 on Fatigue 


Committee E-14 on Mass Spectrometry. . 


ASA Sectional Committee on Specifications for Cast Iron Pipe. . 


Chicago District 
Cleveland District 
Detroit District. . 
Ohio Valley District 
Philadelphia District. . 


Philadelphia District Special (Annual Meeting Account) 


Southern California District 
Northern California District 


Pittsburgh District 
Washington District 
Western New York — Ontario 


Accounted for as Follows: 
Cash in Bank and on Hand 


Investments (at cost)—(market value $38 137.50): 
$20 000 U. S. Treasury 23s due 8/15/63 


20 000 U. S. Treasury 24s due 11/15/61 


Investment Fund Participation 


Indicate red figures. 


Committee D-9 on Electrical Insulating Materials 


Committee D-1 on Paint, Varnish, Lacquer, and Related Products 
Committee D-2 on Petroleum Products and Lubricants 
Committee D-2 ASTM—IBM. 

Committee D-2 (DCC) Reference Fuel Account 
Committee D-2 (DCC) National Exchange Group 


Committee D-11 on Rubber—Special 
Committee D-11 on Rubber and Rubber-Like Materials 
Committee D-12 on Soaps and Detergents 
Committee D-13 on Textile Materials 
Committee D-14 on Adhesives 
Committee D-15 on Engine Antifreezes 
Committee D-18 on Soil Testing Procedures—Hogentogler Award Fund 
Committee D-19 Max Hecht Award Fund—Industrial Water 
Committee D-20 on Plastics. .... 
Committee E-2 on Emission Spectroscopy 
Gommittee E-3 on Chemical Analysis of Metals 
Committee E-4 on Metallography 


Advisory Committee on Corrosion 
Administrative Committee on End-Use Products 
Joint Committee on X-Ray Diffraction, Chemical Analysis 
Joint Committee on X-Ray Diffraction, Research Fellowship 
Joint Committee on X-Ray Diffraction, Indexing Patterns—IBM Calculator 


$82 492.13 


39 325.00 


$2 465.71 
478.34 


“TN 
i] 


229 894.44 


| 
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108 077.31 $229 894.44 


17.40 
237.50 
14.12 
884.15 
876.26 
534.20 
437.60 
618.27 
962/68 
11.95 
502.46 
367.59 
990/73 
57.79 
544.03 
16.60 
147.41 
131.08 
204.14 
66.55 
285.85 
| 
| 
265.89 
sei 
4.61 
831.07 
259.70 
201.17 
4935.60 
48 089.94 
291.73 
57 346.64 
15 367.75 
102.30 
225.00 
19 400.00 
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DupLEY MEDAL AND MARBURG FUND moi 
Principal Account vate 
Total Invested 
Balance, December: 1, $6 943.33 $6 943.33 
Receipts: 
Transfer from Income—Stock Dividends....... 19.80 19.80 y 
Transfer from Income—Gain on Sale of Invest- 
Loss on Sale of Investments.................. (2.13)¢ (2.13)¢ 
$6 968.07 968.07 
Balance, December 1, 705.13 
Receipts: 
Interest, Dividends, and Gain on Investments............... 322.28 $1 027.41 
Disbursements: 
RicHarp L. Temptin AWARD FuND 
Cash 
Balance, December 1, 1956, as reported............ $2 221.87 $2 221.87 
Transfer from Income—Stock Dividends 6.34 a 6.34 
Transfer from Income—Profit on Sale of In- a ul spite 
Loss on Sale of Investments.................. (0. (0. 
im) AB ELA 
Balesce, Movember 27, 1957... ss $2 229. 79 2 229.79 
Balance, December 1, 1956, as 172.99 
Receipts: 
Interest, Dividends, and Gain on Investments............... 103.13 $276. 12 . 
Disbursements: 
Movember 97) 9067. $214.74 
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Balance, November 27, 1957... . 
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Principal Account 
_ Balance, December 1, 1956, as reported............ $1 729.28 $1 729.28 a 
Receipts: 
Transfer from Income—Stock Dividends....... 4.93 4.93 4, 
Transfer from Income—Gain on Sale of In- hans 
vestments............ 1.76 1.76 
Loss on Sale of Inv estments (0.53)¢ (0.53)¢ 
Balance, November 27, $1 735.44 1 735.44 
+) 
Income Account 
Receipts: 
Interest, Dividends, and Gain on Investments............... 80.27 $390.19 
Disbursements: 
i ASTM FunD 
Total Invested Uninvested Cash 
Balance, December 1, 1956, as reported............ $81 851.28 $74 595.91 $7 255.37 
Receipts: 
wr of 16 Sh American Telephone & Telegraph 
Pie from Income—Stock Dividends. . 207 .62 207 .62 : 
Transfer from Income—Gain on Sale of Invest- - 
Loss on Sale of Investments.................. (22.34)2 (22.34)¢ 
Additional Funds Transferred to Investment 
Balance, November 27, 1957.................200- 84 926.75 83 171.38 1 755.37 
618 Sh one Motors Co. (C ommon) (market value ; 
16 Sh Telephone & Telegraph Co. (mar- 
2 816.00 83 171.38 
Income Account 
Balance, December 1, 1956, as reported,...............-..220005: 8 357.07 
Receipts: 
Interest, Dividends, and Gain on Sale of Investments......... 3 380.83 11 737.90 
Disbursements: 
Transfer to Principal—Stock Dividends and Gain on Invest- 
American Electro Platers Society —Research Fund............ 500.00 
Corrosion Research Council of the Engineering Foundation. .. . 300.00 
Committee D-15 on Engine Antifreezes...................... 500. 


.. $10 110.99 


ce 
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. E. Richart AWARD 


Principal Account 
Balance, December 1, 1956........... 


Transfer from Income—Stock Dividends 


col 


Balance, December 1, 1956 


Interest, Dividends, and Gain on Investments 
Contribution from ASTM....... 


— 
Sect? 
$1 048.05 $1 048.05 bait 
2.98 2.98 
1.07 1.07 
(0.32) 
1 051.78 
wih 


Transfer to Principal Account 
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Loss on Sale of Investments....... ; 
Balance, November 27, 1957................. 

Incom 

t 
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Operating Receipts (Budgeted): 
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GENERAL FUNDS: RECEIPTS AND DISBURSEMENTS if 


For THE PERIOD DECEMBER 1, 1956 To NoveMBER 27, 1957 


.Cash Balance, December 1, 1956, as reported... 


Dues and Entrance Fees: 


Sales of Publications: 


Book of Standards (Members, Additional 
1952 Book of Standards.......... 
1953’and 1954 Supplements to Book of Standards. . 
1956 Supplement to Book of Standards 
1957 Supplement to Book of Standards........... 
Methods of Chemical Analysis of Metals.......... 
Compilation of Standards. . 
Separate Standards. . . 
Selected Standards for Students................. 
Bulletin Subscriptions (Nonmembers) 
Special and Misellaneous Publications 


Miscellaneous: 


Advertising—1958 Index........................ 
Interest and Dividends......................... 
Registration and Other Fees—Meetings 
ASTM Exhibit at Annual Meeting............... 
Staff Service... 
Miscellaneous 


Total Operating Receipts (Budgeted) 
Nonoperating Receipts (Not Budgeted): 


RECEIPTS 


. $272 681.15 


175. 00 


Ca 


$283 388.52 


623 936. 47 


af 


=) 

113 354.95 = 


1 020 679.94 


4 796.17 
Committee C-1 for Technical Assistant........... 2 599.98 ; 
Retirement Fund Reserve....................... 1 226.43 
Sale of X-Ray Diffraction Cards................. 131 273.92 ~ 
British and Metric I P Tables...'............... 437 .84 
Institute of Petroleum Publications. ............. 63.84 ae 
From Building Fund on Account of Loan......... 8 700.00 $ : 
From Investment Fund Repayment of Advance. . . 36 000.00 
Annual Meeting Luncheon...................... 1 756.00 
Annual Meeting Buffet Supper.................. 316.25 ee 
ASTM—Joint Symposium 4 297.50 
Gain on Sale of Securities. . ; Soe 605 .90 
Total Receipts for Fiscal Year 1957 and Cash Balance December 1, 1956.. 1 364 321.01 


Op 


$126 447.80 
6255.00 
61 409.15 
482 .37 
36 552.49 
121.05 
85 059.32 
670.00 ( 
16 715.10 ] 
09 145.65 ] 
41 630.51 P| ] 
7 282.1 
11 101.0 
4 714.74 
49 052. 
50 457.60 
3 853.23 
15.00 
30 492.16 
16 404.02 
2 950.00 
113.71 
8 236.74 
832.49 


DISBURSEMENTS 


Operating Disbursements (Budgeted): 


Publications: 913 
1955 Book of Standards... 563.88 
1958 Book of Standards...................... 

1956 Supplement to Book of Standards......... 4 836.40 40 
1957 Supplement to Book of Standards......... 1 963.29 
Compilations of Standards.................... 37 541.72 
Methods of Chemical Analyses of Metals....... Ste) 
93.32 
Circulars to Members......................-. 2 685.41 
Special and Miscellaneous and West Coast Pub- — 

General Office Expenses. 93 079.30 rena? 

Expenses—Technical and District Committees. ... . 10 105.62 

Headquarters Occupancy Expense (Includes $9,800 
Depreciation on Buildings).................... ar 

American Standards Association.............. 1 500.00 

Dues, Contributions, Miscellaneous.............. 1 734.7 

Employees’ Retirement Fund.................... he aT 

Legal, Actuarial, and Related Services............ 5 550.00 597 986.70 Senge 

wr 
Total Operating Disbursements (Bud- 
_ Total Receipts and Cash Balance December 1, 1956.................. ...$1 364 321.01 
ae 
Nonoperating Disbursements (Not budgeted): at 

Refund of Excess Remittances................... 4 792.27 

Technical Assistant Committee C-1............ 

Costs and Refunds, X-Ray Diffraction Cards..... 20 991.81 

— - Joint Committee on X-Ray Diffraction 50 000.00 
nstitute of Petroleum Publications.............. 4 466.01 

Annual Meeting Buffet Supper.................. 

Annual Meeting Luncheon...................... 973.50 pas) 

Executive Retirement Reserve................... 1 200.00 had 

Gillett Memorial 75.00 

Insurance, Corrosion Test Site................... 110. 00 cad ; 

Employee Retirement Reserve................... 290.64 as 

Advance to Investment Fund................... 36 000.00. 

Awards Luncheon...... 1 286.15 

Special Annual Meeting Account................. 

Standards Conference, Rio de Janeiro............ 2 438.55 

347.16 214 851.48 


$279 307.37 


| 
) 
} 


ANNUAL REpoRT OF BoarD oF Directors I) 


ASTM BUILDING FUND 
Dertaits oF ASTM Burtpinc Funp RECEIPTS AND DISBURSEMENTS 
For THE PERIOD DECEMBER 1, 1956 TO NovEMBER 27, i957 . 
Receipts 
$2 898.63 
Interest, Dividends, and Profit on Investments........... 1 181.80 
From ASTM General Fund: 7” le 
On Account of Depreciation on Building, Elevator, and Air Condition- ined 
On Account of Amortization of 8 700.00 
reer 18 
+ Ste 4 39 242.18 
Expenses, Cherry Street Property: 
Expenses, Race Street Property: 
Reduction of Loan from ASTM General Fund........................ 8 700.00 | 
Transferred to Tnwestment Fund... 4 598.51 27 804.47 
Cash Balance, November 27, 1957 puis zs $11 377.71 


Detaits or AssETS AND LIABILITIES OF BUILDING FUND AS OF NOVEMBER 27, 1957 


Assets 
Gash in Girard Trust Corn Exchange Bank, Philadelphia, Pa.................. $11 377.71 
Investment Fund Participation (at as 331.73 
Property 1916-1918 Race St., Philadelphia, Pa: steal 
Cost: 
Construction (Net of Salv age) to November 30, 1956. MOOSE Goer eet 
Additions 1957: 
163 799.18 
133 716.13 
Property 1921-1927 Cherry St. and 1922-1928 Quarry St., Philadelphia, Pa: olasdil par? 
Cost: 
Construction to November 30, 1956... 63 180.43 
Lights and Decorating. . 2 229.11 | 
Replacing Stairways................ 1 591.30 se 
Alterations McGonigal Building... .. 6 029.69 
Accumulated Depreciation (Provided 
from General Funds)............... 3 516.95 98 393.68 129 193.68 pate? 
Property 1919 Cherry St., Philadelphia, Pa: 
Improvements........ 890.47 8 549.89 271 459.70 
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Contributions from $183 953.05 
Loan Payable to ASTM General Funds......................... 38 025.00 $308 389.14 
, ASTM INVESTMENT FUND PARTICIPATIONS 71 
As or NoveMBER 15, 1957 
Investments (at cost) (Market vam 787 548.55 


November —gagitional Income Net Profit, _cipation 


Sale of November 15, 
Partici pation! “nds Invested Reinvested 1957 
(At Cost) 


Participations by Funds: 


General Fund............. $537 388.15 $57 500.00 $1 695.72 $423.46 $597 007.33 
Committee Funds........... 100 193.67 7 500.00 306.98 76.66 108 077.31 
Research Fund............. 67 337.28 5 500.00 207 .62 51.85 73 096.75 
Building Fund.............. 20 961.02 4 500.00 72.58 18.13 25 551.73 
Medal and Lecture Fund.... 6 943.33 19.80 4.94 6 968.07 
Templin Award Fund....... 2 221.87 6.34 1.58 2 229.79 
Sam Tour Fund............ 1 729.28 4.93 1.23 1 735.44 
Richart Fund.............. 1 048.05 2.98 Be 1 051.78 

an 7 $737 822.65 $75 000.00 $2 316.95 $578.60 $815 718.20 


] 
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ASTM INVESTMENT FUND 


DetTAits OF INVESTMENT FuND CAsH RECEIPTS AND DISBURSEMENTS 
For THE PERIOD DECEMBER 1, 1956 TO NOVEMBER 15, 1957 


Cash Balance, December 1, 1956... .. $28 463.54 


are, 
Interest and Dividends on Investment................... $38 593.44 
Interest on Savings Accounts... . 
Interest on Certificates of Deposit. . . . 350.00 or 
Total Interest and Dividends $40 012.27 
Proceeds from Sales of Investments. et 39 386.65 
Additional Funds Invested by Participants . 75 000.00 
Reinvestment of Stock Dividends by Participants... .. . 2 316.95 
Loan from General Funds. .. . : 152 703.60 


in Total Receipts 192 715.87 
221 179.41 


Distribution of Interest and Dividends to Participants: 


General Fund 27 006.50 
Committee Funds..... 4 889.04 
‘Research Fund........... 3 306.64 
Building Fund.... 1 155.87 
~ Medal and Lecture F und. 315.21 
Templin Award Fund 100.87 
~ Sam Tour Fund 78.51 
_ Richart Fund...... 47.57 36 900.21 
Li 


Total Disbursements 192 997.06 


Cash Balance, November 15, 1957 28 182.35 
Balance Composed of: 
Demand Account 15 529.63 


Savings Account 262.72 
Certificates of Deposit : 10 000.00 $28 182.35 


— 


~ Nore: On November 22, 1957 $15,000 Consumers Power 43s, 1987 were purchased for $15,294.38 
including accrued interest of $106.88 entered on books of the Society as a 1958 fiscal year transac- 
tion. 
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REPORT OF AUDITORS 
te Investments Dae 
Number of | Cost 
Sharesor Bonds ivi B Val 
$3 000 Atlantic Refining Co. 43 per cent Conv. Deb. 8/15/87... .. $3 000.00 
10 000 Commercial Credit Co. 43 per cent 1977................. 9 806.00 
15 000 Consolidated Edison Co. of N. Y., Inc. 1st and Ref. 33 per 
10 000 Detroit Edison Co. 3} oy cent Conv. Deb. 9/14/71 11 000.00 
15 000 General Motors Co i per cent Deb. 1/1/79..... 14 925.00 
1 000 General Telephone as 4 per cent Conv. Deb. 5/1/71. ’ 1 001.25 
10 000 General Telephone Corp. 43 per cent Conv. Deb. 6/1/77 10 681.23 
5 000 Pacific Gas & Electric Co. ist and Ref. 34s Series W 12/1/84 5 150.78 
10 000 Radio Corp. of America 3} per cent Conv. Deb. ve 11 075.00 
20 000 Scott Paper Co. 3 per cent Conv. Deb. estaase Rem e 20 377.80 
5 000 Sinclair Oil Corp. 4% per cent 1986. . Teeter ateaas 5 731.68 
15 000 Socony Mobil Co. 24 per cent Deb. 6/1/76. / 13 995.95 
15 000 Southern Natural Gas Co. 1st Pi ipe Line S F 31 ks 2/1/74. 14 734.81 
15 000 Superior Oil Co. 3% per cent Deb. 7/1/81 15 000.00 
10 000 Tennessee Gas Transmission Co. Ist Mtg Pipe Line 43s 
10 000 U. S. Federal Land Banks 3] per cent 9/15/72. . 9 806.25 
5 000 U. S. Twelve Federal Land Banks 32 per cent 7/15/57. 
15 000 U. S. Twelve Federal Land Banks 23 per cent 5/1/58... .. 14 850.00 
10 000 U.S. Twelve Federal Land Banks 3js 2/14/58........ 9 995.00 
15 000 U. S. Twelve Federal Land Banks 4}s 2/15/72... ..... 15 000.00 
5 000 U. S. Treasury 2$s 3/15/65-70...................... 5 000.00 
S@D U.S. Treasury 248 . 8 632.83 
15 000 U.S. Treasury 2}s Si 14 943.75 
15 000 U.S. Treasury ee eens 14 934.38 
20 000 U.S. Treasury 4s 8/1/61..... 20 056.25 
30 000 U. S. Savings Bonds Series G 2}s 6/1/61............. 30 000.00 
5 000 U. S. Savings Bonds Series G 23s 1/1/62.............. 5 000.00 
5 000 U. S. Savings Bonds Series G 24s 2/1/62............... 5 000.00 
) 
Preferred Stocks 
Shares 
30 Endicott Johnson Corp. 4 per cent Pfd.................. 2 937.50 
30 Long Island Lighting Co. 4. 35 per « cent Series E Pfd.. 3 015.00 
30 Power & L ight Co. 4.36 per cent Cum Pfd.. 3.075 .00 
100 Philadelphia Electric Co. 4.40 per cent Cum Pfd........ 10 670.00 
Standard Slag Co. 2nd Pfd 2 115.00 
3 30 Westinghouse Electric Corp. 3.80 per cent Cum Pfd Series B. 3 067.74 


Total Preferred Stocks. ... 


309 400.01 
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Market 
Value 


$3 090.00 
8 500.00 


12 
i1 
13 


975.00 
300.00 
350.00 

950.00 

9 937.5 
4 075. 
8 600. 
400. 
> 
150. 
000. 
650. 


9 900. 
9 587.50 


906.25 
993. 
803. 
493. 
575. 
240. 
531. 
387.:! 
100. 


2 310. 
3 165. 
2 340. 
3 660. 
2 400. 
9 400. 
2 195. 
2 475. 


3 
820.00 
S70 OO 
) 
) 
‘ L 
) 
) 
) 
) 
All market v: November 15, 1957. 
| 
4 


Common Stocks 


Allegheny Ludlum Steel Corp........................... $8 111.87 $7 196.25 
American Cyanamid Co.............. OLS 6 238.91 11 887.50 
American Radiator & Standard Sanitary Co.............. 1 564.32 1 137.50 
American Telephone and Telegraph Co.................. 8 919.72 9 268.00 
Atchison, Topeka & Santa Fe Railroad Co............... 2 961.06 2 681.25 
2 095.99 6 260.00 
Cleveland Electric Illuminating Co...................... 8 271.00 6 650.00 
8 879.80 8 700.00 
Delaware Power and Light Co.......................... 2 454.11 3 431.25 
3 997.75 9 137.50 
E. I. duPont de Nemours & Co......................... 6 544.18 8 700.00 
Houston Lighting & Power Co., Texas.................. 8 061.31 12 673.50 
International Harvester Co.........................-00- 6 406.67 6 100.00 
Jones & Laughlin Steel Corp... ...................2200: 2 636.06 4 866.75 
4 941.44 14 437.50 
Louisville & Nashville Railroad Co...................... 4 154.59 2 950.00 
5 798.04 6 250.00 
Niagara Mohawk Power Corp.....................-.-5- 3 479.57 2 922.63 
1 641.19 3 000.00 
200 Pittsburgh Consolidation Coal Co....................... 8 760.94 6 050.00 
11 969.64 7 500.00 
273 Standard Oil of New Jersey.....................3 Re ae 8 526.48 13 513.50 
240 Westinghouse Electric Co... ... 15 644.26 14 400.00 
iy 200 Wisconsin Electric Power Co......................0005- 6 788.63 5 800.00 
Total Common Stocks. 275 534.62 350 606.76 
‘ 
“a Mutual Funds 
Shares 
Pe 849 Broad Street Investing Corp..........................5- 11 337.87 16 759.26 
4 350.449 Commonwealth Investment Co......................... 31 793.03 34 933.50 
S$ 376 Eaton Howard Balanced Fund......................... 83 433.04 105 477.12 
2 176 Fundamental Investors, Inc.......................00005 20 464.44 30 355.20 
Total Mutual Funds........ 147 028.38 187 525.08 
: Summary 


$787 548.55 $875 396.85 


_ Norte: Income includes proceeds from sales of rights. : 
78 
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: The Administrative Committee on 
Standards is interested in all aspects of 
the Society’s standardization work. The 
several functions are discussed under 
the subdivision headings of this report. 


3 Actions by Standards Committee on Com- 
| mittee Recommendations: 


| The review of recommendations from 
) technical committees is, of course, one 
| of the primary functions of the Standards 
| Committee, since in its establishment it 
was intended to provide a means of 
| having recommendations acted upon in 
) the interval between Annual Meetings. 
) Many of the annual reports refer to 
recommendations that have been sub- 
mitted to the Standards Committee 
during the year. The actions taken this 
) year by the Standards Committee are 
summarized below: 

) 

) 

) 


26 
Tentative Revisions of Standards........ 6 
; Standards Revised and Reverted to Ten- 7 
Emergency Alternates Withdrawn....... 2 
5 A number of these recommendations 
) were acted upon at a meeting held on 
2 September 13, 1957; the remainder were 
handled by correspondence. 
, Actions by the Society at 1957 Annual 
Meeting: 
0 As a matter of record, the actions 
: taken by the Society at the 1957 Annual 
; Meeting with respect to standards and 
5 tentatives are tabulated below: 
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te 


Existing Tentatives Adopted as Standard. 64 


Standards Revised... 88 
Standa 4s Revised and Reverted to Ten- 

Tentative Revisions of Standards........ 5 
Tentatives Revised: . 140 
Standards and Tentatives Withdrawn.... 11 


Standard Certification Clauses: 


Many ASTM specifications refer to — 
certification of product in one form or 
another. The Standards Committee has 
been cognizant for some time of the 
variations that exist in the manner in 
which this certification is handled. It 
has been felt there should be some 
uniformity in this regard to make sure 
all of the essential aspects are provided 
for. After very careful consideration, 
the Standards Committee has developed 
suggested wordings as set forth below 
covering the use of certification. The 
Standards Committee recommends that 
they be brought to the attention of all 
technical committees for their informa- 
tion and guidance. 


Inspection by Lot-—Technical committees 
should define the lot to facilitate inspection 
and testing of materials specified in stand- 
ards under their jurisdiction. 

The Waiving of Inspection by A greement.— 
(a) When agreed upon in writing by the 
purchaser and the supplier, a certification 
shall be made the basis of acceptance of the 
material. This shall consist of a copy of the 
manufacturer’s test report or a statement 
by the supplier, accompanied by a copy of 
the test results, that the material has been 
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sampled, tested, and inspected in accordance 
with the provisions of the specification speci- 
fied. Each certification so furnished shall 
be signed by an authorized agent of the 
supplier or manufacturer. 

(b) When original identity cannot be 
established, certification can only be based 
on the sampling procedure provided by the 
applicable specification. 


EXPANSION OF STANDARDIZATION 


ACTIVITIES 


An important function of the Stand- 
ards Committee is to explore with the 
Board of Directors proposals dealing 
with + new projects. Comments with 
respect to a number of these are set 
forth below. 

Industrial Chemicals.—As indicated in 
previous reports, the subject of in- 
dustrial chemicals is so broad that 
considerable study is required to de- 
lineate the field more specifically. The 
Board of Directors has appointed a 
small committee to serve as a continuing 
‘study and advisory committee in the 
area of industrial chemicals. There is 
now being recommended the establish- 
ment of a new Committee E-15 on 
Analysis and Testing of Industrial 
Chemicals with the thought that the 
immediate approach in this broad field 
should be concentrated on methods of 
testing, particularly such methods as 
may have a rather general application. 

Cleaning Solvenis——The report of a 
year ago mentioned considerations that 
were being given to requests that had 
been received that work be undertaken 
in the field of cleaning solvents, both 
from the point of view of cleaners for 
electric motors and also other types of 
cleaning such as those utilizing vapor 
degreasers. Although consideration was 
given to organizing a committee from 
the point of view of use, the conference 
referred to in that report recommended 
that a new committee be established 
covering Halogenated Organic Solvents. 


| 


This recommendation has been approved 
by the Board of Directors, and the 
organization meeting of the committee, 
designated D-26, is being held during 
the 1958 Annual Meeting of the Society. 

Flexible Barrier Materials—In the 
report of a year ago, reference was made 
to a conference that was being called of 
representatives from the industry as well 
as from the various technical committees 
that would seem to have an interest in 
flexible barrier materials. At the time it 
was felt that a liaison committee to 
coordinate the activities of the several 
ASTM committees was needed. On the 
recommendation of the general con- 
ference, the Board of Directors author- 
ized a new Committee on Flexible Bar- 
rier Materials. This committee, which 
has been given the designation of F-2, 
held its organization meeting on Decem- 
ber 12, 1957. 

Cermets—The previous report re- 
ferred to the establishment of a study 
committee to explore the need for any 
concerted work in the general field of 
cermets and to indicate how best such 
work might be organized if needed. This 
study committee has been organized 
and has held two meetings during the 
year. One of the primary considerations 
in the investigations of this committee 
is to arrive at some understanding as to 
what is normally considered as falling 
under the classification of cermets. Con- 
siderable additional exploratory work 
would seem to be needed before any 
specific recommendations can be agreed 
upon. 

Gaskels and Packing Materials.—The 
Society has a long history with respect to 
its work on gasketing and packing 
materials. This has been concentrated in 
Committee D-11 on Rubber and Rubber- 
like Materials since many of the ma- 
terials had a rubber base. Much of the 
work was carried on in cooperation with 
the Society of Automotive Engineers 
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under a Joint SAE-ASTM Committee 
on Automotive Rubber. In view of the 
very broad interest in gaskets, much 
broader than automotive alone, and 
also the inclusion of types of materials 
other than organic-base materials cov- 
ered in Committee D-11, a general 
conference was called to determine 
whether the present coverage by the 
Society is adequate. One possibility 
would be the establishment of a separate 
committee on gaskets and packing ma- 
terials. By action of this conference a 
special study committee has been estab- 
lished so that specific recommendations 
can be formulated. 
Abrasives.—Although the subject has 
often received consideration, at no time 
has there been any recommendation 
that a technical committee in the ab- 
rasives field be organized. Recently a 
specific request has been received from 
the Abrasive Grain Association for the 
preparation of an ASTM method cover- 
ing density of abrasive grains. In the 
absence of a technical committee on 
abrasives, this has been referred to 
Committee E-1 on Methods of Testing. 


RELATIONS WITH AMERICAN 
ASSOCIATION 


| Two methods under the procedure of 
the American Standards Association are 
used by ASTM in submitting recom- 
mendations to the ASA. One is a com- 
; bination of the so-called existing stand- 
ards procedure and the proprietary 
sponsorship procedure. On the initial 
reference of an existing ASTM standard 
] to the ASA, it is submitted under the 
) existing standards procedure with a 
supporting statement giving a history 
) of the development of the standard and 
- indicating the degree of its acceptance. 
If the standard is approved as American 
Standard, the ASTM is granted pro- 
prietary sponsorship insofar as any 


future revisions are concerned, and such 
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revisions are brought to the attention of 

the ASA currently for approval under 

this proprietary sponsorship procedure. 1 
The second method consists of having : i 

standards reviewed in a sectional com- ‘ 

mittee made up of representatives of a 

number of interested organizations, usu- 

ally with the ASTM as sponsor or co-— 

sponsor of the sectional committee 


Standards Submitted Under the Existing _ 


Standards Procedure: 


_ Forty-six standards relating to wood | 
were submitted to the American Stand 
ards Association for approval as Ameri- 
can Standard under the existing stand: 
ards procedure. 


Revised Standards Submitted Under the 
Proprietary Procedure: 


In view of the Society having been 
designated as proprietary sponsor for the 
revisions of ASTM standards that had 
been approved as American ome 
under the existing standards procedure, 
it has submitted to the American Stand- 
ards Association during the year re- 
visions of 11 standards relating to steel, 

2 relating to corrosion of iron and steel, q 
2 relating to copper, 3 relating to clay 
pipe, 2 relating to gypsum, 1 relating to 
refractories, 7 relating to manufactured 
masonry units, 2 relating to paint pig- 
ments, 1 relating to rubber products, 2 
relating to detergents, and 1 relating to 
thermometers. 


Standards Submitted Under the Sectional 


Committee Procedure: 
During the year, the following ae 


tional committees, for which the Society 
is sponsor or cosponsor, took action to 
present recommendations to the ASA as 
follows: 

Sectional Committee B36 on Dimensions 
and Materials of Wrought-Iron and 
Wrought-Steel Pipe and Tubing.—This 
committee has recommended the ap- 
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proval of revisions of 18 American 
Standards. 

Sectional Committee C7 on Bare Elec- 
trical Conductors —This committee has 
recommended the approval as American 
Standard of 4 ASTM standards, and the 
approval of revisions of 17 American 
Standards. 

Sectional Committee C59 on Electrical 
Insulating Materials—This committee 
has recommended the approval of re- 
visions of 5 American Standards. 

Sectional Committee Z11 on Petroleum 
Products and Lubricanis——This com- 
mittee has recommended the approval 
as American Standard of 4 ASTM stand- 
ards, and the approval of revisions of 12 
American Standards. 


INTERNATIONAL RELATIONS 


The international discussions, par- 
ticularly under the International Or- 
ganization for Standardization (ISO), are 
assuming ever greater significance. A 
number of the European countries ap- 
parently wish to have the standardiza- 
tion discussions handled internationally, 
and much of the work is supported here 
rather than in the development of 
individual national standards. In cer- 
tain areas these international discussions 
are having a definite impact on the 
standardization in this country, and a 
number of ASTM committees are fol- 
lowing these international discussions 
quite closely with the thought that the 
ASTM standards and the international 
recommendations should be in harmony. 
A list of the various ISO projects in 
which ASTM is interested and which 
continues to grow year by year is given 
below. 

Aromatic Hydrocarbons.—ASTM Com- 
mittee D-16 on Industrial Aromatic 
Hydrocarbons and Related Materials is 
giving consideration to American par- 
ticipation in the work of ISO/TC 78 on 
Aromatic Hydrocarbons for which Great 
Britain holds the secretariat. 


Asbestos -Cement Products. — ASTM 
Committee C-17 on Asbestos-Cement 
Products has indicated that it favors 
American participation in the work of 
ISO/TC 77 on the basis of an observer. 
Switzerland holds the secretariat for this 
ISO committee. 

Cast Iron.—Great Britain holds the 
secretariat for ISO/TC 25 on Cast Iron. 
The Advisory Committee of ASTM 
Committee A-3 on Cast Iron has been 
set up to handle American participation. 

Chemistry.—Italy holds the secretariat 
for ISO/TC 47 on Chemistry. Several 
ASTM committees have indicated an 
interest in this work, and draft proposals 
which have been received have been 
passed on to these committees. 

Copper and Copper Alloys.—The 
United States holds the secretariat for 
ISO/TC 26 on Copper and Copper 
Alloys. The Advisory Committee of 
ASTM Committee B-5 on Copper and 
Copper Alloys has been set up to handle 
the work of the secretariat. 

Fiber Building Board.—A proposal had 
been received for the organization of a 
new ISO committee to deal with fiber 
building board. This received considera- 
tion in Committee D-7 on Wood, and 
based upon these considerations the 
United States through the American 
Standards Association voted negatively 
on the organization of this ISO commit- 
tee. It received sufficient support, how- 
ever, from other countries so that this 
committee has now been organized. The 
sentiment in Committee D-7 was that if 
the committee should be organized, the 
United States should participate in the 
work. 

Fire Tests for Building Materials and 
Siructures—An inquiry has been re- 
ceived on participation on the part of 
the United States in an ISO committee to 
deal with fire tests of building materials 
and structures. ASTM Committee E-5 
on Fire Tests of Materials and Construc- 
tion has recommended against United 
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States participation on the basis that 
such participation could not be justified 
in view of the expense involved. 

Hydraulic Binders.—Sectional Com- 
mittee Al on Hydraulic Cements has 
recommended participation by the 
United States in ISO/TC 74 on Hy- 
draulic Binders. The sectional committee 
also has recommended that the group in 
this country to handle this participation 
be ASTM Committee C-1 on Cement. 

Iron and Steel—The United States 
has the status of an observer in the 
work of ISO/TC 17 on Iron and Steel 
for which Great Britain holds the 
secretariat. A number of draft proposals 
have been received which have been 
brought to the attention of Committee 
A-1 on Steel, while others dealing with 
methods of testing have been submitted 
to the appropriate subcommittees of 
Committee E-1 on Methods of Testing. 

Laboratory Glassware-—Great Britain 
holds the secretariat for ISO/TC 48 on 
Laboratory Glassware. America is par- 
ticipating in this work through a special 
group on which ASTM is represented 
through Committee E-1 on Methods of 
Testing. 

Light Metals and Alloys——The Ad- 
visory Committee of ASTM Committee 
B-7 on Light Metals and Alloys has been 
set up to handle American participation 
in the work of ISO/TC 79 on Light 
Metals and Alloys. France holds the 
secretariat for this ISO committee. 

Mica.—Subcommittee [IX on Mica of 
ASTM Committee D-9 on Electrical 
Insulating Materials has been set up to 
handle the American contacts with 
ISO/TC 56 on Mica for which India 
holds the secretariat. 

Paper—ASTM Committee D-6 on 
Paper and Paper Products is giving 
consideration to American participation 
in the work of ISO/TC 6 on Paper. 
France holds the secretariat for this ISO 
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Petroleam Products—The United 


States holds the secretariat for ISO/TC y 
28 on Petroleum Products, the technical j 


work of the secretariat being under the 
purview of Sectional Committee Z11 on 
Petroleum Products and Lubricants, for — 
which ASTM is sponsor. 

Plastics—America holds the secre- 
tariat for ISO/TC 61 on Plastics. ASTM 
Committee D-20 on Plastics is handling 
the work of the secretariat and has 
organized for the purpose a_ special 
committee consisting of representatives 
of the various groups interested. 


Raw Materials for Paints, Varnishes, _ 
and Similar Products—ASTM 


mittee D-1 on Paint, Varnish, Lacquer, — 
and Related Products is handling Ameri- 
can contacts with ISO/TC 35 on Raw 
Materials for Paints, Varnishes, and 
Similar Products, for which the Nether- | 
lands holds the secretariat. 

Refractories —ASTM Committee C-8 
on Refractories is handling American — 
contacts with ISO/TC 33 on Refrac- 
tories for which Great Britain holds the 


secretariat. 
Rubber.—The secretariat for ISO/TC 


45 on Rubber is held by Great Britain. 

The American group to handle participa- } ‘ 

tion in this ISO committee has been set — mes 

up under ASTM Committee D-11 on 

Rubber and Rubber-like Materials. . 
Shellac-—Subcommittee XIII on Shel- 

lac of ASTM Committee D-1 on Paint, 

Varnish, Lacquer, and Related Products — 

has been set up as the American com- 

mittee in charge of contacts with ISO/ 

TC 50 on Lac for which India holds the 

secretariat. 
Solid Mineral Fuels —ASTM Com-_ 

mittee D-5 on Coal and Coke is handling 

the contacts of the United States with — 

ISO/TC 27 on Solid Mineral Fuels for | 

which Great Britain holds the secre- | 

tariat. 
Statistical Treatment of Series of Ob- — 

servations.—The Netherlands holds the 

secretariat for ISO/TC 69 on Statistical | 
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Treatment of Series of Observations. 
The United States is participating in 
this work through a special group on 
which ASTM is represented. 

Textiles —Great Britain holds the gen- 
eral secretariat for ISO/TC 38 on Tex- 
tiles, but the United States holds the 
secretariat for several subcommittees. 
American participation in this work is 
being handled by a special committee 
organized under the sponsorship of 
ASTM and the American Association of 
Textile Chemists and Colorists with 
representation from the various groups 
interested. This special committee has 
been given the designation of L23. 

Timber—ASTM Committee D-7 on 
Wood has indicated that it favors 
American participation in the work of 
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ISO/TC 55 on Timber for which Russia 
holds the secretariat. 

Viscosity—The United States holds 
the secretariat for ISO/TC 66 on Vis- 
cosity. The Subcommittee on Rheo- 
logical Properties of ASTM Committee 
E-1 on Methods of Testing has been set 
up to handle the work of the secretariat. 

Zinc.—ASTM Committee B-2 on 
Non-Ferrous Metals and Alloys is in 
favor of United States participation in 
the work of ISO/TC 18 on Zinc. 


Respectfully submitted on behalf of 
the committee, 


J. H. Foote, 
» Chairman. 
R. E. Hess, 
Secretary. 
wots, 
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The work before the Committee on 
Papers and Publications continues to in- 
crease. In the 1957 report mention was 
made of the 200 papers presented at the 
1956 West Coast meeting which con- 
stituted a particularly heavy load over 
and above the usual publications in a 
regular annual meeting year. But quite 
apart from this special meeting, the reg- 
ular publications by and large are con- 
tinuing to increase. For example, there 
are approximately 150 papers on the 
program for the 1958 Annual Meeting as 
compared with approximately 100 papers 
on the program for the 1957 Annual 
Meeting. In addition, there is an ever- 
increasing number of papers and articles 
submitted for publication in the ASTM 
BULLETIN, partly resulting from meet- 
ings sponsored by the local districts, but 
more particularly papers submitted 
specifically for BuLLetin publication 
without any request for presentation. 

The review of material for publication 
constitutes an ever-increasing problem 
not only because of the greater amount 
of material but also because of the neces- 
sity of having a more critical review of 
the material for publication. This critical 
review is based not only on the need for 
conserving the Society’s funds by in- 
sisting on condensation and the restric- 
tion of published material to that which 
has detinite merit, but also has in mind 
the conservation of the reader’s time in 
locating material which will be of direct 
interest and benefit to him. Recognizing 
the increased burden on the individual 
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members of the Papers Committee, the 
committee looks to outside reviewers to 
an ever-increasing extent and has sought 
the assistance of past members of the 
committee in handling some of the com- _ 
mittee’s responsibilities. For example, 
the Papers Committee is 
on each of the special symposium com- 
mittees that are appointed to handle 
prospective programs at meetings, and 


in some instances this representation is 
handled by former members of the 
Papers Committee. 

The extent of the Society’s publica- 
tions is indicated in the record of publi-_ 


cations issued during the year. 


1 


1958 Annual Meeting: 


As indicated above, the for 
the 1958 Annual Meeting i is an extremely — 
heavy one. In all, some 43 sessions are 
contemplated ; of these 18 will be devoted — 
to special symposiums as follows: y 


Symposium on Basic Mechanisms of Fatigue, 

Symposium on Some Approaches to Durability 
in Structures, 

Symposium on Solvent Extraction in the Analy- 
sis of Metals, 

Symposium on Bulk Sampling, 

Symposium on Radiation Effects on Materials 
(Vol. 3), 

Symposium on Effect of Water on Bituminous 
Paving Mixtures, 

Symposium on Materials Research Frontiers, 

Symposium on Particle Size Measurement, 

Symposium on Paper and Paper Products, 

Symposium on Applications of Soil Testing in 
Highway Design and Construction, and 

Symposium on Radioactivity in Industrial 
Water and Industrial Waste Water. 
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In addition the several industrial 
luncheons may result in publication. 


Book of ASTM Standards: 


The consideration with respect to is- 
suing the 1958 Book of ASTM Standards 
referred to in the 1957 report culminated 
in the decision that the 1958 book be 
issued in ten parts. These are as follows: 


Part 1—Ferrous Metals (Specifications) ; 

Part 2—Non-Ferrous Metals (Specifications), 
Electronic Materials; 

Part 3—Methods of Testing Metals (Except 
Chemical Analysis) ; 

Part '4—Cement, Concrete, Mortars, 
Materials, Waterproofing, Soils; 

Part 5—Masonry Products, Ceramics, Thermal 
Insulation, Acoustical Materials, Sandwich 
and Building Constructions, Fire Tests; 

Part 6—Wood, Paper, Adhesives, Shipping 
Containers, Cellulose, Leather; 

Part 7—Petroleum Products, Lubricants, Tank 
Measurements, Engine Tests; 

Part 8—Paint, Naval Stores, Aromatic Hy- 
drocarbons, Coal and Coke, Gaseous Fuels, 
Engine Antifreezes; 

” Part 9—Plastics, Electrical Insulation, Rubber, 
Carbon Black; and 

Part 10—Textiles, Soap, Water, Atmospheric 

Analysis, Wax Polishes. 


Road 


It is expected that these ten parts 
should be adequate for at least three 
issues of the Book of Standards, with 
all volumes being a convenient size. 


Year Book: 


The publication of the Year Book con- 
tinues to be a problem in view of its very 
rapid increase in size. As mentioned 
previously, some sections formerly in- 
cluded in the Year Book were eliminated, 
but of these the geographic distribution 
has been reinserted which of itself adds 
considerably to the size. Various sug- 
gestions are being explored to see if the 
material in the Year Book can be pub- 
lished on some different basis, = = 


RECORD OF PUBLICATIONS ISSUED 


DvuRING THE YEAR 
1957 Proceedings, 1440 pp., 7500 copies. 

1957 Marburg Lecture, 40 pp., 3000 copies. — 

1957 Gillett Lecture, 36 pp., 3000 copies. 

1957 Supplement to Book of Standards: = 
Part 1, 528 pp., 14,500 copies. 7 
Part 2, 391 pp., 11,000 copies. 
Part 3, 436 pp., 9400 copies. 
Part 4, 230 pp., 7500 copies. 


Regular Publications: 


Part 5, 359 pp., 7650 copies. = uh 
Part 6, 380 pp., 7800 copies. ape 
Part 7, 320 pp., 7500 copies. Paty 


1957 Year Book, 756 pp., 7400 copies. balan 

1957 Index to Standards, 251 pp., 28,000 copies. 

ASTM BUuLLeTIN, 8 issues (May 1957 to April 
1958), total number of pages 840, average 
number of copies 14,937 (269 pages of techni- 
cal papers). 


A statement of the volume of the prin- 
cipal publications for the past four years 
is given below: 


1954-| 1955- | 1956- 1957- 
1955, | 1956, 1957, 1958, 
pages, pages | pages | pages 
Proceedings........ 1425; 1128) 1528) 1440 
Marburg Lecture*..|.... 54 51 40 
Gillett Lecture* 32 36 
Book of ASTM 
Standards....... 752 
Supplements to 
Book of Stand- 
2644 
ASTM Methods of 
Chemical Analysis 
of Metals. . 640 
Index to ASTM 
Standards....... 306 21 6} 240 251 
Year Book.........| 672 620) 640 756 
Special Technical 
Publications. ... . 2101) 3018) 3441! 4061 
Other Special Pub- 
a 46 964 878 208 
ASTM Buttetin...| 792) 808 836 840 
{808818 56010 538,10 276 


* As of 1956 to be issued separately. 


Special Compilations of Standards Published from 
A pril 15, 1957 to April 15, 1958: 


Specifications for Steel Piping Materials (A-1), 
455 pp., 3000 copies. (Published April 24, 
1957.) 
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ASTM Standards on Cast Iron (A-3), 170 pp., 
1200 copies. 

ASTM Standards on Metallic Electrical Con- 
ductors (B-1), 344 pp., 900 copies. 

ASTM Standards on Copper and Copper Alloys 
(B-5), 688 pp., 1600 copies. Additional reprints 
struck off, 1000 copies. 

ASTM Standards on Light Metals and Alloys 
(B-7), 330 pp., 800 copies. 

Manual of ASTM Standards on Refractory 
Materials (C-8), 420 pp., 4600 copies. 

ASTM Standards on Gypsum Products, Plaster 
Aggregates and Related Standards (C-11), 148 
pp., 2000 copies. 

ASTM Standards on Glass and Glass Products 
(C-14), 146 pp., 1200 copies. 

ASTM Standards on Petroleum Products and 
Lubricants (D-2), 1138 pp., 8750 copies. 

ASTM Standards on Bituminous Materials for 
Highway Construction, Waterproofing and 
Roofing (D-4, D-8), 460 pp., 2000 copies. 
(Published June 28, 1957.) 

ASTM Standards on Coal and Coke (D-5), 140 
pp., 2000 copies. 


REPORT ON PAPERS 


Ww 


, ASTM Standards on Paper, Paper Products and 
Shipping Containers (D-6, D-10), 420 pp., 
1600 copies. 


ASTM Standards on Electrical Insulating Ma- 
terials (D-9), 692 pp., 1200 copies. 

ASTM Standards on Rubber and Rubber-Like 
Materials (D-11), 844 pp., 2400 copies. 
(Published June 28, 1957.) 

ASTM Standards on Soaps and Other Deter- 
gents (D-12), 180 pp., 1200 copies. 

ASTM Standards on Textile Materials (D-13), 
870 pp., 2500 copies. 

ASTM Standards on Adhesives (D-14), 

4 pp., 1500 copies. 

ASTM Standards on Engine Antifreezes (D-15), 
56 pp., 1500 copies. 

Manual on Industrial Water (D-19) (STP 

1 148-C), 504 pp., 2250 copies. (Fourth print- 

ing.) 

. ASTM Methods for Emission Spectrochemical 

1 Analysis (E-2), 504 pp., 2500 copies. 

ASTM Standards on Materials for Electron 
Tubes and Semiconductor Devices (F-1), 250 
pp., 1500 copies. 


252 


Special Compilations in Pros pect: 


480 pp., 3000 copies. 
ASTM Standards on Electrodeposited Metallic 
Coatings (B-8), 116 pp., 4000 copies. 
) ASTM Standards on Mineral Aggregates, 
‘ Concrete and Nonbituminous Highway Ma- 
| 


| Specifications for Steel Piping Materials (A-1), 


terials (C-9, D-4), 384 pp., 2500 copies. 


AND PUBLICATIONS 
ASTM Standards on Paint, Varnish, Lacquer 
and Related Products (D-1), 1052 pp., 2000 

copies. 

ASTM Standards on Rubber and Rubber-Like 
Materials (D-11), 906 pp., 3000 copies. 

ASTM Procedures for Testing Soils (D-18), 
552 pp., 5000 copies. 

Manual on Measurement and Sampling :. 


Petroleum and Petroleum Products (D-2), 168 - 
pp., 4000 copies. 
Building Code Compilation, 972 pp., 3000 copies. 


Special Publications Issued from April 15, 1597 ' 
to April 15, 1958: 


ASTM Manual for Rating Motor Fuels a 
Motor and Research Methods, 88 pp., 2500 
copies. 

Bibliography of Fatigue References (STP 9-H), 
64 pp., 500 copies—mimeographed. 

ASTM Viscosity Tables for Kinematic Viscosity 
Conversions and Viscosity Index Calculations 
(STP 43-B), 66 pp., 5000 copies. 

Index to the X-Ray Powder Data File (STP 
48-G), 729 pp., 1000 copies. 

Bibliography and Abstracts on Electrical Con- 
tacts (STP 56-K), 44 pp., 1500 copies. 

1957 Supplement to the Metal Cleaning Biblio- 
graphical Abstracts (STP 90-D), 44 pp., 2000 
copies. 

Bibliographical Abstracts of Methods for Analy- 
sis of Synthetic Detergents (STP 150-B), 28 
pp., 1500 copies. 

Compilation of Chemical Composition and Rup- 
ture Strengths of Super Strength Alloys 
(STP 170-A), 5 pp., 1500 copies. 

Symposium on Vane Shear Testing of Soils . 
(STP 193), 76 pp., 2000 copies. 

Symposium on Ion-Exchange and Chromatog- 
raphy in Analytical Chemistry (STP 195), 63 
pp., 2000 copies. 

* Papers on Metals (STP 196), 181 pp., 2500 
copies. 

* Symposium on Wood for Marine Use and Its 
Protection from Marine Organisms (STP 
200), 56 pp., 2000 copies. 

* Symposium on Structural Sandwich Construc- 
tion (STP 201), 109 pp., 2500 copies. 

*Symposium on Vapor Phase (STP 202), 74 
pp., 2000 copies. 

* Symposium on Fatigue with Specific Reference 
to Aircraft Structures (STP 203), 104 pp., 


2000 copies. 
* Symposium on Titanium (STP 204), 214 pp., 
3000 copies. 
* 1956 West Coast Papers. ‘ 
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* Papers on Cement and Concrete (STP 205), 
158 pp., 2500 copies. 

* Papers on Soils (STP 206), 184 pp., 2000 copies. 

* Symposium on Industrial Water and Industrial 
Waste Water (STP 207), 56 pp., 2500 copies. 

* Symposium on Radiation Effects on Materials 
(Vol. 1) (STP 208), 196 pp., 3000 copies. 

* Papers on Design and Tests of Building Con- 
structions—Seismic and Shock Loading and 
Glued-Laminated Constructions (STP 209), 
91 pp., 2500 copies. 

*Symposium on Full Scale Tests on House 
Structures (STP 210), 64 pp., 2500 copies. 

* Symposium on Steam Turbine Oils (STP 211), 
112 pp., 2500 copies. 

* Papers on Road and Paving Materials (STP 
212), 82 pp., 2000 copies. 

*Symposium on Nondestructive Testing (STP 
213), 93 pp., 2500 copies. 

*Symposium on Railroad Materials Including 
Lubricating Oils (STP 214), 175 pp., 2200 
copies. 

*Symposium on Radioisotopes (STP 215), 98 
pp., 2500 copies. 

Symposium on Large Fatigue Testing Machines 
and Their Results (STP 216), 157 pp., 2000 
copies. 

Symposium on Thermal Conductivity Measure- 
ments and Applications of Thermal Insula- 
tion (STP 217), 92 pp., 2500 copies. 

Symposium on Insulating Oil (STP 218), 45 
pp., 1500 copies. 

Symposium on Determination of Dissolved 
Oxygen in Water (STP 219), 64 pp., 2000 
copies. 

Thermal Properties of Thirteen Metals (STP 
227), 33 pp., 2000 copies. 

Summary of Proceedings, 32 pp., 9200 copies. 

Numerical List of Abstracted Ultraviolet Spec- 
tra-Indexed Wyandotte Cards, 88 pp., 500 
copies. 


Special Publications in Prospect: 


Manual on Engine Test Methods—Aviation 
Supercharge, 256 pp., 1500 copies. 

1950-1955 Spectrochemical Index, Part IV 
(STP 41-D), 230 pp., 2500 copies. 

Bibliography and Abstracts on Electrical Con- 
tacts (STP 56-L), 48 pp., 1500 copies. 

Symposium on Radiation Effects on Materials 
(Vol. 2) (STP 220), 143 pp., 2500 copies. 

Symposium on Spectrochemical Analysis for 
Trace Flements (STP 221), 100 pp., 2000 
copies. 

Symposium on Determination of Gases in 
Metals (STP 222), 66 pp., 2000 copies. 


the committee, 


Symposium on Nondestructive Tests in Nuclear 
Energy Field (STP 223), 401 pp., 3000 copies. 

Symposium on Composition of Petroleum Oils 
(STP 224), 294 pp., 2500 copies. 

Knocking Characteristics of Pure Hydrocarbons 
(STP 225), 88 pp., 3000 copies. 

Report on Elevated Temperature Properties of 
Weld Deposits (STP 226), 228 pp., 3000 
copies. 

Report on Elevated Temperature Properties of 
Chromium Steel (STP 228), 100 pp., 3000 
copies. 

Symposium on Effect of Ozone on Rubber 
(STP 229), 80 pp., 2000 copies. 

Symposium on Elevated Temperature Strain 
Gages (STP 230), 95 pp., 3000 copies. 

Symposium on Brittle Failure of Rotor Forgings 
(STP 231), 64 pp., 2000 copies. 

Conference Papers on Soils for Engineering 
Purposes (STP 232), 500 pp., 1200 copies. 

+ Symposium on Radiation Effects on Materials 
(Vol. 3) (STP 233), 180 pp., 2500 copies. 

7 Symposium on Particle Size Measurement 
(STP 234), 254 pp., 2500 copies. 

Symposium on Radioactivity in Industrial 
Water and Industrial Waste Water (STP 235), 
68 pp., 2000 copies. 

+ Symposium on Some Approaches to Durability 
in Structures (STP 236), 70 pp., 2000 copies. 

{+ Symposium on Basic Mechanisms of Fatigue 
(STP 237), 150 pp., 2500 copies. 

{Symposium on Solvent Extraction in the 
Analysis of Metals (STP 238), 86 pp., 2000 
copies. 

+ Symposium on Applications of Soil Testing in 
Highway Design and Construction (STP 239), 
152 pp., 2000 copies. 

+ Symposium on Effect of Water on Bituminous 
Paving Mixtures (STP 240), 74 pp., 2000 
copies. 

{Symposium on Paper and Paper Products 
(STP 241), 92 pp., 2000 copies. 

+ Symposium on Bulk Sampling (STP 242). 

+ Symposium on Materials Research Frontiers 
(STP 243). 

t+ Symposium on Stability of Distillate Fuel 
Oils (STP 244). 

+ Symposium on Advances in Electron Metal- 
lography (STP 245). 


+ 1958 Annual Meeting papers. 
Respectfully submitted on behalf of 


R. E. Hess, 
Chairman. 
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During the year every ASTM District 
held at least one meeting, making a total 
of 28. In addition, a special meeting was 
held in Albuquerque, N. Mex. Fifteen of 
these meetings were jointly sponsored 
with other technical organizations. 

President R. T. Kropf delivered lec- 
tures on ‘Knowledge of Materials,” 
“Textile Research,” and “Future Needs 
for Technical Research” at ten district 
meetings. Everett P. Partridge, 1957 
Marburg lecturer, spoke at Southwestern 
and Northern California District meet- 
ings on “Industrial Water.” The 1957 
Gillett lecturer, Alvin J. Herzig, ad- 
dressed the Northern California, South- 
ern California, and Detroit Districts on 
“Molybdenum and Its Promising Alloys.” 

Several districts have developed their 
technical programs in new and interest- 
ing ways. For example, the Chicago 
District met in conjunction with the 
Nuclear Congress; the Philadelphia 
District was host to a visiting delegation 
of the European Productivity Agency; 
and the New York District continued 
its program of having one meeting a year 
called a “Night at a Particular Com- 
pany,” this year being General Electric. 
Several districts, including the Southern 
California, Northern California, New 
York, New England, Washington, and 
Southwestern, have participated in Local 
Technical Societies Council, affairs and 
Science Fairs. This has increased the 
awareness of other societies of the pur- 
poses of ASTM. 
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The Southeastern District was offici- 
ally formed. Inaugural meetings were 
held in Columbus, Ga., and Shawmut, 
Ala. in November 1957, at which Presi- 
dent R. T. Kropf and Executive Secre- 
tary R. J. Painter were present. 

The proposed formation of a Central 
New York District Council, to comprise 
part of the former New York District, 
was approved by the Administrative 
Committee on District Activities and 
recommended to the Board of Directors 
for their approval. This step was taken 
in recognition of the need for formal 
Society organization in industrial areas 
geographically isolated from large centers 
of population. 

Formation of a Rocky Mountain 
District, encompassing the states of 
New Mexico, Arizona, Colorado, Utah, 
Wyoming, and part of Western Texas, is - 
under active study. A poll of members is 
being held following a very successful © 
exploratory meeting in Albuquerque, N. 
Mex. 

The Administrative Committee pe 
District Activities recommended to the 
Board of Directors that revisions be 
made to the Charter and Manual for 
ASTM Districts to eliminate the require- 
ment that annual reports be submitted — 
by districts. This recommendation was — 
subsequently approved. This step was. 
taken in view of the fact that all perti- 
nent information is currently supplied to. 
Headquarters. 
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The Administrative Committee on 
District Activities recommended that 
each council appoint one member to 
handle local publicity. Of the 16 districts, 
6 have appointed such public relations 
representatives, and publicity in local 
papers and technical journals has mark- 
edly increased. 

At the request of several districts, the 
Administrative Committee on District 
Activities reviewed the provisions of the 
Charter for Districts relating to the size 
of District Councils. The committee has 
recommended changes to the Board of 
Directors to allow for larger councils 
where wider representation is desirable. 
However, it was stressed that the quality 
of District Council membership was of 
prime importance. 

District Councils have been encour- 
aged to form membership committees to 
stimulate Society membership. Only 
three councils have reported active com- 
mittees, and further study in this area is 
* contemplated by the Administrative 
Committee on District Activities. 

The Students Awards Program 
reached an all-time high, with nine dis- 
tricts presenting over 200 individual 
awards. This year the Northern Cali- 
fornia, Western New York — Ontario, 
and New England Districts made 


awards for the first time. In addition, 
three other districts—Ohio, Washington, 
and St. Louis—have programs under 
study. The Cleveland District plans to 
renew them next year. 

The St. Louis District was host to 
National Committee Week held in 
February 1958, and the New England 
District will be host to the Annual 
Meeting to be held in Boston. Two 
industry luncheons, for steel and chem- 
icals, were held in St. Louis, together 
with a dinner featuring an address by 
William M. Holaday, Director of Guided 
Missiles, Defense Department. 

The Administrative Committee on 
District Activities held a meeting during 
the 1957 Annual Meeting, at which J. H. 
Calbeck was appointed to fill a vacancy. 
The committee sponsored its annual 
breakfast meeting for District Council 
officers. Once again, it proved to be a 
valuable clearing house for information 
and practices used by the councils in 
their District affairs. 


Respectfully submitted on behalf of 
the committee, 
C. M. 


Chairman. 

ALBERT Batik, 
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Meetings of the Administrative Com- 
mittee on Research were held on June 
18, 1957, in Atlantic City, N. J., and on 
December 18, 1957, at ASTM Head- 
quarters. 

There were no changes in membership 
of this committee during 1957. A. T. 
McPherson and Frank T. Sisco were re- 
appointed for three-year terms. Because 
of the wide interest that ASTM has in 
research in many fields, it is suggested 
that additional appointments be made to 
the present seven-man committee. 

Financially, a modest gain of about 
$8000 was made in the research fund, 
bringing the total to about $85,000. 
Contributions totaling $1300 were 
made during the financial year to Com- 
mittee D-15 on Engine Antifreezes, the 
Corrosion Research Council of the En- 
gineering Foundation, and through Com- 
mittee B-8 on Electrodeposited Coatings 
to finance cooperatively some research 
with the American Electroplaters Society 
Research Fund. At the request of Com- 
mittee D-9 on Electrical Insulation, 
tentative authorization was also given 
to support a research project on testing 
of thermosetting laminates in coopera- 
tion with the National Electrical Manu- 
facturers Assn. and Electronic Indus- 
tries Assn. 

Currently, the Administrative Com- 
mittee on Research is giving considerable 
attention to the best way to put the 
Research Fund to work. The attention 
of technical committees is being called 
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to the existence of the fund to assure 
that worthy projects which might be 
supported are called to the attention of 
the Administrative Committee. 

Plans were made to sponsor a sym- 
posium on research at the 1958 Annual 
Meeting in Boston. This was in coopera- 
tion with the New England District 
Council Committee. The general subject 
of this symposium is ‘Materials Re- 
search Frontiers.” It is believed that 
this symposium will be a real contribu- 
tion to the excellence of the technical 
program as the wide range of materials 
to be discussed should have appeal to 
most of the Society membership. 

A series of short articles by members 
of the Administration Committee were 
printed in the ASTM BULLETIN through- 
out the year. These “ACR Notes” 
generally cover items in which the com- 
mittee is interested and which it is feit 
should receive the attention of the ASTM 
membership. 

There has been only fair response 
from the technical committees in sup- 
porting or contributing to the listing of 
“Challenges in Materials Research” 
(formerly ‘“‘Unsolved Problems’’). Al- 
though calling attention to needed re- 
search has been a worthy objective, 
there is some doubt as to whether the 
good this project accomplishes outweighs 
the difficulties that have been encount- 
ered in promoting it. 

One of the objectives of this committee 
is to make known the research activities 


. 


| 
) 
r 
y 
al 
n 
g 
il 
il 
a 
n 
n 
| 
| 


92 


of the Society. This is not easy since such 
activities cover a broad range of ma- 
terials and it is often difficult to separate 
new knowledge gained by technical com- 
mittee investigations from the general ac- 
cumulation of information and experi- 
ence in developing a test method or 
setting up a specification. The technical 
committees are being urged to review 
their research activities frequently and to 
publicize those items that are worthy of 
promotion as added knowledge of engi- 
neering materials. Currently, an effort is 
being made to survey thoroughly all re- 
search activities in progress or contem- 
plated by the technical committees. An 
up-to-date “Review of ASTM Research 
Projects” is expected to be one result 
of this survey. 

Periodically, the Administrative Com- 
mittee reviews technical committee re- 
search projects that involve solicitation 
of funds. Sixteen projects of this nature 
were reviewed at the December 1957 
meeting. Contact with the many re- 
searches of the National Research 
Council’s Division of Engineering and 
Industrial Research is maintained 
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through a Society representative. Like- 
wise, close liaison is maintained with the 
activities of the Engineering Foundation. 

Considerable attention was given at 
the last meeting of the Administrative 
Committee to questions posed by the 
Long Range Planning Committee of the 
Board of Directors. The whole subject of 
research funds and research encourage- 
ment is still actively being discussed, 
as well as means to make the Admini- 
strative Committee on Research more 
effective. Partly as a result of discus- 
sion on long range planning, a recommen- 
dation was made to the Board for the 
establishment of an Administrative 
Committee on Education. This would 
have as its chief function the establish- 
ment of a policy relating to all matters of 
the Society’s contacts with universities. 


Respectfully submitted on behalf of 
the committee, 
Bruce W. GONSER, 


Chairman. 
FRANK Y. SPEIGHT, 
Secretary. and J 
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Two meetings were held during the 
past year: at Atlantic City, N. J., June 
20, 1957, and at St. Louis, Mo., February 
11, 1958. The new officers of the com- 
mittee are studying the scope of the 
committee’s activities and are consider- 
ing new areas and additional members to 
strengthen its coverage. 

The brittle fracture problem and crack 
propagation have been discussed at con- 
siderable length. The aircraft industry is 
in need of a suitable tear test. The brittle 
fracture field in general needs clarifica- 
tion and unification. To this end a 
Session on Crack Propagation! is be- 
ing sponsored during the 1958 Annual 
Meeting at Boston. 

Another topic of interest is behavior of 
material under repeated loading into the 
plastic range. It has been arranged for 


1The papers presented at this session ap- 
pear in this volume, under Technical Papers. 
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SIMULATED SERVICE TESTING 


L. F. Coffin to give a résumé of work in 
this field? at the Annual Meeting. 

The problem of sonic fatigue has been 
discussed and an attempt will be made to 
find speakers on this subject. 

Other topics discussed were tests of 
gasket materials, six-component testing, 
new types of impact testing, formability 
tests, and high-temperature compression 
tests. Generally speaking, it is the func- 
tion of the committee to discuss situa- 
tions where conventional tests do not 
give realistic answers. 


Respectfully submitted on behalf of 
the committee, 
R. E. PETERSON, 


Chairman. 
J. W. Cavum, 
Secretary. 


2L. F. Coffin, “A Mechanism for Nonpropa- 
gating Fatigue Cracks,” ». « p. 570. 
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The steadily increasing use of pre- 
stressed concrete has resulted in two 
specifications covering the steel wire and 
wire strand. Tentative Specifications for 
Uncoated Seven-Wire Stress-Relieved 
Strand for Prestressed Concrete (A 
416 - 57 T)' were published late in 1957, 
and proposed Tentative Specifications 
for Uncoated Stress-Relieved Wire for 
Prestressed Concrete are appended to 
this report.” Both of these specifications 
were developed in Subcommittee V. 

Eleven specifications covering bar 
steels have been revised in Subcommittee 
XV by including all the common re- 
quirements in the new Tentative Speci- 
“fications for General Requirements for 
Hot-Rolled and Cold-Finished Carbon 
and Alloy Steel Bars (A 29-57 T).! 
The revised specifications as well as 
Specification A 29 were published late in 
1957. 

Subcommittee XIX has revised and 
realigned the specifications covering 
sheet and strip steel. It has also de- 
veloped the Tentative Specifications for 
Carbon Steel Sheets of Flange and Fire- 
box Qualities (A 414-57 T)' and the 
proposed Tentative Specifications for 
Steel Sheets for Porcelain Enameling.’ 
The realignment of coverage led to the 
withdrawal of the Tentative Specifica- 
tions for Light-Gage Structural Quality 
Flat Rolled Carbon-Steel Sheets (A 

* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

11957 Supplement to Book of ASTM Stand- 
ards, Part 1. 


2? The new tentative specifications appear in 


the 1958 Book of ASTM Standards, Part 1. 
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246-52T) and the publication of the 
Tentative Specifications for Hot-Rolled 
Carbon Steel Sheets, Commercial Qual- 
ity (A 415-57 T)' as well as the 
proposed Tentative Specifications for 
Hot-Rolled Carbon Steel Strip of 
Commercial Quality.? 

In the field of steel fasteners, Sub- 
committee XXVI has completely re- 
vised its three specifications covering 
bolting materials. The three proposed 
revised specifications A 307, A 325, and 
A 354 are appended to this report.’ 

Three particularly significant speci- 
fications have been developed in the 
field of tubular products. These are 
appended to this report as the proposed 
Tentative Specifications for Butt Welds 
in Still Tubes for Refinery Service, 
for Seamless and Electric Resistance 
Welded Low-Alloy Steel Tubes for 
Economizers,?> and for Centrifugally 
Cast Ferritic Alloy Steel Pipe for High- 
Temperature Service.” 

The production in this country in 
1957 of basic oxygen steel resulted in 
requests for our steel product specifica- 
tions to cover it. The process has been 
approved for pipe produced to Speci- 
fications A 53 and A 120 and is being 
considered for structural steel, concrete 
reinforcing bars, bar steel, and sheet and 
strip products. 

Another quite significant new docu- 
ment is the Tentative Method for Ultra- 
sonic Testing and Inspection of Turbine 
and Generator Steel Rotor Forgings 


3 The revised specifications appear in the 1958 
Book of ASTM Standards, Part 1. 
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(A 418-57 T)! developed by a special 
task group in Subcommittee VI dealing 
with brittle failure of rotor forgings. 
This task group sponsored a special 
meeting for discussion of the subject 
with delegates to the World Metallur- 
gical Congress at ASTM Headquarters 
on November 11, 1957. Technical men 
from Italy, Germany, Great Britain, 
France, and Japan attended and en- 
tered freely into discussions after four 
technical papers were given by members 
of the task group. These papers together 
with two discussions received after the 
meeting from abroad were published by 
the Society in a Special Technical Publi- 
cation, ASTM STP No. 231. 


Meetings—Committee A-1 met on 
June 19, 1957, in Atlantic City, N. J., 
in conjunction with the 1957 Annual 
Meeting of the Society. On June 16, 17, 
and 18 twenty-six subcommittees, sec- 
tions, and task groups met to prepare 
reports for committee action. At the 
Committee A-1 meeting, P. K. Conn, 
General Electric Co., discussed typical 
radiation effects on steel products, 
correlating these data with appropriate 
ASTM steel specifications. Another talk 
was given by N. L. Mochel, Westing- 
house Electric Corp., outlining that 
nuclear power will be the power source 
of the future and that Committee A-1 
should be just as interested in standard- 
izing materials for nuclear power plants 
as it has been for conventional power 
plants. 

Committee A-1 participated in the 
1958 Committee Week in St. Louis, Mo. 
The main committee met on February 
12, and 28 subcommittees, sections, and 
task groups met on February 9, 10, and 
11 to prepare proposals for committee 
action. On February 11; Committee 
A-1 sponsored a Steel Industry Lunch- 
eon with N. P. Veeder, President, 
Granite City Steel Co., as the featured 
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Personnel.—The committee consists of 
330 voting members, including 147 
producers, 137 consumers, and 46 
general interest members. 

R. R. Williams, U. S. Steel Corp., has 
been appointed chairman of Sub- 
committee XIX on Steel Sheet, replacing 
E. F. Lundeen who has retired from his 
position with Inland Steel Co. In view 
of his many years of service to Com- 
mittee A-1 and his excellent guidance of 
the work of Subcommittee XIX during 
his long term of office as chairman of 
that group, Mr. Lundeen was elected an 
honorary member of Committee A-1. 

R. B. Stampfle, Bethlehem Steel 
Co., has been appointed as secretary of 
Subcommittee I on Steel Rails and 
Accessories. In Subcommittee VIII on 
Steel Castings, T. W. Merrill, Vana- 
dium Corp. of America, was appointed 
vice-chairman. 

J. L. Menson, Combustion Engineer- 
ing, Inc., has been appointed for a two- 
year term as member-at-large of the 
Advisory Committee. Other men re- 
appointed for two-year terms were as 
follows: 


C. J. Boyle, General Electric Co. : 

H. F. Brown, Esso Research & Eng. Co. | 

F. E. Foster, Riley Stoker Corp. 

M. D. Helfrick, Western Electric Co. 

J. E. Lattan, Taylor Forge and Pipe 
Works 

J. G. Morrow, Steel Company of Canada, 
Ltd. 

M. A. Pinney, The Pennsylvania Rail- 
road Co. 

W. S. Scctt, Republic Steel Corp. 

L. H. Winkler, Bethlehem Steel Co. 


The committee records, with great 
regret, the deaths of three former mem- 
bers of Committee A-1. F. B. Olcott, of 
the firm of Shirley, Olcott, and Nichols, 
was a member of Committee A-1 since 
1934, serving on Subcommittees II 
(Structural Steel) and VIII (Steel 
Castings). J. J. White, chief metal- 
lurgical engineer of the Erie Forge and 
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Steel Corp., had been quite active in 
Subcommittee VI (Steel Forgings) and 
Subcommittee XXII (Piping Materials 
for High Temperature and Subat- 
mospheric Temperature Service). J. H. 
Romann, consulting engineer, had repre- 
sented Tube Turns, Inc., on Subcom- 
mittees VI and XXII from 1939 till 
1943. 

Election of Officers.—The officers elec- 
ted for the ensuing term of two years 
were as follows: 

Chairman, J. J. Kanter. 

Producer Vice-Chairman, C. L. Clark. 

Producer Vice-Chairman, A. O. Schae- 
fer. 

Consumer Vice-Chairman, W. F. 
Hodges. 

Consumer Vice-Chairman, J. L. Men- 
son, 

Secretary, H. L. Fry. snail) 
RECOMMENDATIONS ACCEPTED BY THE 

ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On August 15, 1957, the Administra- 
tive Committee on Standards, acting for 
the Society, accepted the following 
recommendations of Committee A-1: 


New Tentative Specifications for: 


General Requirements for Hot-Rolled and Cold- 
Finished Carbon and Alloy Steel Bars (A 
29 - 57 T). 


Revision of .Tentative Specifications for: 


General Requirements for Delivery of Rolled 
Structural Steel (A 6-56 T), 

Hot Rolled Carbon Steel Bars (A 107 — 52a T), 

Cold-Finished Carbon-Steel Bars and Shafting 
(A 108 - 52 T), 

Quenched and Tempered Alloy Steel Bars 
(A 286 - 52 T), 

Alloy Steel Bars to End Quench Hardenability 
Requirements (A 304 — 55 T), 

Carbon Steel Bars Subject to Mechanical 
Property Requirements (A 306-55 T), 

Stress Relief Annealed Cold Drawn Carbon 
Steel Bars (A 311-52 T), 

Quenched and Tempered Carbon-Steel Bars 
(A 321 - 52 T), 

Hot-Rolled Alloy Steel Bars (A 322 - 52 T), 
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Cold-Finished Alloy Steel Bars (A 331-50 T), 


Alloy Steel ars for Nitriding (A 355-52 T), 
and 

Cold-Finished Quenched and Tempered Alloy 
Steel Bars (A 364 - 52 T). 


On September 3, 1957, the Admin- 
istrative Committee on Standards ac- 
cepted the following recommendations: 


New Tentative Specifications for: 


Carbon Steel Chain (A 413 - 57 T), 

Carbon Steel Sheets of Flange and Firebox 
Qualities (A 414 - 57 T), 

Hot Rolled Carbon Steel Sheets, Commercial 
Quality (A 415 - 57 T), 

Uncoated Seven-Wire Stress-Relieved Strand 
for Prestressed Concrete (A 416-57 T), and 

Upholstery Spring Wire for Zig-Zag Type and 
Square Formed Type and No-Sag Type 
Spring Units (A 417 - 57 T). 


New Tentative Method for: 


Ultrasonic Testing and Inspection of Turbine 
and Generator Steel Rotor Forgings (A 
418-57 T). 


Revision of Tentative Specifications for: al 


Carbon Steel Axles for Cars and Tenders 
(A 21 - 57 T), 

Alloy-Steel Bolting Materials for High-Temper- 
ature Service (A 193 — 56 T), 

Carbon-Steel Castings Suitable for Fusion 
Welding for High-Temperature Service 
(A 216-56 T), 

Flat Rolled Carbon Steel Sheets of Structural 
Quality (A 245 — 52 T), 

Carbon and Alloy Steel Forgings for Turbine 
Rotors and Shafts (A 293 - 55 T), 

Alloy-Steel Bolting Materials for Low-Temper- 
ature Service (A 320-56 T), 

Seamless and Welded Steel Pipe for Low-Tem- 
perature Service (A 333 — 55 T), 

Alloy Steel Seamless Drum Forgings (A 336 - 
57 T), 

Ferritic and Austenitic Steel Castings for High- 
Temperature Service (A 351 — 52 T), 

Ferritic Steel Castings for Pressure Containing 
Parts Suitable for Low-Temperature Service 
(A 352 - 55 T), 

Cold-Rolled Carbon Steel Sheets, Special 
Killed for Miscellaneous Drawn or Severely 
Formed Parts (A 365 - 53 T), 

Cold-Rolled Carbon Steel Sheets, Commercial 
Quality (A 366 — 53 T), and 

Alloy Steel Castings Specially Heat Treated for 

Pressure Containing Parts Suitable for High- 

Temperature Service (A 389-56 T). 
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Revision and Reversion to Tentative of Standard 
Specifications for: 


Black and Hot-Dipped Zinc-Coated (Galvan- 
ized) Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120 - 54), 

Alloy Steel Castings for Pressure Containing 
Parts Suitable for High-Temperature Service 
(A 217 - 55), 

Carbon Steel Forgings for Railway Use (A 
236 — 57), 

Carbon and Alloy Steel Forgings for Magnetic 
Retaining Rings for Turbine Generators 
(A 288 — 55), 

Carbon and Alloy Steel Forgings for Turbine 
Generator Rotors and Shafts (A 292-55), 

Carbon and Alloy Steel Forgings for Turbine 
Bucket Wheels (A 294 - 55), and 

Forged or Rolled Carbon and Alloy Steel 
Flanges, Forged Fittings, and Valves and 
Parts for Low-Temperature Service (A 
350 — 57). 


Withdrawal of Tentative Specifications for: 


Light Gage Structural Quality Flat Rolled 
Carbon-Steel Sheets (A 246 - 52 T). 


The new and revised specifications 
appear in the 1957 Supplement to Book 
of ASTM Standards, Part 1. 

On April 14, 1958, the Administrative 
Committee on Standards accepted the 
recommendation to revise the Tentative 
Specifications for Welded and Seamless 
Steel Pipe (A53-57T). The revised 
specifications have been published as a 
separate reprint. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for publi- 
cation 8 new tentatives and is recom- 
mending the revision of 39 tentatives 
and ‘14 standards. Three standards are 
being revised and reverted to tentative 
status, and a tentative revision of one 
standard is being recommended. In 
addition seven standards are being 
reaffirmed. Eight tentatives are being 
adopted as standard, of which four are 
being revised. Three tentatives are 
recommended for withdrawal. 

The standards and tentatives affected, 
together with the revisions recom- 


mended, are given in detail in the 
Appendix.‘ 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Only highlights of the many current 
subcommittee activities will be covered 
in the following paragraphs: 

There have been many discussions in 
Subcommittee [IX on the possibility of 
drafting ASTM specifications for 
mechanical tubing. Because of the wide 
variety of products included under this 
category, the task was considered im- 
possible. However in 1958 a task group 
was appointed to draft two proposed 
specifications for low-carbon _ steel 
mechanical tubing, one to cover the 
seamless and the other the welded 
product. 

A similar situation has existed with 
respect to drafting specifications for 
cold heading wire, since with the wide 
variety of products covered by this title 
it seemed impossible to arrive at a 
proper specification. After some years of 
investigation, it has finally been de- 
cided to have Subcommittee XXVI 
draft proposed specifications covering 
commercial round cold-drawn wire for 
cold heading. 

Subcommittee VI has been very active 
the past few years in the development of 
a nondestructive test method for in- 
spection of forgings. It is now engaged in 
writing a test method utilizing dye 
penetrant and phosphorescent liquid 
penetration. 

Several new specifications are being 
developed in the field of flat products. 
A proposed specification for high- 


*See p. 100. 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters, 
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strength cold-rolled steel sheets for 
structural purposes is being drafted by 
Subcommittee XIX. For pressure vessel 
construction, Subcommittee XI_ has 
been asked to prepare a proposed speci- 
fication for leaded steel plates for boilers 
and pressure vessels. 

Finally, in the field of construction and 
structural work, Subcommittee II is 
drafting a proposed specification for 
high-strength steel of the intermediate 
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concrete reinforcement, 
strength of 75,000 psi. 


with a yield 


This report has been submitted to 
letter ballot of the committee, which 
consists of 330 members; 237 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


manganese type for plates, shapes, and re W. F. CoLiins, 
bars. Also Subcommittee V has under bea Chairman 
way proposed specifications for high- H.L. Fry, 
strength carbon and alloy billet steels for Secretary. dst ah Jen’ 
“4 Subsequent to the Annual Meeting, Committee A-1 presented to the Society through hae 
t the Administrative Committee on Standards the following recommendations: 
New Tentative Specifications for: 
: Austenitic Steel Forged and Bored Pipe for High-Temperature Service (A 430 —- 58 T), 
and 
High-Strength Billet Steel Bars for Concrete Reinforcement (A431-58T). 


Revision of Tentative Specifications for: 

7 Billet-Steel Bars for Concrete Reinforcement (A 15 - 57 T), Snsnby 

Seamless Carbon-Steel Pipe for High-Temperature Service (A 106-55 T), ; 
Cold-Rolled Carbon Steel Strip (A 109 - 58 T), pas? 


a. Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for 
High-Temperature Service (A 182 57 T), 
a Welded Steel Wire Fabric for Concrete Reinforcement (A 185 - 56 T), =A 
{ Carbon-Steel Castings Suitable for Fusion Welding for High-Temperature Service (A 

216 - 57 T), 
3 Alloy Steel Castings for Pressure Containing Parts Suitable for High-Temperature __ 
Service (A 217 - 57 T), 
q Factory-Made Wrought Carbon Steel and Ferritic Alloy Steel Welding Fittings (A ’ 
9 234 58 T), 
2, Flat-Rolled Carbon Steel Sheets of Structural Quality (A 245 - 57 T), a 


Carbon and Alloy Steel Forgings for Turbine Generator Rotors and Shafts (A 292 - a4 
% Carbon and Alloy Steel Forgings for Turbine Rotors and Shafts (A 293 - 57 T), _ S 


& Hot-Rolled Carbon Steel Strip of Structural Quality (A 303 - 58 T), 
Alloy-Steel Bolting Materials for Low-Temperature Service (A 320 58 T), © 
Seamless and Welded Steel Pipe for Low-Temperature Service (A 333 - 57 T), i?= 


Forged or Rolled Carbon and Alloy Steel Flanges, Forged Fittings, and Valves and © 
J Parts for Low-Temperature Service (A 350 - 57 T), = 
a Ferritic and Austenitic Steel Castings for High-Temperature Service (A 351 - 57 T), - 
{ Ferritic Steel Castings for Pressure Containing Parts Suitable for Low-Temperature ae ' 
Service (A 352 - 58 T), itl 


Cold-Rolled Carbon Steel Sheets, Special Killed for Miscellaneous Drawn or Severely 
Formed Parts (A 365 - 57 T), , 
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Cold-Rolled Carbon Steel Sheets, Commercial Quality (A 366 — 57 T), 


a High Strength Low Alloy Cold-Rolled Steel Sheets and Strip (A 374 54 T), 
“i High Strength Low Alloy Hot-Rolled Steel Sheets and Strip (A 375 - 54 T), 7 ey ] 
Factory-Made Wrought Austenitic Steel Welding Fittings (A 403 - 58 T), Pete et * 


Special Large Size Deformed Billet Steel Bars for Concrete Reinforcement (A 408 - 


T), 
Carbon Steel Sheets of Flange and Firebox Qualities (A 414 — 57 T), 
Hot-Rolled Carbon Steel Sheets, Commercial Quality (A 415 - 57 T), » te 


Steel Sheets for Porcelain Enameling (A 424 - 58 T), and 
Hot-Rolled Carbon Steel Strip, Commercial Quality (A 425 - 58 T). 


_ Cold-Drawn Steel Wire for Concrete Reinforcement (A 82 — 34), - 
Carbon Steel Blooms, Billets, and Slabs for Forgings (A 273 54), and 
ajar Alloy Steel Blooms, Billets, and Slabs for Forgings (A 274 — 54). a nm ay 


These recommendations were accepted by the Society on September 9, 1958, and 
ee the new and revised specifications appear in the 1958 Book of ASTM Standards, Part 1. 
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In this Appendix, recommendations 
are given affecting certain specifications 
both standard and tentative, covering 
various steel products. The specifications 
under revision appear in their present 
form in either the 1955 Book of ASTM 
Standards, Part 1, or the 1956 or 1957 
Supplements to the Book of ASTM 
Standards, Part 1. 

NEw TENTATIVES 

The committee recommends for pub- 
lication as tentative the following 
specifications as appended hereto:! 


Tentative Specifications for: 


Uncoated Stress-Relieved Wire for Prestressed 
Concrete, 

Wrought Alloy Steel Rolls for Cold and Hot 
Reduction, 

Butt Welds in Still Tubes for Refinery Service, 

Seamless and Electric Resistance Welded Low- 
Alloy Steel Tubes for Economizers, 

Steel Sheets for Porcelain Enameling, 

Hot-Rolled Carbon Steel Strip of Commercial 
Quality, 

Centrifugally Cast Ferritic Alloy Steel Pipe 
for High-Temperature Service, and 

Factory Made Wrought Carbon Steel and Alloy 
Steel Welding Fittings of Seamless or Welded 
Construction for Low Temperature Service. 


REVISIONS OF TENTATIVES 


_ The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specification for Steel for 
Bridges and Buildings (A 7 — 56 T): 


' The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 1. 
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PROPOSED RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


Section 4 (b)—In line 7 add the 
words “basic oxygen” after the words 
“open hearth.” 

Section 5 (a).—In the last line revise 
as indicated above for Section 4 (0). 

Table II.—In the first column in two 
places where the words “open hearth or 
electric furnace” appear, change to read 
“open hearth, basic oxygen, or electric 
furnace.” 


Tentative Specification for General Re- 
quirements for Hot Rolled and Cold 
Finished Carbon and Alloy Steel 
Bars (A 29 — 57 T): 


Section 3 (a).—In the paragraph cap- 
tion and in the first sentence add the 
words “basic oxygen” after the words 
“open hearth.” 

Section 4 (b).—In the fourth line re- 
vise as indicated above for Section 3 
(a). 

Table I.—¥or phosphorus require- 
ments, in the second column, revise 
“open hearth steel” to read “open hearth 
and basic oxygen steel.” 


Tentative Specifications for Welded and 
Seamless Steel Pipe (A 53 - 58 T): 


Section 4 (a).—Replace the present 
second sentence with the following: 
“Samples for chemical analysis shall be 
taken in accordance with the Method of 
Sampling Steel, Cast Iron, Open Hearth 
Iron, and Wrought Iron (ASTM Desig- 
nation: E 59).?” 


2 1958 Book of ASTM Standards, Part 3. 
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Tentative Specifications for Low-Carbon 
Steel Track Bolts and Nuts (A 76- 
56 T): 


Section 10.—Revise to read as follows: 


10. The bolts and nuts shall conform to the 
plans specified by the purchaser, subject to the 
following variations (see Note 1): 


Shank diameter for cut 


thread bolt.......... +64 in. or —¢ in. 
Neck dimensions....... +449 in. or in. 
Length under head..... + in. or —\% in. 
Height and diameter of 

Nut width....... .... —(0.05 thread 


diameter of bolt) 


in. 
+(0.016 X_ thread 


7 diameter of bolt 
19) 
= ist 


+0.012) in. or 
— (0.016 X thread 
diameter of bolt 
+0.028) in. 

Note 1.—Standard for industrial use is an 
oval neck bolt (ASA No.: B18.10—1952, p. 7) 
in., $in., tin., in., and 1 in. in diameter with 
a free fit heavy square nut (ASA No.: B18.2— 
1955, p. 24). 

(a) The nominal size of bolts shall be the 
over-all diameter of the threads. 

(b) The outside diameter of the finished rolled 
threads shall not exceed the diameter of the 
shank of a cut thread bolt of corresponding size. 

The diameter of the rolled threads shall not 
exceed the diameter of the shank by more than 
7s in. for bolts } in. and under in diameter, nor 
more than #y in. for bolts 1 in. and over in 
diameter. 


Tentative Specifications for Seamless 
Steel Boiler Tubes (A 83 — 56 T): 


Section 4 (a).—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Forged or 
Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for 
High-Temperature Service (A 105 - 
57 T): 


Table I.—For both grades add a 
maximum permissible carbon content of 
0.35 per cent to the table and delete the 
present footnote a. Add a new foot- 
note a, referenced in the table to the 
silicon content, to read “It may be 
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necessary to add silicon to the compo- 
sition for grade II and for the heavier 
thicknesses of grade I flanges in order 
to meet the required tensile properties. "i 
The silicon content shall not exceed 0.35 > 4 
per cent.” j 
Section 5 (d).—Revise by the addition | 
of the following words: “except by : 
agreement between the manufacturer 
and the purchaser.” 


Tentative Specification for Hot-Rolled — 
Carbon Steel Bars (A 107 — 57 T): 


Section 4—Add the words “basic ] 
oxygen” after the words “open hearth.” 
Table I.—In the first subtitle add the 
words “basic oxygen” after the words " 

“open hearth.” 

Also in footnote a, in two places, add _ 
the words “basic oxygen” after the 
words “‘open hearth.” 


Tentative Specification for Cold-Finished _ 

Carbon-Steel Bars and Shafting ( — 
108 — 57 T): a 


Section 4—Add the words “basic 
oxygen” after the words “open hearth.’ 

Table I—Revise the first and second 
subtitles by adding the words “basic 
oxygen”’ after the words “open hearth.” 
Revise footnote a as indicated above 
for Table II in Specification A 107. 


Tentative Specifications for Cold-Rolled 
Carbon Steel Strip (A 109 — 49 T): 


These specifications have been ex- 
tensively revised and are appended 
hereto in their proposed revised form.* 


Tentative Specifications for Electric- 
Resistance-Welded Steel Pipe (A 
135 — 57 T): 


Section 5 (a)—Add a new second 
sentence to read “Samples for chemical 
analysis shall be taken in accordance 
with the Method of Sampling Steel, 
Cast Iron, Open-Hearth Iron, and 


3 The revised tentatives appear in the 1958 
Book of ASTM Standards, Part 1. 
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Wrought Iron (ASTM Designation: E 


Tentative Specifications for Seamless 

Low-Carbon and Carbon-Molyb- 
denum Steel Still Tubes for Refinery 
Service (A 161-55 T): 


Section 1—Add a new Paragraph (c) 
to read ‘“‘Where butt welding is used to 
obtain lengths longer than single lengths 
normally produced on the mill, the 
Specifications for Butt Welds in Still 
Tubes for Refinery Service (ASTM 
Designation: A 422)* shall cover the 
requirements for butt welds.” 

Section 6 (a)—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Electric- 
Resistance-Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178 - 

56 T)s 

Section 5 (a).—Revise as indicated 

above for Section 4 (a) in Specifications 

A 53. 

Tentative Specifications for Seamless 
Cold-Drawn Low Carbon Steel Heat 

_ Exchanger and Condenser Tubes (A 

179-56T): 


Section 1 (b)—Add a note after this 
section to read: ‘““Note.—Tubing smaller 
in outside diameter and having thinner 
wall than indicated herein is available. 
These smaller sizes may require different 
mechanical and manipulating tests which 
should be a matter of agreement between 
the manufacturer and the purchaser.” 

Section 5 (a)—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Forged or 

Rolled Steel Pipe Flanges, Forged 
_ Fittings, and Valves and Parts for 
‘ General Service (A 181 — 57 T): 


Table I—Revise as indicated above 
for Table I in Specifications A 105. 


4 1958 Book of ASTM Standards, Part 1. 


Tentative Specifications for Seamless 
Steel Boiler Tubes for High-Pressure 
Service (A 192 - 57 T): 


Section 1 (b).—Revise as indicated 
above for Section 1 (6) in Specifications 
A 179. 

Section 5 (a).—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Alloy-Steel 
Bolting Materials for High-Tempera- 
ture Service (A 193 — 57 T): 


Section 8 (b)—Revise to read as 
follows: 


(b) The yield point shall be determined by the 
drop of the beam or other approved method, as 
described in Section 7 (f) (J), (2), or (3) of 
Methods A 370. The speed of testing shall not 
exceed $ in. per min of crosshead speed. Where a 
definite yield point is not exhibited, the yield 
strength corresponding to a limiting permanent 
offset of 0.2 per cent of the gage length of the 
specimen shall be used as described in Section 
7 (g) (1) of Methods A 370. The tensile strength 
shall be determined at a maximum crosshead 
speed of 14 in. per min. 


Section 9.—Revise Paragraph (a) to 
read as follows: 


(a) Tension test specimens taken from 
finished bolts, screws, studs or stud bolts shall 
be machined to the form and dimensions and 
shall be taken from positions shown in Section 
F 2, Paragraph (d) of Methods A 370. Tension 
test specimens from bar stock are covered by 
Section 5 (6) (2), (3) and (4). 


Delete the present Paragraphs (5) and 
(c) and reletter Paragraph (d) as new 
Paragraph (0). 


Tentative Specifications for Carbon and 
Ailoy Steel Nuts for Bolts for High- 
Pressure and High-Temperature Serv- 
ice (A 194-57 T): 

Section 8 (c).—Revise to read as 


follows: 


(c) The hardness may be measured by the 
Brinell or Rockwell hardness tests. The position 
of the test and descriptions of the methods are 
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given in Section F 5, Paragraph (6) and Sections 
9 to 11, inclusive, of Methods A 370. 


Tentative Specifications for Seamless 
Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser 
Tubes (A 199 — 56 T): 


Section 1 (a).—Revise as indicated 
above for Section 1 (6) in Specifications 
A 179. 

Section 6 (a).—Replace the present 
second and third sentences by the new 
sentence recommended above for Sec- 
tion 4 (a) in Specifications A 53. 


Tentative Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200-55 T): 


Section 1—Add a new Paragraph (d) 
to read as indicated above for new 
Paragraph (c) to Section 1 in Specifica- 
tions A 161. 

Section 6 (a).—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 209 
-55T): 


Section 6 (a).—Replace the second and 
third sentences by the new sentence rec- 
ommended above for Section 4 (a) in 
Specifications A 53. 


Tentative Specifications for Medium 
Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210 — 55 T): 


Section 1 (b)—Revise as indicated 
above for Section 1 (6) in Specifications 
A 179. 

Section 4—Change the permissible 
maximum manganese content from the 
present ‘‘0.80” to read “0.93” per cent. 

Section 6 (a).—Replace thé second and 
third sentences by the new sentence 
recommended above for Section 4 (a) in 
Specifications A 53. 


RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


Tentative Specifications for Seamless 
Alloy Steel Boiler, Superheater, and 
Heat Exchanger Tubes (A 213 -57 
T): 
Section 1—Add a new Paragraph (6) 

to read as follows, relettering subse- 

quent paragraphs accordingly: 
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(b) Grade TP 321 H is a modification of = - 


TP 321 intended for high-temperature service 
such as for superheaters and reheaters. 


Reletter the present Paragraph (5) as 
Paragraph (c) and revise as indicated 
above for Section 1 (5) in Specifications 
A 179. 

Section 4—In Paragraph (a) in the 
first sentence after the words “all ma- 
terial” add the words “except grade TP 
321 H.” 

Add a new Paragraph (c) to read as 
follows: 


(c) The heat treatment of grade TP 321 H 
shall be at a minimum temperature of 2000 F. 
As evidence that the material has received this 
treatment it shall exhibit a grain size of No. 7 or 
coarser as determined in accordance with the 
classification of Austenite Grain Size in Steels 
(ASTM Designation: E 19).? 


Section 7 (a)—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 

Table IT.—Add a new grade TP 321 H 


with the following chemical require- 
ments: 


Carbon, per cent........... 0.04 to 0.10 
Manganese, max, percent.... 2.00 } 
Phosphorus, max, per cent... 0.030 
Sulfur, max, per cent........ 0.030 ’ 
Silicon, max, per cent....... 0.75 
per 9.00 to 13.00 J 
Chromium, per cent......... 17.00 to 20.00 — 


Titanium, per cent.......... 6 


* Grade TP 321 H shall have a titanium con- 
tent of not less than four times the carbon con- 
tent and not more than 0.60 per cent. 


In the present footnote a of Table II, 
change the second sentence to read 
“Small outside diameter are defined as 
those less than 0.500 in. in outside 
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diameter and light wall tubes as those 
less than 0.049 in. in average wall 
thickness (0.040 in. in minimum wall 
thickness).” 

Section 14.—Add a new Paragraph (g) 
to read: 


(g) Grain size determinations on grade 
TP 321 H, as specified in Section 4 (c), shall be 
made on the same number of tubes as prescribed 
for the flattening tests in Paragraph (d). 


Section 21 (a).—Add a new sentence 
to read ‘“‘For grade TP 321 H the mark- 
ing shall also include the heat number 
and the heat treatment lot identifica- 
tion.” 


Tentative Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes (A 
214-56 T): 


Tentative Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure 
Service (A 226 — 57 T): 


Section 5 (a)—Replace the second 
and third sentences by the new sentence 
recommended above for Section 4 (a) in 
Specifications A 53. 


Tentative Specifications for Factory- 
_ Made Wrought Carbon Steel and 
_ Ferritic Alloy Steel Welding Fittings 
(A 234-57T): 


Section 3 (b).—Revise to read as 
follows: 


(b) Manufacturing operations necessitating 
seams joined by fusion welding shall comply 
with the following: 

(1) Carbon steel fittings having nominal 
wall thicknesses equal to or less than extra 
strong IPS are to be (a) welded by welders, 
welding operators, and welding procedures 
qualified under the provisions of Section IX 
of the ASME Boiler and Pressure Vessel 
Code, (b) heat treated in accordance with 
Section 6 of this specification, and (c) radio- 
graphically examined by selecting a minimum 
of four fittings out of each 100 fittings or less 
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in each production lot.* These fittings shall 
be selected at random and the welds therein 
radiographed throughout their entire length 
in accordance with Paragraph UW-51 of 
Section VIII of the ASME Boiler and 
Pressure Vessel Code. If any of these tests 
indicate substandard welding, two additional 
fittings shall be radiographed for each de- 
fective fitting. If any of these fail to meet the 
standards, additional fittings shall be ex- 
amined until the limits of unacceptable 
welding are determined. However, if any ten 
of the fittings selected for radiography in- 
dicate substandard welding, the entire lot 
shall be rejected, unless individually approved 
on the basis of complete radiographic ex- 
amination. 

(2) Carbon steel fittings having nominal 
wall thicknesses heavier than extra strong 
IPS and all ferritic alloy steel fittings are to 
be (a) welded by welders, welding operators, 
and welding procedures qualified under the 
provisions of Section IX of the ASME 
Boiler and Pressure Vessel Code, (b) heat 
treated in accordance with Section 6 of this 
specification, and (c) radiographically ex- 
amined throughout the entire length of each 
weld in accordance with Paragraph UW-51 of 
Section VIII of the ASME Boiler and 
Pressure Vessel Code. 

(3) The joints shall be finished in ac- 
cordance with the requirements of Para- 
graph UW-35 (a) of Section VIII of the 
ASME Boiler and Pressure Vessel Code. 


*A “lot” shall comprise any sequence of 
fittings of the same type, size, and thickness, 
welded under a single procedure. 


Section 6.—Revise to read as follows: 


6. (a) Carbon Steel Fittings (Grades WPA, 
WPB, and WPC): 

(1) Hot-formed carbon steel fittings upon 
which the final forming operation is completed 
at a temperature above 1150 F and below 
1800 F need not be heat treated provided they 
are cooled in still air. If the manufacturer 
elects to heat treat such fittings it shall be by 
one of the procedures defined below. 

(2) Any carbon steel fitting finished at a 
temperature in excess of 1800 F shall sub- 
sequently be normalized, or normalized and 
tempered. 

(3) Cold-formed carbon steel fittings, upon 
which the final forming operation is com- 
pleted at a temperature below 1150 F shall 
be stress relieved at 1100 to 1250 F. 

(4) Carbon steel fittings produced by 
fusion welding shall be stress relieved follow- 
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ing all welding operations at 1100 to 1200 F 
when the nominal wall thickness at the 
welded joint is 3 in. or greater. 

(b) Alloy Steel Fittings: 

(1) Alloy steel fittings of grades WP1 or 
WP12, whether hot forged or cold formed, as 
a final heat treatment shall be tempered at 
not less than 1200 F. 

(2) Alloy steel fittings of grades WP11, 
WP22, and WP5S shall be furnished in the full 
annealed or normalized and tempered con- 
dition. 

(3) Alloy steel fittings produced by fusion 
welding shall be stress relieved at not less than 
1200 F following welding. This applies to all 
grades of chromium-molybdenum steels in all 
thicknesses; grade WP1 is required to be stress 
relieved only when the nominal wall thick- 
ness at the welded joint is 4 in. or greater. 
(c) Heat Treatment Procedures.—Fittings 

after forming at an elevated temperature shall 
be cooled to a temperature below the critical 
range under suitable conditions to prevent 
injuries by too rapid cooling but in no case more 
rapidly than the cooling rate in still air. Fittings 
which are to be heat treated shall be treated 
according to the following procedures: 

(1) Full Annealing.—Fittings shall be 
uniformly reheated to a temperature above 
the transformation range and, after being 
held for a sufficient time at this temperature, 
cooled slowly to a temperature below the 
transformation range. Fittings ordinarily 
are cooled slowly in the furnace but may be 
transferred and cooled in some other slow 
cooling medium such as lime. 

(2) Normalizing.—Fittings shall be uni- 
formly reheated to a temperature above the 
transformation range and_ subsequently 
cooled in still air at room temperature. 

(3) Tempering (Stress Relieving).—Fittings 
shall be reheated to a temperature below the 
transformation range but not less than 1100 
F, held at temperature for not less than 1 hr 
per in. of thickness at the thickest section, and 
cooled in the furnace or in still air. 


New Section—Add a new Section 8 to 
read as follows, renumbering the subse- 
quent sections accordingly: 


8. Hardness—The hardness of the fittings 
shall meet the following requirements: 


cnt 

WPA, WPB, WPC, WPI, 
WP11, WP12, and WP22. 201 


Tentative Specifications for Welded 
Austenitic Stainless Steel Boiler, 
Superheater, Heat Exchanger, and 
Condenser Tubes (A 249 - 57 T): 


Section 1 (b).—Revise as indicated 
above for Section 1 (4) in Specifications 
A 249. 

Table I.—Revise footnote as indi- 
cated above for footnote a of Table II 
in Specifications A 213. 

Section 7 (a).—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Electric- 
Resistance-Welded Carbon-Molyb- 
denum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 — 55 T): 


Section 6 (a).—Replace the third and 
fourth sentences with the new sentence 
recommended above for Section 4 (a) in 
Specifications A 53. 


Tentative Specifications for Hot-Rolled 
Carbon-Steel Strip of Structural Qual- 
ity (A 303 — 52 T): 


Tentative Specifications for Steel Ma- 
chine Bolts and Nuts and Tap Bolts 
(A 307 - 55 T): 


These specifications have been ex- 
tensively revised and are appended 
hereto in their proposed revised 
form.* 


Tentative Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Pipe (A 312 - 57 T): 


Table I——Revise footnote a as indi- 
cated above for footnote a of Table II 
in Specifications A 213. 

Section 6 (a)—Replace the third and 
fourth sentences with the new sentence 
_ Tecommended above for Section 4 (a) in 
Specifications A 53, 
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Tentative Specifications for Alloy-Steel 
Bolting Materials for Low-Tempera- 
ture Service (A 320 — 57 T): 


Section 8 (b).—Revise as indicated 
above for Section 8 (6) in Specifications 
A 193. 

Section 10.—Revise to read as follows: 


10. (a) Tension test specimens taken from 
finished bolts, screws, studs, or stud bolts shall 
be machined to the form and dimensions and 
shall be taken from positions shown in Section 
F 2, Paragraph (d) of Methods A 370. Tension 
test specimens from bar stock are covered by 
Section 5 (6) (2), (3), and (4). 

(b) The impact test specimens shall be tested 
in accordance with Sections 12 to 14, inclusive, of 
Methods A 370 using the Charpy keyhole impact 
specimens described in Fig. 12 or the Charpy 
U-notch impact specimens described in Fig. 13 
of Methods A 370. 

(c) For sections 1 in. or less in diameter, the 
test specimens shall be taken at the axis; for 
sections over 1 to 2 in. in diameter, midway 
between the axis and the surface; and for sec- 
tions over 2 in. in diameter, one-quarter of the 
radius befow the surface. 

(d) The impact test shall be prepared with the 
notch located on the test specimen surface 
which is closest to the outside of the section, and 
parallel to a tangent to the section surface. 


Figure 1.—Delete this figure. 


Tentative Specifications for Quenched 
and Tempered Steel Bolts and Studs 
with Suitable Nuts and Plain Hard- 
ened Washers (A 325 — 55 T): 


hereto in their proposed revised form.’ 


These specifications have been ex- 
tensively revised and are appended 


Tentative Specifications for Seamless 
and Welded Steel Tubes for Low- 
Temperature Service (A 334-55 T): 


Section 1 (a).—Add a new Note 2 at 
the end of this paragraph to read as 
follows, renumbering subsequent notes 
accordingly: 


Note 2.—Tubing smaller than } in. in 
diameter or with walls thinner than 0.049 in. 
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may require different mechanical and manipu- 
lating tests than prescribed in these specifica- 
tions. Testing of such tubing should be a matter 
of agreement between the manufacturer and the 
consumer. 


Section 13 (c).—Delete the last sen- 
tence. 


Tentative Specifications for Ferritic 
Steel Castings for Pressure Contain- 
ing Parts Suitable for Low-Tempera- 
ture Service (A 352 — 57 T): 


Table I.—For grade LCB change the 
maximum permissible manganese con- 
tent from the present “0.70” to read 
“1.00” per cent. Delete footnote a. 


Tentative Specifications for Quenched 
and Tempered Alloy Steel Bolts and 
Studs with Suitable Nuts (A 354 - 
55 T): 


These specifications have been ex- 
tensively revised and are appended 
hereto in their proposed revised form.’ 


Tentative Specifications for Heavy- 
Walled Carbon and Low Alloy Steel 
Castings for Steam Turbines (A 356 
—57T): 


Section 13 (c)—Revise to read as 
follows: 


(c) When dry magnetic particle inspection is 
used it shall be in accordance with the Method of 
Dry Powder Magnetic Particle Inspection 
(ASTM Designation: E 109).? Castings showing 
injurious defects, as judged by the Reference 
Photographs for Magnetic Particle Indication on 
Ferrous Castings (ASTM Designation: E 125),? 
shall be rejected or repaired with the approval 
of the purchaser. The circular or coil method of 
over-all magnetization or the wet method of 
magnetic particle inspection, or both, may be 
used if such methods are more practical. 


Tentative Specifications for Structural 
Steel for Welding (A 373 —- 56 T): 


Section 3—Revise to read ‘‘The steel 
shall be made by one or more of the 
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following processes: open hearth, basic 
oxygen, or electric furnace.” 


Tentative Specifications for Factory- 
Made Wrought Austenitic Steel Weld- 
ing Fittings (A 403 — 56 T): 


Section 3 (b)—Revise to read as 
follows: 


(b) Fittings containing welded seams or other 
joining by fusion welding shall be (a) welded by 
welders, welding operators, and welding pro- 
cedures qualified under the provisions of Section 
IX of the ASME Boiler and Pressure Vessel 
Code; (6) heat treated in accordance with Par- 
agraph 5 of this specification; and (c) radio- 
graphically examined throughout the entire 
length of each weld in accordance with Par- 
agraph UW-51 of Section VIII of the ASME 
Boiler and Pressure Vessel Code (excepting 
light-weight fittings covered by Standard 
Practice SP-43 of the Manufacturers’ Standard- 
ization Society of the Valve and Fittings In- 
dustry). 

The joints shall be finished in accordance with 
the requirements of Paragraph UW-35(a) of 
Section VIII of the ASME Boiler and Pressure 
Vessel Code. 


Tentative Specifications for Welded 
Large Outside Diameter Light-Wall 
Austenitic Chromium-Nickel Alloy 
Steel Pipe for Corrosive or High- 
Temperature Service (A 409 — 57 T): 


Section 3——Add a new Paragraph (d) 
to read: “(d) Samples for chemical 
analysis shall be taken in accordance 
with the Method of Sampling Steel, 
Cast Iron, Open-Hearth Iron, and 
Wrought Iron (ASTM Designation: E 
59)2” 


TENTATIVE REVISION OF STANDARD 


The committee recommends tentative 
revisions as follows of the Standard 
Specifications for Carbon, Steel Valve 
Spring Quality Wire (A 230 - 47): 

Section 4.—Change the table of chemi- 
cal requirements to read as follows: 
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Carbon, per cent........... 0.60 to 0.75¢ 
Manganese, per cent........ 0.60 to 0.90? 
Phosphorus, max, per cent... 0.025 
Sulfur, max, per cent........ 0.030 


Silicon, per cent............ 0.15 to 0.35 

*Carbon and manganese may be varied 
outside the limits of this table by the manufac- 
turer at his discretion, provided the mechanical 
properties specified are maintained and provided 
the purchaser does not specifically stipulate 
otherwise. 


Table I—Change to read as shown in 
the accompanying Table I. 
TABLE I.—TENSILE REQUIREMENTS. 


Tensile Strength, psi lReduc- 
9 | tion of 
Diameter, in. Area, 
min, 
min max per cent 
| 
0.093 to 0.128...... 230 000 250 000, 40 
0.129 to 0.162...... 225 000, 245 000, 40 
0.163 to 0.192...... 220 000, 240 000; 40 
0.193 to 0.225...... 215 000 235 000 40 
0.226 to 0.250...... 210 000 230 000 40 


Section 8—Replace with the follow- 
ing titled “Coiling and Fracture Test:” 

8. (a) Wire 0.162 in. and smaller in diameter 
shall wind on itself as an arbor without break- 
age. Larger diameter wire up to and including 
0.250 in. shall wind without breakage on a 
mandrel twice the diameter of the wire. 

(b) The wire shall not show a coarse or cuppy 
condition when subjected to a fracture test. 


Section 10.—Change to read as fol- 
lows: 

10. Transverse sections of the wire properly 
mounted, polished, and etched shall show no 
completely decarburized (carbon-free) areas 
when examined at a magnification of 100 


diameters. Partial decarburization shall not 
exceed a depth of 0.0015 in. 


REVISIONS OF STANDARDS AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentative: 


Standard Specifications for Open-Hearth 
Carbon-Steel Rails (A 1 — 56): 


Section 19 (c)—Add the following 
sentence: ‘‘Where the combination of 
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weights or lengths, or both, specified 
produce more than eight rails (“A” to 
“H,” incl) per ingot, it will be permissible 
to stamp any additional rails with the 
letter “H.” 

With this change the letters “J” and 
“K” will also be deleted from the 
present design and size of letters. 


Standard Specification for Alloy Steel 
Forgings for Railway Use (A 238 
55): 

Section 13, Item (3)—Delete the 
second sentence since it is considered 
superfluous. 

Section 19.—Reletter the present text 
as Paragraph (a) and add a new Para- 
graph (6) to read: “(b) The inspector 
shall examine each forging in each heat 
for workmanship defects and conformity 
to the dimensions given:on the order or 
drawing. If in this inspection defects 
are found which the manufacturer can 
remedy while the inspector is at the 
works, he may be allowed to correct 
‘such defects.” 


Standard Methods of Magnetic Particle 
Testing and Inspection of Heavy 
Steel Forgings (A 275 — 47): 


These methods have been extensively 
revised and are appended hereto.® 


ADOPTION OF TENTATIVES AS STANDARD 
WitrHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
ior adoption as standard without revi- 
sion: 


Tentative Specifications for: 


5 per cent Chromium, 0.5 per cent Molybdenum 
Steel Plates for Boilers and Other Pressure 
Vessels (A 357 - 56 T), 

Carbon and Alloy Steel Forgings for Pressure 
Vessel Shells (A 372 -55 T), and 

Chromium-Silicon Steel Spring Wire (A 401 - 
56 T). 


5 The revised methods appear in the 1958 
Book of ASTM Standards, Part 3. 
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Tentative Recommended Practice for: 


Selection of Steel Bar Compositions According 
to Section (A 400 — 56 T). 


ADOPTION OF TENTATIVES AS STANDARD 
With REvISION 
The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Specifications for Welded and 
Seamless Open-Hearth Iron Pipe (A 
253 — 55 T): 


Section 4 (a)—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Copper 
Brazed Steel Tubing (A 254-55 T): 


Section 5 (a).—Revise as indicated 
above for Section 4 (a) in Specifications 
A 53. 


Tentative Specifications for Metal-Arc 
Welded Steel Pipe for High-Pressure 
Transmission Service (A 381 — 54 T): 


Section 2——Add a new Paragraph (e) 
to read as indicated above for new Para- 
graph (d) of Section 3 in Specifications 
A 409. 


Tentative Specifications for Alloy Steel 
Chain (A 391 -56T): 


Section 7 (c)—Change the fifth sen- 
tence to read: “As soon as the beam 
drops or the gage recedes from ultimate 
load, the machine is to be stopped and 
the load reduced to the original seating 
load.” 

Section 10—Delete the word “nomi- 
nal” in the title and in Paragraph (a). 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
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affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specifications for Mild- to 
Medium-Strength Carbon-Steel Cast- 
ings for General Application (A 27 - 


Table I.—Add a new grade 70-40 with 
the following requirements: 


Carnon, max, per . 0.25 
Manganese, max, per cent®.............. 1.20 
Phosphorus, max, per cent.............. 0.05 


Revise the present footnote a to read: 
“For each reduction of 0.01 per cent 
carbon below the maximum specified, an 
increase of 0.04 per cent manganese 
above the maximum specified will be 
permitted to a maximum of 1.40 per 
cent for grade 70-40 and 1.00 per cent 
for the other grades.” 


Table I1—Add a new grade 70-40 
with the following tensile requirements: 
Tensile strength, min, psi............. 70 000 
Yield point, min, pal... 0.603 
Elongation in 2 in. min, per cent...... 22 
Reduction of area, min, per cent....... 30 

Add a new footnote 6 to read: “‘Grade 
70-40 may be used to meet the require- 
ments of grade 70-36, when agreed upon 
by the manufacturer and purchaser.” 

Section 14 (c)—Revise as indicated 
above for Section 14 (c) in Tentative 
Specifications A 356. 


Standard Specifications for Structural 
Steel for Locomotives and Cars (A 
113 — 56): 


Section 4.—Revise as indicated above 
for Section 3 in Tentative Specifications 
A 373. 


Standard Specifications for Structural 
Steel for Ships (A 131 - 56): 


Section 3—Revise as indicated above 
for Section 3 in Tentative Specifications 
A 373. 
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Standard Specifications for Electric- 
Fusion (Arc)-Welded Steel Pipe (Sizes 
4 in. and Over) (A 139 — 55): 


Section 5 (a)—Add a new second 
sentence to read as indicated above for 
Section 4 (a) in Tentative Specifications 
A 53. The present second sentence will 
become the third sentence. 


Section 11.—Delete Paragraph (c), re- 
lettering subsequent paragraphs ac- 
cordingly. Delete the words “and pre- 
pared in accordance with Fig. 9” from 
the present Paragraph (d). 

Figures 5, 6, 7 and 9.—Delete these 
figures. 


Standard Specifications for Structural 
Rivet Steel (A 141 —55): 


Section 3.—Revise as indicated above 
for Section 3 in Tentative Specifications 
A 373. 


Standard Specifications for High- 
Strength Steel Castings for Structural 
Purposes (A 148 — 57): 


Section 14 (c)—Revise as indicated 
above for Section 14 (c) in Tentative 
Specifications A 356. 


Standard Specifications for One-Wear 
Wrought Steel Wheels (A 186 — 54): 


Section 2.—Revise to read: ‘‘The steel 
shall be made by either or both of the 
following processes: open hearth or 
electric furnace.” 


Standard Specifications for Seamless 
and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268 - 
57): 


Section I (a)—Revise as indicated 
above for Section 1 (a) in Tentative 
Specifications A 334, 

Section 7 (a)—Replace the second 
and third sentences with the new sen- 
tence recommended above for Section 4 
(a) in Tentative Specifications A 53. 
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Standard Specifications for Seamless 
_ and Welded Austenitic Stainless Steel 
_ Tubing for General Service (A 269 — 
SF): 


Section 1 (a)—Revise as_ indicated 
above for Section 1 (a) in Tentative 
Specifications A 334. 

Table I.—Revise footnote a as indi- 
cated above for footnote a of Table II 
in Tentative Specifications A 213. 

Section 7 (a)—Replace the second 
and third sentences with the new sen- 
tence recommended above for Section 
4 (a) in Tentative Specifications A 53. 


Standard Specifications for Seamless 
_ and Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270 - 57): 


Section 7 (a).—Replace the second and 
third sentences with the new sentence as 
recommended above for Section 4 (a) in 
Tentative Specifications A 53. 


Standard Specifications for Seamless 
" Austenitic Chromium-Nickel Steel 
1 Still Tubes for Refinery Service (A 
271 57): 


Section 1—Add a new Paragraph (d) 
to read as indicated above for new 
Paragraph (c) of Section 1 in Tentative 
Specifications A 161. 

Section 7 (a)—Revise as indicated 
above for Section 4 (a) in Tentative 
Specifications A 53. 


Standard Specifications for Low and 
Intermediate Tensile Strength Car- 
bon-Steel Plates of Structural Quality 
(Plates 2 in. and Under in Thickness) 
(A 283 — 54): 


Section 3—Revised as indicated above 
for Section 3 in Tentative Specifications 
A 373. 


Standard Specifications for Steel Plates 
for Pressure Vessels for Service at 
Low Temperatures (A 300 — 57): 


Section 5 (b).—Delete the last sentence 
of this paragraph. 


Standard Specifications for Low-Carbon 
High-Nickel Steel Plate for Pressure 
Vessels (A 353 — 56): 


Section 1.—Revise the first two sen- 
tences to read: “This specification covers 
two grades of low-carbon, high-nickel 
steel plates of firebox quality, intended 
primarily for fusion welding, for use in 
pressure vessels. The maximum thick- 
ness of plates to be specified under this 
specification shall be 2 in. for grade A 
and 0.580 in. for grade B.” 

Table I.—Revise to identify the 
present chemical requirements as those 
for grade A. Add a new grade B with the 
same requirements as grade A except the 
maximum manganese content shall be 
0.90 per cent. 

Table II.—Revise to identify the 
present tensile requirements as those 
for grade A and add the following re- 
quirements for grade B: 


Tensile strength, min, psi............. 95 000 

Yield strength (0.2 per cent offset), 

Elongation in 2 in. min, per cent..... 20.0 


Section 10.—Revise to read “As pro- 
vided in ASTM Specification A 20, each 
plate shall be legibly stamped or sten- 
ciled, depending on the ordered thick- 
ness, with the letters “NI” and either 
“A” or “B” for the applicable grade, in 
addition to the regular marking.” 


WITHDRAWAL OF TENTATIVES 


The committee recommends the with- 
drawal of the following tentatives: 


Tentative Method of Magnetic Particle 
Testing and Inspection of Commercial 
Steel Castings (A 272 — 44 T): 


These methods have been replaced by 
the Tentative Method for Dry Powder 
Magnetic Particle Inspection (ASTM 
Designation: E 109). 


\ 
| 


Tentative Specification for High Tensile 
Strength Carbon-Manganese Steel 
Plates for Unfired Pressure Vessels 
(A 397 - 56 T): 

This specification was drafted to re- 
place Case No. 1056 of the ASME 
Boiler and Pressure Vessel Code. It has 
been found unacceptable to the Code 
Committee due to the maximum carbon 
content being higher than desirable for 
welding. Committee A-1 has been unable 
to obtain acceptance of a lower maximum 
carbon content in the specification. It 
was felt that to develop the mechanical 
properties required the greater carbon 
content was necessary. 


Tentative Specifications for Chromium- 
Silicon Steel Valve Spring Wire (A 
402 - 56 T): 

Both manufacturers and purchasers 
have found that this steel does not lend 
itself to the manufacture of springs re- 
quiring high endurance because of an 
inherent tendency for too great fre- 
quency of detrimental defects. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 


aft 


Standard Specifications for: 


Low Carbon Steel Tie Plates (A 67 — 48), 

Austenitic Manganese-Steel Castings (A 128 - 
33), 

Hard-Drawn Steel Spring Wire (A 227 - 47), 

Steel Music Spring Wire (A 228-51), 

Chromium-Vanadium Steel Spring Wire (A 
231 41), 

Chromium-Vanadium Steel Valve Spring Qual- 
ity Wire (A 232 - 47), and 

Hot-Worked High-Carbon Steel Tie Plates 


(A 241 - 48). 
ant 
CHANGES” 


The committee recommends editorial 
changes as indicated in the following 
standards: 

onl 
Standard Specifications for: 
Low-Carbon Steel Joint Bars (A 3 — 54), 
Medium-Carbon Steel Joint Bars (A 4-54), 
High-Carbon Steel Joint Bars (A 5-54), and 
Quenched Carbon-Steel Joint Bars (A 49 — 54). 


In the section on “Workmanship” of 
these four specifications the present re- 
quirement is to shear the bars to length. 
This sentence will be changed to read 
“The bars shall be either sheared or 
sawed to length and the punching shall 
conform to the dimensions specified by 
noe 
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- Committee A-3 on Cast Iron held two 
meetings during the year: in Atlantic 
City, N. J., on June 21, 1957, and in 
St. Louis, Mo., on February 14, 1958. 
A number of subcommittees met in con- 
junction with the main committee. 

The committee consists of 125 mem- 
bers, of whom 121 are voting members; 
43 are classified as producers, 44 as con- 
sumers, and 34 as general interest mem- 
bers. There are 4 consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, T. E. Eagan. a, 

Vice-Chairman, R. A. Clark. owe! 

Secretary, H. W. Lownie, Jr. 

Membership Secretary, C. F. Walton. 

C. K. Donoho has accepted the chair- 
manship of Subcommittee 7 on Micro- 
structure of Cast Irons; H. W. Ruf has 
succeeded T. E. Eagan as chairman of 
Subcommittee 24 on Nodular Iron; G. 
P. Krumlauf replaces D. E. Krause as 
chairman of Subcommittee 25 on Meth- 
ods of Chill Testing Cast Iron; and W. 
M. Ruprecht succeeds George Dinges as 
chairman of Subcommittee 26 on Low 
Temperature Properties of Cast Iron. 

Contact is being maintained by Com- 
mittee A-3 with Technical Committee 25 
on Cast Iron of the International Organi- 
zation for Standardization (ISO). 

A task force has been appointed for 
the purpose of studying the scope and 
activities of Committee A-3 and the 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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advisability of reorganization in the 
interest of increased efficiency. 

A Compilation of ASTM Standards 
on Iron Castings has been issued for the 
first time. Included are specifications for 
pig iron, gray iron castings, cast iron 
pipe, nodular iron castings, and malleable 
iron castings. General test methods are 
listed. It is expected the compilation 
will prove valuable to producers and 
consumers of the material. 


ADOPTION OF TENTATIVES AS STANDARD 
WitTHovuT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without 
revision: 


Tentative Methods of Chill Testing of Cast 
Iron (A 367 55 T),! and 

Tentative Specification for High-Strength 
Nodular Iron Castings (A 396 -55 T).! 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Specifications for Automo- 
tive Gray Iron Castings (A 159 55),! 
and accordingly requests the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that the revi- 
sions may be referred to letter ballot of 
the Society: 

Table II.—Add a third column cover- 


11955 Book of ASTM Standards, Part 1. 
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TABLE I.—CHEMICAL, PHYSICAL, 
AND STRUCTURAL REQUIREMENTS OF 
AUTOMOTIVE GRAY IRON CASTINGS 
FOR BRAKE DRUMS AND CLUTCH 
PLATES. 


(Addition to Table II, Specifications A 159 - 55) 


Alloy No. 


CHEMICAL COMPOSITION 


Total carbon, per cent.| 3.50 min (mandatory) 


TypicaL CoMPOSITIONAL RANGES 
| 


Silicon, per cent...... | 1.10 to 1.70 (as de- 
sired) 

Manganese, per cent. .| 0.60 to 0.90 (as de- 
sired) 


Sulfur, max, per cent. .| 0.12 

Phosphorus, max, per 


PHysicaAL PROPERTIES 


Brinell hardness num- 


Transverse strength, 

Deflection, min, in..... 0.28 
Tensile strength, min, 

40 000 

STRUCTURAL PROPERTIES 

type A, sizes 3 to 5 
fine lamellar pearlite 


with excess con- 
stituent, free ce- 
mentite or free fer- 
rite or both not to 
mately 5 per cent. 


¢ Extra heavy duty brake drums where both 
strength and increased resistance to heat check- 
ing are required. 


ing Alloy No. 115 as indicated in the 
accompanying Table I. 

For Alloys No. 113 and No. 114, 
change the max per cent sulfur from 
“0.14” to read “0.12,” and change the 
max per cent phosphorus from “0.20” 
to read “0.15.” 

A ppendix.—In Paragraph A2, line 2, 
change ‘“‘Table III” to read “Tables III 
and V.” 

Change Paragraph A3 to read as 
follows: 
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A3. Alloying Elements—When alloying 
elements are specified for Alloy Nos. 110, 111, 
120, 121, and 122, Table IV shows the prac- 
tical range for commercial limits. 


Add a new Paragraph A4 as follows, 
renumbering the present Paragraph A4 
as AS: 


A4. Structural Properties of Alloy Nos. 123A, 
B, and C.—To insure good wearing character- 
istics, the microstructure extending 45 deg on 
both sides of the centerline of the cam nose and 
to a minimum depth of } in. from the surface 
shall consist of primary carbides (either in the 
form of acicular, cellular, or a mixture thereof) 
and types? A and E, and size 4 to 7 graphite 
flakes in a fine pearlite matrix. 

The amount of primary carbides required 
shall be determined by the purchaser and shall 
be a matter of agreement between the manu- 
facturer and the purchaser. 

In a majority of cases the camshaft castings 
are selectively heat treated by flame or induc- 
tion hardening of the cam lobes to develop a 
martensite matrix. The depth of hardened case 


shall be determined by the purchaser. 


Add the following to the end of the 
present Paragraph A4: 


No. 123.—For camshafts. 


Add a new Table V as indicated in the 
accompanying Table IT. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six 
years without revision: 


Standard Specification for Lightweight and 
Thin-Sectioned Gray Iron Castings (A 190 - 
47), and 

Standard Definitions of Terms Relating to 
Cast Iron (A 196 - 47). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentative specifications: 


2 Recommended Practice for Evaluating the 
Microstructure of Graphite in Gray Iron 
(ASTM Designation: A 247), 1958 Book of 
ASTM Standards, Part 3. 
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TABLE II.—CHEMICAL, PHYSICAL, AND STRUCTURAL REQUIREMENTS OF 
AUTOMOTIVE ALLOY GRAY IRON CASTINGS FOR CAMSHAFTS. 
(New Table V, Specifications A 159 — 55) 


Alloy 123A Alloy 123B Alloy 123C 
TypicaL ComMPosITIONAL RANGES 

Total carbon. per cont..........cccccees 3.10 to 3.40 3.10 to 3.45 3.40 to 3.75 
SF OT eer 2.10 to 2.40 2.10 to 2.40 2.10 to 2.35 
Manganese, per cent................... 0.50 to 0.80 0.60 to 0.90 0.60 to 0.90 
Phosphorus, per cent.................. 0.20 max 0.20 max 0 15 max 
0.80 to 1.10 0.85 to 1.20 1.00 to 1.25 
Molybdenum, per cent................. 0.40 to 0.60 0.40 to 0.60 0.50 to 0.70 


PHYSICAL PROPERTIES 


Brinell hardness number*............... | 


248 to 311 
Transverse strength, min, Ib.o........... 2600 
0.27 
Tensile strength, min, psi®.............. 40 000 


® The casting hardness shall conform to the same hardness range as specified for the test bar and 
shall be taken on a bearing surface as agreed upon between the manufacturer and the purchaser. 
» Properties determined on 1.2 in. diameter test bar broken on 18-in. centers. 


Tentative Specifications for: 


Foundry Pig Iron (A 43-55 T), we} ait? 
Chilled and White Iron Castings (A 360 - 55 T), 
and 


Cast Nodular Iron for Pressure Containing 
Parts for Use at Elevated Temperatures 
(A 395 - 56 T). 


Experience with these ne ‘cifica- 
tions is still too limited towa. - i either 
revision or advancement to standard at 
this time. 


EpITORIAL CHANGE 


The committee recommends editorial 
changes as follows of the Standard 
Specifications for Gray Iron Castings 
(A 48 — 

Figure 2.—Replace with Fig. 16 of 
Methods of Tension Testing of Metallic 
Materials (E 8 - 57 T). 


The recommendations in this report 


have been submitted to letter ballot of 


71956 Supplement to Book of ASTM 


t 


the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES © 


Subcommitiee 6 on General Castings 
(H. W. Lownie, Jr., chairman) anticipates 
major revisions of Specification A 48 in 
the near future. Data on the properties 
of iron cast into various types of speci- 
mens are being assembled with this in 
view. Specimens other than the present 
standard arbitration type used by vari- 
ous foundries are being investigated. 

Subcommitiee 12 on Austenitic Cast 
Tron (Hugo Larson, chairman) is com- 
pleting specifications covering the vari- 
ous grades of austenitic iron castings. 

Subcommittee 22 on Elevated Tempera- 
ture Properties of Cast Iron (J. S. Vanick, 
chairman).—Progress on Research Proj- 
ect SP-2 of the Joint ASTM-ASME 

4 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. y 
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Committee on Effect of Temperature on 
the Properties should be completed and 
reported on at the June, 1958 meeting. 
This project deals with elevated tem- 
perature properties of commercial irons 
of the gray iron and nodular graphite 
types. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 121 voting members; 95 


-! 
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members returned their ballots, of whom 
91 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


D. E. Krause, 
Chairman. 
R. A. CLARK, 
Secrelary. 
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REPORT OF COMMITTEE A-5 
ON 


CORROSION OF IRON AND STEEL* ia 


Committee A-5 on Corrosion of Iron 
and Steel held two meetings during the 
year: on June 21, 1957, at Atlantic City, 
N. J., and on February 14, 1958, at St. 
Louis, Mo. 

The committee consists of 110 mem- 
bers, of whom 52 are classified as pro- 
ducers, 34 as consumers, and 24 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. F. Hormann. 

First Vice-Chairman, E. K. Camp. 

Second Vice-Chairman, J. F. Oc- 
casione. 

Secretary, C. P. Larrabee. 

The Fiftieth Anniversary of Commit- 
tee A-5 was commemorated by the 
publication of the high points of its 
history in the February, 1958, issue of 
the ASTM BUvuLLeTIN. 

T. R. Galloway and E. K. Camp re- 
ported to the committee on nuclear 
problems as they may bear on the corro- 
sion of carbon steel. 


AMERICAN STANDARDS 


The following standards, under the 
jurisdiction of Committee A-5, were ap- 
proved by the American Standards 
Assn. as American Standard on January 
23, 1958: 


Standard Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire 
Fencing (ASTM A116-57; ASA G8.9— 
1958). 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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Zinc-Coated (Galvanized) Iron or Steel Barbed 
Wire (ASTM A121-57; ASA  G8.10— 
1958) 


NEw TENTATIVE 


The committee recommends for pub- 
lication as tentative the Methods of 
Test for Weight of Coating on Alumi- 
num-Coated Iron or Steel Articles as 
appended hereto.! 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentative 
specifications and their continuation as 
tentative: 


Specifications for Zinc-Coated (Galvan- 
ized) Iron or Steel Sheets, Coils, 
and Cut Lengths (A 93 —- 55 T):? 


Section 6 (c).—Change to read as fol- 
lows: 

(c) The minimum check limit by the single- 
spot test shall be that one of the three specimens 
of the triple-spot test bearing the lightest 
coating, or the purchaser may select a single 
specimen taken from any part of a test sheet. 
For material narrower than 2.25 in., test speci- 
mens shall be of such a length as to render the 
area of the specimen equal to 5.06 sq in. 


Section 10 (b)—Delete the second 
sentence. 

Section 11 (b)—Change the size of 
lot to read 30,000-lb lot. 

Section 19—Change the last sentence 
to read, “Unless otherwise specified, all 
inspections and tests (except check 
analysis) shall be made at the manu- 

1The new tentative method appears in the 


1958 Book of ASTM Standards, Part 3. 
21955 Book of ASTM Standards, Part 1. 
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facturer’s works prior to shipment. Such 
sampling and inspection shall be made 
in conjunction with, and to the extent of, 
the manufacturer’s regular inspection 
operations unless otherwise specified.” 


Specifications for Long Terne Iron or 
Steel Sheets, Coils and Cut Lengths 
(A 308 — 53 T):2 

Revise as appended hereto.* — 

Specifications for 1.25-0z Class Coating 
(Pot Yield) Zinc-Coated (Galvanized) 
Iron or Steel Roofing Sheets (A 361 
- 55 T):? 


Section 15.—Change the last sentence 
to read, “Unless otherwise specified, all 
inspection and tests (except check 
analysis) shall be made at the manu- 
facturer’s works prior to shipment. Such 
sampling and inspection shall be made 
in conjunction with and to the extent of 
the manufacturer’s regular inspection 
operations unless otherwise specified.” 


ADOPTION OF TENTATIVE AS STANDARD 
WitH REVISION 


The committee recommends that the 
Tentative Specification for Tie Wires, 
Zinc-Coated (Galvanized) Steel (A 112 
-55T)*? be approved for reference to 
letter ballot of the Society for adoption 
as standard with revisions as indicated. 

Section 7.—In line 5, change “0.083 in. 
in diameter” to read, “0.095 in. in 
diameter and smaller.” 

Section 13——Add a new wire size 
having a nominal diameter of 0.095 in. 
and a Bwg size of 13. 


ApboPTION OF TENTATIVES AS STANDARD 
WirHovut REVISION 
The committee recommends that the 


following tentatives be approved for 
reference to letter ballot of the Society 


The revised tentative appears in the 1958 
Book of ASTM Standards, Part 1. 


a. 


for adoption as standard without revi- 
sion: 
Tentative Specifications for: 


Zinc-Coated Steel Wire Strand (“Galvanized” 
and Class A “Extra Galvanized”) (A 122- 
54 T)? 

Zinc-Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218-54 T)? 

Wire Strand, Overhead Ground, Zinc-Coated 
Steel (A 363 - 55 T)? 


Poultry Netting (Hexagonal and Straight Line) 


and Woven Poultry Fencing, Zinc-Coated 
(Galvanized) Steel (A 390-56 T)* 
REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee, jointly with Com- 
mittee B-8 on Electrodeposited Metallic 
Coatings, recommends revisions for im- 
mediate adoption in the Standard 
Methods of Test for Local Thickness of 
Electrodeposited Coatings (A 219 — 54).? 
These revisions are set forth in the 
Report of Committee B-8. 


REAPPROVAL OF STANDARDS 


The committee recommends reap- 
proval of the following standards which 
have stood for six years without revision: 
Standard Specifications for: 

Line Wire, Zinc-Coated (Galvanized) “Iron” 
Telephone and Telegraph (A 111 - 52). 

Line Wire, Zinc-Coated (Galvanized) High 
Tensile Steel Telephone and Telegraph 
(A 326 —- 52). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 

ACTIVITIES OF SUBCOMMITTEES 

Subcommittee VII on Methods of 
Testing (O. B. Ellis, chairman) prepared 
the method of test for weight of coatings 
on hot-dipped aluminum-coated iron 
and steel referred to earlier in the report. 
It concurred in the revision of Methods 


41956 Supplement to Book of ASTM Stand- 
ards, Part 1. 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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A 219 — 54 suggested by Committee B-8. 
The report of the task group on Mag- 
netic Coating Measurements (V. V. Ken- 
dall, chairman) is expected in the near 
future. 

Subcommittee XI on Sheet Specifica- 
tions (E. P. Beachum, chairman) recom- 
mended the revision of Tentative 
Specifications A 93 —-54 T, A 308-53 T 
and A 361-55 T referred to earlier in 
this report. The subcommittee plans 
to prepare specifications for galvanized 
sheets of structural quality and for 
galvanized sheets for culverts, under- 
drains, and arches. 

Subcommittee XII on Wire Specifica- 
tions (J. F. Occasione, chairman).— 
Criticisms of the Tentative Specification 
for Zinc-Coated Steel Chain-Link Fence 
Fabric (A 392-55 T) have not as yet 
been resolved and further consideration 
is needed. Additional data are being 
gathered for a specification for flat 
armor tape. The subcommittee recom- 
mended the adoption as standard of 
Tentative Specifications A 112-55 T, 
A 363-55T, A390-56T, and the 
reapproval of Standard Specifications 
A 111-52 and A 326 - 52. 

Subcommittee XIII on Hardware 
Specifications (B. J. Barmack, chairman) 
is reviewing Tentative Specifications 
A 384-55 T, A385 —55 T, and A 386-55 
T for the purpose of adoption as stand- 
ard. Specification A 123 — 53 for Zinc 
(Hot-Galvanized) Coatings on Products 
Fabricated from Rolled, Pressed, and 
Forged Steel Shapes, Plates, Bars and 
Strip is being studied with a view of rais- 
ing the present average weight of coating 
of 2 oz per sq ft of surface, and of raising 
the present minimum value of 1.8 oz. 
Specification A 153 — 53 for Zinc Coating 
(Hot-Dip) on Iron and Steel Hardware is 
being studied for the purpose of raising 
the average and minimum values for cer- 
tain classes of materials. The use of mag- 
netic thickness gages will be recom- 


REPORT OF COMMITTEE A-5 


mended to replace the Preece test which 
was deleted from Specification A 153. 
Recommended Practice for Safeguard- 
ing Against Embrittlement (A 143 - 46) 
is being revised to emphasize precautions 
in shop practice in punching holes. Other 
subjects under consideration include the 
hammer test, and inspection of galvaniz- 
ing and regalvanizing specifications for 
hardware. 

Subcommittee XIV on Sheet Tests 
(C. P. Larrabee, chairman) inspected the 
atmospheric exposure tests of corrugated 
sheets at Altoona and at State College, 
Pa., on April 24, 1957. The report of 
each inspection follows: 

Altoona, Pa——In 1954 it was reported 
that only two 22-gage sheets were un- 
perforated. Originally both had 2.5 oz 
per sq ft of zinc coating and were identi- 
fied as “T” and “K.” At the 1955 in- 
spection it was found that the ‘““T” sheet 
had been ‘damaged mechanically”; 
therefore it was decided that further 
data would not be recorded. The un- 
perforated ‘“K” sheet was moved to the 
roof of the Pennsylvania Railroad labo- 
ratory; at the 1957 inspection no holes 
were visible. When this sheet is found to 
be perforated the test will be complete, 
and a table with the final results will be 
published. 

State College, Pa.—The present status 
of this test is shown in Table I. No new 
perforations of uncoated sheets were 
found, nor has a perforation been found 
in any galvanized sheet. 

Subcommittee XV on Wire Tests (F. M. 
Reinhart, chairman) inspected the wire 
specimens undergoing atmospheric ex- 
posure tests at Bridgeport, Conn., and 
at State College, Pa., during April, 1957. 
Wire exposure tests at other locations 
were inspected by the university people 
in charge of the various sites during the 
Fall of 1957. Because of the amount of 
work connected with the 20-Year Wire 
Report which is in process of prepara- 
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tion, no report was prepared on the 1957 
wire inspections. The 20-Year Wire Re- 
port will show as much data as possible 
in graph form. 

Subcommittee XVI on Hardware Tests 
(A. Mendizza, chairman) has nearly 
completed the specimen preparation 
phase of the hardware test program. The 
thickness of coating of individual speci- 
mens is being determined by nondestruc- 
tive methods, spot checked by stripping 
methods. Approximately 800 specimens 
will be placed on the test racks within 
the next three months. These samples 
comprise hot-dip zinc and electrode- 
posited zinc, hot-dip aluminum from 
two sources, sprayed zinc and sprayed 
aluminum coatings on carbon steel, 
four low-alloy steels, and two varieties 


= 
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Subsequent to the Annual Meeting, Committee A-5 presented to the Society through a 
the Administrative Committee on Standards the following recommendations: 


Revision of Tentative Specifications for: 


REPORT OF COMMITTEE A-5 


of nodular iron. They will be exposed 
at one industrial location (Newark, 
N. J.) and at two marine environments 
(80-ft and 800-ft sites at Kure Beach, 
N. C.). Test specimens include flat and 
S-shaped panels and round rods. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 110 members; 90 members re- 
turned their ballots, of whom 81 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Marc Darrin, 
ve Chairman. 
C. P. LARRABEE, | 
Secretary. 
Ver 


Long Terne Iron or Steel Sheets, Coils, and Cut Lengths (A 308-58T), and 
1.25-oz Class Coating (Pot Yield) Zinc-Coated (Galvanized) Iron or Steel Roofing Sheets 
(A 361 - 58 T). 


. Zinc-Coated (Galvanized) Iron or Steel Sheets, Coils, and Cut Lengths (A 93-58 T), 


These recommendations were accepted by the Standards Committee on September 9, 
1958, and the revised tentative specifications appear in the 1958 Book of ASTM Standards, 
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ate MAGNETIC PROPERTIES* 
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Committee A-6 on Magnetic Prop- 
erties has held four general meetings 
since the last published report of the 
committee as follows: June 28, 1955, at 
Atlantic City, N. J.; June 18, 1956, at 
Atlantic City, N.J.; June 21, 1957, at 
Atlantic City, N.J.; and a meeting on 
February 12 and 13, 1958, at St. Louis, 
Mo. during ASTM Committee Week. 

There have been a number of changes 
in membership. It is with sorrow that 
we record the passing of two faithful 
committee members whose work has 
meant a great deal to the Society. Mr. 
C. J. Witsberger, who was chairman of 
the Working Group which prepared 
Specification A 345-55, the Standard 
Specification for Flat Rolled Electrical 
Steel, passed away May 29, 1955. Mr. 
Frank P. Fahy, who had been active in 
the committee since 1917 and is well 
known as the inventor of the Fahy 
permeameter, passed away on March 
25, 1956. 

The basic organization of the com- 
mittee remains the same as it was at the 
time of the last published report, June 
1955. The representation of Committee 
A-6 on other ASTM committees and 
on committees of other standardizing 
organizations is as follows: 

ASTM Committee E-8 on Nomenclature and 

Definitions, I. L. Cooter. 

ASTM Committee E-11 on Quality Control of 


Materials, K. V. Merrill. 
ASTM Committee C-21 on Ceramic White- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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wares and Related Products, Subcommittee 
II on Tests and Specifications, Subsection 
A-5 on Ferrites, A. C. Beiler. 

American Standards Assn., Sectional Committee 
C42 on Definitions of Electrical Terms, I. L. 
Cooter. 

American Standards Assn., Sectional Com- 
mittee C61 on Electric and Magnetic Mag- 
nitudes and Units, I. L. Cooter. 

International Electrotechnical Commission, Sub- 
committee 14-A on Magnetic Steel, Technical 
Adviser to U. S. National Committee, A. C. 
Beiler. 

American Society of Tool Engineers, Project 
on Metal Stamping, G. H. Cole. 


The officers elected for the ensuing 
term of two years are as follows: 
Chairman, A. C. Beiler. 
Vice-Chairman, D. C. Dieterly. 
Secretary, W. S. Eberly. ne 


NEw STANDARD 


The committee recommends for imme- 
diate adoption as standard the proposed 
Methods of Test for Alternating Current 
Magnetic Properties of Laminated Core 
Specimens as appended hereto,' and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the standard may 
be referred to letter ballot of the Society. 


REVISIONS OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption revisions as appended 


1The revised tentative appears in the 1958 
Book of ASTM Standards, Part 3. 
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hereto” of the Standard Methods of Test 
for Alternating Current Core Loss, and 
Permeability of Magnetic Materials 
(A 343 — 54),’ and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 

Standard Definitions of: 
Terms, with Symbols, Relating to Magnetic 

Testing (A 340 - 49), and 
Standard Methods of Test for: 

Electrical and Mechanical Properties of Mag- 

netic Materials (A 344-52). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (I. L. Cooter, chairman) has 
been revising the magnetic definitions 
to maintain uniformity between ASTM 
and the American Standard sponsored 
by ASA Sectional Committee C 42. This 
will result in a major change of Defini- 
tions of Terms, with Symbols, Relating 
to Magnetic Testing (A 340 - 49) which 
should be ready in 1959. Additional work 
on Interlaminar Resistance Test Meth- 
ods will undoubtedly result in a major 
revision of Methods A 344-52, which 
should be available later in 1958 for 
inclusion in the 1959 revisions. A task 

2? This revision was not published since the 
committee found it necessary to make a further 
complete revision of the specification, which will 
be submitted to the Society within the year. A 
copy of the completely revised methods under 
consideration will be furnished on request. 

31955 Book of ASTM Standards, Part 1. 

4 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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group has been at work on Methods of 
Test of Feebly Magnetic Materials, and 
considerable work has been done to 
establish the validity of the new Naval 
Ordnance Laboratory test procedure. 
Three task groups recently activated 
are as follows: (1) Task Group on Stand- 
ard Methods of Test Cores for Magnetic 
Amplifiers or Saturable Reactor Devices, 
under the chairmanship of W. T. 
Mitchell; (2) Task Group on the Effect 
of Coatings, Aluminum Additions, and 
Other Factors on the Values of Physical 
Density of Electrical Steels, with D. A. 
Jones as chairman; and (3) Task Group 
on Methods of Test for Very High Coer- 
cive Force Permanent Magnets, with 
C. A. Maynard as temporary chairman. 
Subcommittee II on Methods of Sam- 
pling and Test (J. W. Hale, chairman).— 
During the past year, there has been 
activity in several of the task groups 
under the chairmanship of D. C. 
Dieterly, in cooperation with the Edi- 
torial Subcommittee under the chairman- 
ship of C. C. Horstman, which has re- 
sulted in the revision of the Standard 
Methods of Test for Alternating Current 
Core Loss, and Permeability of Mag- 
netic Materials (A 343 - 54) and in the 
proposed Tentative Methods of Test for 
Alternating-Current Magnetic Proper- 
ties of Laminated Core Specimens. 
Subcommittee II is also working on a 
revision of the Lamination Factor Test 
which is a part of Methods A 344. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 29 voting members; 19 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A.C. Better, 
Chairman. 
W. S. EBERLy, 


Secretary. 


i 
| 
“| 
= 
t 
i 


Committee A-7 on Malleable Iron 
Castings held two meetings during the 
year: at Atlantic City, N. J., on June 18, 
) 1957, and at St. Louis, Mo., on February 
11, 1958. 

Preceding its first meeting the com- 
mittee had lost by death its beloved, 
valued, and highly respected Chairman 
for the past eleven years, William A. 
Kennedy. He received posthumously the 
Award of Merit of the Society. The com- 
! mittee also lost with regret the valued 
services of Charles A. Gutenkunst, Jr., 
President of Milwaukee Malleable and 
Gray Iron Works, and a long-time mem- 
ber of Committee A-7. 

Following the loss of its chairman, in 
accordance with the by-laws of the com- 
mittee, the Advisory Committee ap- 
pointed officers to serve for the unex- 
pired term. Vice-Chairman Albrecht was 
advanced to the office of Chairman and 
L. C. Marshall was named Vice-Chair- 
man. 

At the February meeting, completion 
of plans was announced for mounting 
1620 standard malleable, pearlitic mal- 
leable, steel, and nodular iron corrosion 
test plates in May of 1958, at five Corro- 
sion Exposure Test Sites. 

A paper by Dr. L. C. Marshall on 
“Elevated Temperature Properties of 
Malleable Irons” is to be presented at 
the Annual Meeting of ‘the Society, 
June 1958. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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The committee consists of 50 members, 
of whom 24 are classified as producers, 
13 as consumers, and 13 as general 
interest members. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, W. M. Albrecht. 


Vice-Chairman, L. C. Marshall. ave 
Secretary, James H. Lansing. = 


Advisory Committee: 
and R. V. Osborne. 


V. A. Crosby 


en 
7 
The committee recommends the con- 
tinuation without revision of the Tenta- 


tive Specification for Pearlitic Malleable 
Iron Castings (A 220 - 55 T).! 


TENTATIVE CONTINUED WITHOUT 
REVISION 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards: ae 


Specifications for: 

Malleable Iron Castings (A 47 - 52), 

Cupola Malleable Iron (A 197 — 47), and 

Malleable Iron Flanges, Pipe Fittings, and Valve 
Parts for Railroad, Marine, and Other Heavy 
Duty Service (A 338 - 54). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 

11955 Book of ASTM Standards, Part 1. 
2 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VI on Elevated Tempera- 
ture Properties of Malleable Irons (L. C. 
Marshall, chairman) was established at 
the February meeting by vote of the 
committee, on the recommendation of 
Chairman Albrecht. This subcommittee 
will assist its chairman in the continua- 
tion of his work or this subject. _ 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 50 members; 34 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 

the committee, 
W. M. ALBRECHT, 
Chairman. 

James H. LAnsING, 

Secretary. Toh 
om 
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Committee A-10 on Iron-Chrominum, 
Iron-Chromium-Nickel, and Related Al- 
loys held two meetings during the year: 
in Atlantic City, N. J., on June 20, 1957 
during the Annual Meeting of the 
Society, and on February 12, 1958 at 
St. Louis, Mo. during ASTM Committee 
Week. 

The committee consists of 103 mem- 
bers, of whom 45 are classified as pro- 
ducers, 39 as consumers, and 19 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Honorary Jerome Strauss. 
Chairman, L. L. Wyman. 

Vice-Chairman, A. Cordovi. 
Secretary, L. B. Fonda. 


RECOMMENDATIONS ACCEPTED BY THE 
6 ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


~ Subsequent to the 1957 Annual 
Meeting, Committee A-10 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision and Reversion to Tentative of Standard 
Specifications for: 

Corrosion-Resisting Plate, Sheet, and Strip 
(A 240 - 54), and 

Corrosion-Resisting Steel Bars (A 276-55). 


These recommendations. were accepted 
by the Standards Committee on Novem- 
ber 1, 1957, and the revised specifications 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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appear in the 1957 Supplement to Book 
of ASTM Standards, Part 1. 


NEw TENTATIVE 


The committee recommends for publi- 
cation as tentative the Specification for 
Hot-Rolled and Cold-Finished Corro- 
sion-Resisting Chromium-Nickel-Man- 
ganese Steel (Types 201 and 202) Bars, 
as appended hereto.! 


REVISION OF TENTATIVE 


The committee recommends revision 
as follows of the Tentative Specifica- 
tions for Corrosion-Resisting Chromium 
and Chromium-Nickel Steel Plate, Sheet, 
and Strip for Fusion-Welded Unfired 


_ Pressure Vessels (A 240 - 57 T):? 


Section 8 (b)—Change to read as 
follows: 


(6) Between yield and fracture of the test 
specimen, the tests shall be conducted at a 
constant strain rate between in. per in. per min 
and 4 in. per in. per min, inclusive, or at a 
crosshead speed which will give a strain rate 
within this range. For the purposes of these 
specifications, the rate of strain may be deter- 
mined by a strain rate pacer, indicator, or con- 
troller, or by dividing the unit elongation by 
the elapsed time from yield strength to fracture. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 


1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 1. 
21957 Supplement to Book of ASTM Stand- 
ards, Part 1. 
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ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Specifications for Corrosion- 
Resisting Chromium-Nickel Steel 
Plate, Sheet, and Strip (A 167 54):° 


_ Section 7 (c)—Change as indicated 
above for Section 8 (6) of Specifications 
A 240. 


Standard Specifications for High- 
Strength Corrosion-Resisting Chro- 
mium-Nickel Steel Sheet and Strip 

 (A‘177 - 54):3 


Section 8(c)—Change as indicated 
above for Section 8 (5) of Specifications 
A 240. 


Standard Specifications for Corrosion- 
Resisting Steel Billets and Bars for 
Reforging (A 314 — 55):* Revise as 
appended hereto.‘ 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.° 


ACTIVITIES OF SUBCOMMITTEES 


_ Subcommittee IV on Methods of Corro- 
sion Testing (O. B. Ellis, chairman) is 
preparing summaries of the stress- 
corrosion cracking data for publication. 
Most of the stainless steel specimens for 
the atmospheric corrosion tests have been 
supplied. These will be exposed this 
summer at State College, Pa., Kure 
Beach, N. C., Newark, N. J., Columbus, 
Ohio, and Freeport, Tex. 

A new task group will be appointed to 
study a new test for determining inter- 


31955 Book of ASTM Standards, Part 1. 

4The revised standard appears in the 1958 
Book of ASTM Standards, Part 1. 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 


granular corrosion characteristics of 
sensitized stainless steels. 

Subcommittee V on Mechanical Tests 
(R. H. Heyer, chairman) has approved a 
new speed of testing procedure for the 
stainless steel flat products under the 
jurisdiction of Committee A-10 which 
is being proposed for adoption, as 
mentioned earlier in this report. 

Subcommittee VI on Metallography 
(R. Franks, chairman) is continuing to 
investigate metallographically the causes 
of cracking in heavy type 347 stainless 
steel piping. The Task Force on Sigma 
Phase is collecting samples of type 316 
showing varying degrees of corrosion 
resistance. A correlation between micro- 
structural characteristics and corrosion 
resistance will be attempted. 

Subcommittee VIII on Specifications 
for Wrought Products (R. B. Gunia, 
chairman) prepared the revision of the 
Specifications for Corrosion-Resisting 
Steel Bars (A 276 — 55) referred to 
earlier in the report. A new specification 
for Cr-Ni-Mn steel bars has been pre- 
pared. The emergency alternate provi- 
sion of Specifications A 314 - 55 have 
been eliminated and the specification 
itself has been revised. Both of these 
actions are being proposed for Society 
adoption as referred to earlier in this 
report. 

Subcommittee IX on Specifications for 
Flat Products (G. W. Hinkle, chairman) 
prepared the revised Specifications A 
240, referred to earlier in this report. 

A task force was appointed to con- 
sider minimum carbon content values 
for Types 304, 316, 321, 347, and 348. 
This group is to consult with a similar 
group in Subcommittee XI. 

Subcommittee X on Specifications for 
Castings (J. J. Kanter, chairman) has 
approved changing the minimum elonga- 
tion value and minimum tensile strength 
value of grade HI and the minimum ten- 
sile strength value of grade HK of Speci- 
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fications A 297. The silicon contents of 
grades CB-30 and CC-S0 of Speci- 
fications A 296 were also revised. In addi- 
tion, the subcommittee has approved the 
removal of the emergency alternate pro- 
visions of Specifications A 296. 

These revisions are being balloted 
through the main committee. 

Subcommitiee XIII on Specifications 
for Nuclear Reactor Structural Materials 
(M. A. Cordovi, chairman) is continuing 
its task of reviewing present ASTM 
standards in the light of various proprie- 
tary specifications on materials for 
nuclear plant applications. Although 
final recommendations from the various 
task groups are expected by the June 
meeting, it appears that no new specifi- 
cations will be required. Recommenda- 
tions will probably be in the form 
of additional requirements to existing 
specifications, these requirements to cover 
test and inspection methods and max- 
imum limits for various residual ele- 
ments. 

Joint A-1, A-10 Subcommittee on 
Stainless Tubing Specification (J. J. B. 


eral Application (EA — A 296). 


1958. 
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EpIToRIAL NOTE 


These recommendations were accepted by the Standards Committee on December 3, 
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Rutherford, chairman).—Most of the 
items covered by this subcommittee in- 
volved standards under the sole juris- 
diction of Committee A-1 and are 
recorded in the Annual Report of 
Committee A-1. A number of editorial 
revisions were made in specifications 
which are under the joint jurisdiction 
of Committees A-1 and A-10. How- 
ever, because of their minor nature, 
these will not be balloted through 
Committee A-10 and will be recorded 
in the report of Committee A-1. 


This report has been submitted to 
letter ballot of the committee. which 
consists of 103 members; 84 members 
returned their ballots, of whom 80 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
Chairman. 


G. N. EMMANUEL, 
Wit AC 2h aa / 
oft 
mt 


Subsequent to the Annual Meeting, Committee A-10 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Withdrawal of Emergency Alternate Provisions for: al 


Corrosion-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip (EA-A 167), and 
Corrosion-Resistant Iron-Chromium and Iron-Chromium-Nickel Alloy Castings for Gen- 
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REPORT OF COMMITTEE B12 2 


WIRES FOR ELECTRICAL CONDUCTORS* 


Committee B-1 on Wires for Electri- 
cal Conductors held three meetings dur- 
ing the year: in Washington, D. C., on 
October 25, 1957; in Philadelphia, Pa., 
on January 21, 1958; and in New York, 
N. Y.; on April 1, 1958. Meetings of Sub- 
committees II, IV, and VII also were 
held during the year. 

The officers and members-at-large of 
the Advisory Subcommittee elected for 
the ensuing term of two years are as 
follows: 

Chairman, D. Halloran. 

Vice-Chairman, C. E. Topping. 

Secretary, A. A. Jones. 

Members-at-large: L. B. Curtis, A. A. 
Defoe, M. F. W. Heberlein, W. F. 
Markley, and E. M. Wolf. 

The committee accepted with regret 
the resignation of W. R. Hibbard as 
Vice-Chairman and wishes to record its 
appreciation of his many contributions 
to the committee’s work. Mr. Hibbard, 
although retired, will continue his com- 
mittee membership on a personal basis. 

The committee consists of 85 mem- 
bers, of whom 43 are classified as pro- 
ducers, 27 as consumers, and 15 as 
general interest members. 


Ave New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following speci- 
fications as appended hereto:! 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

! The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 2. 


Specification for Half-Hard Aluminum 
Wire for Electrical Purposes: 


Last year the Underwriters’ Labora- 
tories expanded the range of tensile 
strength permitted for intermediate- 
temper aluminum wire. from 17,000 to 
22,000 psi, to a new 15,000 to 22,000 psi 
range. This was done because some users 
preferred a more ductile wire for smaller 
size building wires whereas other users 
preferred the stronger temper for larger 
cables for duct and conduit installation. 
Accordingly the new proposed specifi- 
cation is recommended to supplement the 
present specification for j-hard alumi- 
num (B 262). 


Specification for Rectangular and Square 
Bare Aluminum Wire for Electrical 
Conductors: 

During the last few years there has 
been growing commercial interest in 
rectangular and square aluminum wire 
for use in magnet wire. About three 
years ago the committee took note of this 
trend and started developing suitable 
specification requirements, as part of its 
continuing program of developing pro- 
posed specifications for several particu- 
lar types of aluminum conductors. 

REVISIONS OF TENTATIVE 

The committee recommends revisions 
as follows of the Tentative Specification 
for Concentric-Lay-Stranded Aluminum 
Conductors, Steel Reinforced (ACSR) 
(B 232 - 57 T)* and its continuation as 
tentative: 


21957 Supplement to Book of ASTM Stand- 
ards, Part 2. 
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Section 12——Add the following new 
Paragraph (6), relettering the present 
Paragraph (0) as (c): “(6) There shall be 
only one length of conductor on a reel.” 

Table V.—Delete the reference to 
Footnote @ from the nominal lengths of 
conductor sizes No. 5 and No. 6 Awg. 
Double the nominal lengths of the five 
constructions where the superscript a 
remains, and double the nominal weights 
of these constructions. Change footnote 
a to read ““* See Note 6.” 

Note 6.—Add to the last sentence 
“except the random lengths may be not 
shorter than 25 per cent of the nominal 
lengths of Table V, which are referenced 
to footnote a.” 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following five specifications be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision. These specifications have stood 
for two or three years as tentative, dur- 
ing which time no substantial criticism 
or suggestions for improvement have 
been received. 


Tentative Specifications for: 

Tinned Soft or Annealed Copper Wire for 
Electrical Purposes (B 33 - 56 T),? 

Lead-Coated and Lead-Alloy-Coated Soft 
Copper Wire for Electrical Purposes (B 189 - 
56 T),? 

Hard-Drawn Aluminum Wire for Electrical 
Purposes (B 230-55 

Tinned Hard-Drawn and Medium-Hard-Drawn 
Copper Wire for Electrical Purposes (B 246 — 
56 T),? 

Method for Determination of Cross-Sectional 
Area of Stranded Conductors (B 263 - 56 T).5 


REVISIONS OF STANDARDS 
IMMEDIATE ADOPTION 
The committee recommends for im- 
mediate adoption revisions in the fol- 
lowing nine standards as indicated, and 
accordingly asks for the necessary nine- 
3 1956 Supplement to Book of ASTM Stand- 


ards, Part 2. 
#1955 Book of ASTM Standards, Part 2. 
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tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the So- 
ciety: 


Standard Specification for Soft Rec- 
tangular and Square Bare Copper Wire 
for Electrical Conductors (B 48 — 57):? 


Section 11—TIn the heading of the 
tables in Paragraphs (d) and (c), change 
“plus or minus” to read “plus and 
minus.” Change Paragraph (d) to read 
as follows: 


(d) The wire shall have rounded corners or 
rounded edges as specified in Table I and as 
shown in Fig. 1. Where rounded corners are 
required the corners of the wire shall be rounded 
within the limits of radii 25 per cent under and 
25 per cent over (as determined by a radius 
gage) of those values specified in Table I. 


Table I—Change the title and head- 
ing to read as follows: 


TABLE I.—REQUIREMENTS FOR 
ROUNDED CORNERS AND ROUNDED 
EDGES. 


Specified Width, in. 


Specified 
Thickness, 
0.751 0.189 to| Up to 

Over 0.750, 0.188, 

incl incl 


Corner Radius, in. 


Section 14(c).—In the definition of A, 
change “Section 10” to read “Section 


Standard Specification for Rope-Lay- 
Stranded Copper Conductors Having 
Bunch-Stranded Members, for Elec- 
trical Conductors (B 172 55):4 


Section 10(b)—Delete this paragraph. 


Standard Specification for Rope-Lay- 
Stranded Copper Conductors Having 
Concentric-Stranded Members, for 
Electrical Conductors (B 173 — 55):4 


Section 10(b)—Change to 
follows: 


read as 
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(b) Where the length of lay is definitely 
known, the increment may be calculated if 
desired (Note 9). 


Explanatory Nole—Add a new Ex- 
planatory Note 9 to read as follows: 


Norte 9.—Any calculation of the increment 
of weight or electrical] resistance, k, of a rope- 
lay-stranded conductor involves two independ- 
ent calculations: 

1. Determination of the increment due to 
stranding of the individual members, and 

2. Determination of the increment due to 
twisting these members to form the completed 
conductor. 

In the case of a rope-lay-stranded conductor 
having concentric-stranded members, the in- 
crement k, in per cent, may be expressed as: 


kmka 


k = km + ka + 100 


where: 

km is the increment of weight or electrical 
resistance, in per cent, of an individual 
concentric-stranded member before twisting 
into the completed conductor, calculated as 
described in ASTM Specification B 8, Note 
9, and 

ka is the increment of weight or electrical 
resistance, in per cent, due to twisting the 
concentric-stranded members into the com- 
pleted conductor, calculated as described in 

_ ASTM Specification B 8, Note 9, with each 
member considered as an individual wire. 


Standard Specification for Bunch- 
Stranded Copper Conductors for Elec- 
trical Conductors (B 174 — 55):4 


Section 10(b).—Delete this paragraph. 


- Standard Method of Test for Resistivity 
of Electrical Conductor Materials 
(B 193 - 57):° 


Table I] —Add a new group of data, 
immediately following aluminum, grade 
EC, to read as follows: 


| Temperature 
Material 20 Coeficient of 
percucm! 20C 
Aluminum Alloy GS10B, 
per cent IACS: 
2.70 0.00376 
2.70 0.00363 
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Standard Classification of 
(B 224 - 52):! 


Revise as recommended by the Joint 
Committee on the Classification of Cop- 
pers (representing Committees B-1, 
B-2, and B-5), as set forth in the report 
of Committee B-5 on Copper and Copper 
Alloys. 


Coppers 


Standard Specification for Concentric- 
Lay-Stranded Aluminum Conductors, 
Hard Drawn and Three-Quarter Hard- 
Drawn (B 231 


Title—Revise to read: “Standard 
Specification for Concentric-Lay- 
Stranded Aluminum Conductors, Hard- 
Drawn, Three-Quarter Hard-Drawn, and 
Half-Hard Drawn (B 231 — 58).” 

Section 1(a).—Revise the first sen- 
tence to read: “This specification covers 
concentric-lay-stranded conductors, 
made of round aluminum wires, either 
hard-drawn, three-quarter hard-drawn, 
or half-hard drawn, for general use for 
electrical purposes.” 

Section 3(b)—Add at the end of this 
section, a third reference specification, to 
read: “Specification for Half-Hard Alu- 
minum Wire for Electrical Purposes 
(ASTM Designation: B 323).” 

Section 7—Revise the major heading 
preceding Section 7 to read: ‘Physical 
and Electrical Tests on Conductors with 
Hard-Drawn Aluminum Wires and Con- 
ductors Fabricated from Either Three- 
Quarter Hard- Drawn or Half - Hard 
Drawn Aluminum Wires and NOT 
Annealed after Stranding.” 

In Paragraph (b) revise the second, 
third, and fourth sentences to read as 
follows: 


The minimum breaking strength of hard- 
drawn, three-quarter hard-drawn, or one-half 
hard-drawn conductors so tested shall be at 
least 90 per cent of the total of the calculated 
minimum breaking strengths of the component 
wires. The minimum breaking strengths of the 
component wires shall be calculated using 
specified nominal wire diameters and specified 
minimum average tensile strengths in the case 
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of hard-drawn aluminum conductors, or spec- 
ified minimum tensile strengths in the case of 
three-quarter hard-drawn and one-half hard- 
drawn conductors. The maximum breaking 
strength of conductors made from three-quarter 
hard-drawn and one-half hard-drawn wires shall 
be not greater than the sum of the calculated 
maximum breaking strengths of the component 
wires. 


In Paragraph (c) revise the second 
sentence to read as follows: 

When so tested hard-drawn wires shall have 
minimum tensile strengths not less than 95 per 


cent of the tensile strengths prescribed for 
individual tests in Table I of the Specifications 


for Hard-Drawn Aluminum Wire for Electrical | 


Purposes (ASTM Designation: B 230), and 
three-quarter hard-drawn or one-haif hard- 
drawn wires shall have tensile strengths not less 
than 95 per cent of the minimum tensile strength 
nor more than 105 per cent of the maximum 
tensile strength prescribed in Section 5(a) of the 
Specifications for Three-Quarter Hard-Drawn 
Aluminum Wire for Electrical Purposes (ASTM 
Designation: B 262) or Section 5(a) of the 
Specification for Half-Hard Aluminum Wire 
for Electrical Purposes (ASTM Designation: 
B 323). 


Standard Specification for Standard 

Weight Zinc-Coated (Galvanized) 
Steel Core Wire for Aluminum Con- 

ductors, Steel Reinforced (ACSR) 
(B 245 —55):* 


Table VI.—Correct the fourth from 
last size (wire diameter) to read ‘‘0.1628” 
instead of “0.8162.” Revise the Nominal 
Coil Weight for sizes 0.1327 and 0.1490 
to read “400” instead of “300 Ib.” 
Delete the following sizes completely: 


Wire Diameter, in. Type 

SW 

MW 
MW 

0.0852............ MW 
MW 
MW 
MW 


Standard Specification for Zinc-Coated 
(Galvanized) Steel Core Wire (With 
Coatings 


Heavier than Standard 


On WIRES FOR ELECTRICAL CONDUCTORS 131 


Weight) for Aluminum Conductors, 
Steel Reinforced (ACSR) (B 261 - 

Table VI.—Revise the Nominal Coil 
Weight for sizes 0.1327 and 0.1490 to 
read “400” instead of ‘300 lb.” Delete 
the following sizes completely: 


Wire Diameter, in. Type 
Sw 
MW 
01986... MW 
MW 


REAPPROVAL OF STANDARDS 


The committee recommends that the 
following two standards be reaffirmed as 
standard: 


Standard S pecifications for: 


Medium-Hard-Drawn Copper Wire (B2-52), 
and 

Hot-Rolled Copper Rods for Electrical Purposes 
(B 49-52). 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Method of Test for Stiffness of Bare 
Soft Square and Rectangular Copper 
Wire for Magnet Wire Fabrication 
(B 279 - 53 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Editorial and Rec- 
ords (A. A. Jones, chairman) continued 
its editorial review of specifications and 
coordinated the various subcommittee 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters, 
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recommendations regarding revisions of 
specifications. 

Subcommitiee II on Methods of Test 
and Sampling Procedures (R. H. Lloyd, 
chairman) completed revision of Specifi- 
cation B 193 incorporating representative 
values of density and temperature coeffi- 
cient of resistance for aluminum alloy 
GS10B. It again considered the matter 
of developing a method of calculating lay 
factor for bunch-stranded conductors, 
found no practical mathematical solu- 
tion, and recommended elimination from 
Specifications B172 and B174 of the 
provision that where the length of lay is 
definitely known the increment may be 
calculated if desired. On request from 
Committee B-7 on Light Metals and 
Alloys, a task group is preparing a pro- 
posed tentative eddy current method for 
measuring resistivity. 

Subcommittee IV on Conductors of 
Copper and Copper Alloys (B. J. Sirois, 
chairman) completed revision of Speci- 
fication B48 to clarify the rounded 
corner and edge requirements, of Speci- 
fication B 173 to incorporate a method of 
computing lay factor, and of Specifica- 
tions B 172 and B 174 to delete provision 
for computing lay factor (since no practi- 
cal mathematical solution has _ been 
found). 

Task groups are cooperating with the 
U. S. Army Signal Corps Engineering 
Laboratories in the study of grey-tin 
transformation, cooperating with Under- 
writers’ Laboratories in an endeavor to 
coordinate length of lay requirements in 
small copper conductors, investigating 
means for measuring wire diameters with 
a precision greater than 0.1 mil (that is, 
in hundredths of a mil) and considering 
degree of significance needed in specify- 
ing fine-wire sizes as a preliminary to 
establishing diameter tolerances for 
very fine wires, considering a develop- 
ing need for specifications covering 


stranded silver-coated conductors having 
constructions differing from those pres- 
ently covered in Specification B 286, and 
cooperating with Committees B-2 and 
B-5 to survey the possibility of combin- 
ing in one test method all of the coating 
test requirements now included in 
Specifications B 33, B 189, and a pro- 
posed Committee B-5 specification for 
coated strip and sheet. 

Subcommittee V on Conductors of Fer- 
rous Metals (L. H. Winkler, chairman) 
has a task group preparing a proposed 
specification for aluminum-coated steel 
core wire for ACSR constructions. 

Subcommittee VII on Conductors of 
Light Metals (A. L. Kolb, chairman) 
completed preparation of the proposed 
Tentative Specification for Half-Hard 
Aluminum Wire for Electrical Pur- 
poses and of the proposed Tentative 
Specification for Rectangular and Square 
Bare Aluminum Wire for Electrical 
Conductors. The subcommittee also 
completed revision of Specification B 231 
incorporating one-half hard aluminum 
strand, and of Specification B 232 
limiting all sizes to one length per ship- 
ping reel. 

Joint Task Groups are considering the 
preparation of standard test report forms 
for bare electrical conductors, and a 
glossary of terms defining the various 
terms used in specifications under the 
jurisdiction of Committee B-1. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 members; 553 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
D. HALLOoRAN, 
Chairman. 


A. A. JOoNEs, 
Secretary. 


| 
a \ | 


REPORT OF COMMITTEE B-2 
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a 


Of NON-FERROUS METALS AND ALLOYS* 4 


Committee B-2 on Non-Ferrous 
Metals and Alloys met on June 19, 1957, 
in Atlantic City, N. J. Meetings of the 
Advisory Committee were held on the 
same date, and also on December 19, 
1957, in New York City. 

Mr. George O. Hiers was appointed 
vice-chairman and secretary of Subcom- 
mittee III on White Metal Alloys in line 
with the policy of the Advisory Commit- 
tee that vice-chairmen or secretaries be 
designated for the more active subcom- 
mittees. 

Mr. Thomas Lippert was appointed 
chairman and Mr. Arthur Jones secre- 
tary of the new Subcommittee IX on 
Titanium and Titanium Alloys. 

Messrs. J. R. Musgrave and A. M. 
Bounds have been appointed as Commit- 
tee B-2 representatives to Committee 
F-1 on Materials for Electron Tubes and 
Semiconductor Devices. 

Messrs. B. J. Sirois and Gordon C. 
Mutch have been asked to join a sub- 
committee of Committees B-1 and B-5, 
which is now considering the Tentative 
Specification for Lead-Coated and Lead- 
Alloy-Coated Soft Copper Wire for 
Electrical Purposes (B 189 - 56 T). 


Although Committee B-2 has not con- 


ducted any symposia during the past 
year, nevertheless the year has been an 
active one, with the revision of specifica- 
tions under the committee’s jurisdiction 
and the writing of a number of new 
specifications. 


* Sixty-first Annual Meeting of the Society, 


June 22-27, 1958. 
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The total membership of Committee 
B-2 is now 136, of whom 66 are classified 
as producers, 43 as consumers, and 27 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Bruce W. Gonser. 

Secreta .M. 

ry, A. M. Bounds sai 
New TENTATIVE a 

The committee recommends for publi- 
cation as tentative the Specification for 
Refined Secondary Lead, as appended 
hereto.! 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specifications for Titanium 
Strip, Sheet, Plate, Bar, Tube, Rod, 
and Wire (B 265-52 T):? Revise as 
appended hereto.' 


Tentative Specifications for Titanium 
Sponge (B299-55T):? Revise as 
appended hereto.’ 


REVISIONS OF STANDARDS, 


IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standardsand accordingly 
asks for the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 

1The new and revised tentatives appear in 


the 1958 Book of ASTM Standards, Part 2. 
21955 Book of ASTM Standards, Part 2. 
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order that the revisions may be referred 
to letter ballot of the Society: 


Standard Specifications for Slab Zinc 
(Spelter) (B 6 — 49):? 


Table I—Delete the column headed 
“Aluminum.” Add a new Note 4 to read 
as follows: 


Note 4.—Analysis shall not regularly be 
made for aluminum, but when used for rolled 
zinc or brass, if found by the purchaser, alumi- 
num shall not exceed 0.005 per cent. Greater 
amounts may constitute cause for rejection. 


Section 9.—In the last line change 
“oalvanized” to read “‘zinc-coated.” 


Classification of Coppers (B 224 — 52):? 
Revise as indicated in the 1958 Report 
of Committee B-5.' 


% REAPPROVAL OF STANDARD 


The committee recommends the reap- 
proval of the Standard Specifications for 
Rolled Zinc (B 69 — 39) which has stood 
for more than six years without revision. 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing standards: 

it 
Ti. sured 
Lake Copper Wire Bars, Cakes, Slabs, Billets, 

Ingots, and Ingot Bars (B 4 - 42), 
Electrolytic Copper Wire, Bars, Cakes, Slabs, 

Billets, Ingots, and Ingot Bars (B 5-43), 
White Metal Bearing Alloys (Known Com- 

mercially as “Babbitt Metal’) (B 23 - 49), 
Pig Lead (B 29 - 55), 

Nickel (B 39 - 22), 

Lead-Coated Copper Sheets (B 101 - 40), 
Electrolytic Cathode Copper (B 115 - 43), 
Oxygen-Free Electrolytic Copper Wire Bars, 

Billets, and Cakes (B 170-47), 
Fire-Refined Copper for Wrought Products and 

Alloys (B 216 - 49), and 
Metallic Antimony (B 237 - 52). 


Standard Specification for: 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Specification for Fire-Refined Cast- 
ing Copper (B 72 — 55 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper (W. 
E. Milligan, chairman).—The work 
which has been done on the classification 
of coppers as DLP, DHP, or DPA was 
noted and a task force appointed to de- 
termine whether one specification cover- 
ing all three or three separate new specifi- 
cations are needed. 

It is hoped that Subcommittee I may 
sponsor a delegation to the International 
Standards Organization, TC-26, the de- 
tails of which are being handled by the 
chairmen of Subcommittees I and II, W. 
E. Milligan and Sidney Rolle. 

Subcommittee II on Refined Lead, Tin, 
Antimony, and Bismuth (Sidney Rolle, 
chairman).—The task force which has 
been handling the preparation of a 
specification for refined secondary lead 
has twice balloted on drafts of the specifi- 
cation for this product during the year, 
finally resulting in agreement as indicated 
in the above listing of new specifications 
recommended for adoption. A_ task 
group has been appointed to study special 
lead for nuclear work. 

Considerable fact finding has been 
done in the past few years by working 
groups under Subcommittee II. These 
have been primarily concerned with the 
effect of impurities in tin on the proper- 
ties of tinplate, electro tinned coatings, 
and in bronze. 

3 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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Subcommittee III on White Metal Alloys 
(Dr. G. H. Clamer, chairman)—The 
subcommittee’s activities during the past 
year have resulted in the revision of 
Specifications B 32 and B 284. 

Subcommittee IV on Refined Zinc and 
Wrought Zinc (E. H. Bunce, chairman) 
is considering a slight revision in Specifi- 
cation B 6 — 49 covering slab zinc. The 
subcommittee has also indicated a desire 
that ASTM participate in the proceed- 
ings of the International Standards Or- 
ganization, TC-18, a matter which is now 
under negotiation. 

Subcommittee VII on Refined Nickel 
and Cobalt, High Nickel Alloys and High 
Cobalt Alloys, Cast and Wrought (V. J. W. 
Franceschini, chairman).—This subcom- 
mittee has had a most active year during 
which nearly all the specifications under 
its jurisdiction have been revised. Specifi- 
cations B 127, B 160, B 161, B 162, B 163, 
B 164, B 165, B 166, B 167, and B 168 
have all been extensively revised. These 
cover nickel, nickel-copper alloy, nickel- 
chromium-iron alloy, nickel-molybde- 
num, and nickel-molybdenum-chromium 
alloy in various mill forms. 

Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman)—Activity has con- 
tinued among the nine task groups set 
up to study the less common metals 
beryllium, lithium, zirconium and 
hafnium, columbium, tantalum, thorium, 


Epitor1AL Note 


Subsequent to the Annual Meeting, Committee B-2 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


New Tentative Specification for: 


Nickel-Molybdenum and Nickel-Molybdenum-Chromium Alloy Castings (B 332 — 58 


T) 


Nickel-Molybdenum Alloy Plate and Sheet (B 333 - 58 T), 
Nickel-Molybdenum-Chromium Alloy Plate and Sheet (B 334 — 58 T), 
Nickel-Molybdenum Alloy Rod (B 335 — 58 T), and 
Nickel-Molybdenum-Chromium Alloy Rod (B 336 — 58 T). 


Revision of Tentative Specifications for: 


Nickel Rod and Bar (B 160-49 T), 
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Nickel-Copper Alloy Plate, Sheet and Strip (B 127 - 49 T), 


uranium, molybdenum, and tungsten. 
It has already been indicated that it 
will not be long before specifications for 
these once rare metals will be necessary; 
accordingly the task groups are in the 
research and fact-gathering stage to 
prepare for these future requirements. 
Particular interest has been shown in the 
Task Group on Zirconium, a metal of 
great current interest. An active task 
group is preparing specifications on 
molybdenum and its alloys. 

Subcommittee IX on Titanium and 
Titanium Alloys (T. W. Lippert, chair- 
man).—After several years of relative 
inactivity as a task group under Sub- 
committee VIII, this group has been re- 
organized as Subcommittee IX and is 
currently engaged in the revision of 
Specifications B 265 and B 299, covering 
titanium strip, sheet, plate, bar, tube, 
and wire, and titanium sponge. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 174 members; 81 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Bruce W. GONSER, 
Chairman. 


A. M. Bounps, 
Secretary. 
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Nickel Seamless Pipe and Tube (B 161 - 49 T), 


Nickel Plate, Sheet, and Strip (B 162 49 T), 

3 Seamless Nickel and Nickel Alloy Condenser and Heat Exchanger Tubes (B 163 - 49 a 

a T), 

Nickel-Copper Alloy Rod and Bar (B 164-49 T), 

Nickel-Copper Alloy Seamless Pipe and Tube (B 165 - 49 T), 

Nickel-Chromium-Iron Alloy Rod and Bar (B 166 49 T), 
Nickel-Chromium-Iron Alloy Seamless Pipe and Tube (B 167 - 49 T), and he 

a Nickel-Chromium-Iron Alloy Plate, Sheet, and Strip (B 168 - 49 T). i 7 

% These recommendations were accepted by the Standards Committee on July 25, 1958, bh 


and the new and revised tentative specifications appear in the 1958 Book of ASTM - 
q Standards, Part 2. 


Me On November 13, 1958, the Standards Committee accepted the following new tenta- % 
tive specifications which are available as separate reprints: 

a Seamless and Welded Unalloyed Titanium Pipe (B 337 - 58 T), and ay 
7 Seamless and Welded Unalloyed Titanium Tubing (B 338 — 58 T). ae. 
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CORROSION OF NON-FERROUS METALS AND ALLOYS* abe te 
fy 
Committee B-3 on Corrosion of ACTIVITIES OF SUBCOMMITTEES 

Non-Ferrous Metals and Alloys held one Subcommittee III on Spray Test 


meeting during the year: at Atlantic 
City, N. J., on June 19, 1957. 

The committee consists of 101 mem- 
bers, of whom 85 are voting members; 
34 are classified as producers, 33 as 
consumers, and 18 as general interest 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, K. G. Compton. 


Vice-Chairman, E. K. Camp. Bee, 
Secretary, A. W. Tracy. 

TENTATIVES CONTINUED WITHOUT 


REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Methods of: 


Salt Spray (Fog) Testing (B 117 - 57 T), 

Total Immersion Corrosion Test of Non-Ferrous 
Metals (B 185 - 43 T), 

Alternate Immersion Corrosion Test of Non- 
Ferrous Metals (B 192 - 44 T), and 

Acetic Acid-Salt Spray (Fog) Testing (B 287 - 
57 T). 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.’ 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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(C. O. Durbin, chairman).—Several 
members are working on evaluating the 
effect of copper impurities in the salt 
solution on results obtained in salt 
spray tests. 

Subcommittee VI on Atmospheric Corro- 
sion (H. R. Copson, chairman) has set 
November, 1958, as the exposure date 
for its new atmospheric test program. 
Twenty-two different alloys of alumi- 


num, some in several heat treatments 
~and some Alclad, a total of 34 groups of 
specimens, will be exposed at four test 


locations for 1, 2, 7, and 20 years. There 
will be a total of 43 alloys of copper, lead, 
magnesium, molybdenum, nickel, tanta- 
jum, titanium, and zinc exposed at the 
same locations for 2-, 7-, and 20-yr 
periods. Specimens 8 by 4 by 0.05 in. 
will be exposed in triplicate for each 
period at Kure Beach, N. C. (east 
coast marine), New York Area (Newark, 
N. J.) (industrial), Point Reyes, Calif. 
(west coast marine), and State College, 
Pa. (rural). Corresponding specimens 
will be stored in duplicate for the same 
time periods. Amount of corrosion will 
be determined by weight loss, changes 
in mechanical properties, and pit depth. 

Subcommitlee VII on Weather (C. P. 
Larrabee, chairman) has been studying 
methods for the determination of sulfur 
dioxide and chlorides in the atmosphere. 
The subcommittee, through the Main 
Committee, sponsored a paper by P. J. 
Sereda, National Research Council of 
Canada, on “Progress Report on the 
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Measurement of Surface Moisture” 
which was published in the February 
1958 ASTM Buvutietin. Messrs. Ellis 
and Larrabee are drafting a report on 
the 8-yr exposures of zinc and steel 
specimens for calibrating the corrosivity 
of ASTM test sites. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (G. V. Kingsley, 
chairman) is evaluating the test results 
of the stainless steel galvanic couples 
exposed to the atmosphere 15 years at 
several test sites. 

The magnesium panel type of galvanic 
corrosion test couples are being as- 


| ull» ny beg 

me 


ms, 


z 


138 Report OF CoMMITTEE B-3 


sembled and will be placed on exposure 
in the fall of 1958. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members; 69 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


K. G. Compton, 
Chairman. 
A. W. Tracy, 
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Committee B-4 on Metallic Materials 
for Electrical Heating, Electrical Re- 
sistance and Electrical Contacts held 
three meetings during the year: in 
Atlantic City, N. J. on June 21, 1957; in 
Pittsburgh, Pa., on October 18, 1957; 
and in Washington, D. C., on February 
25, 1958. 

The committee consists of 51 mem- 
bers, of whom 22 are classified as pro- 
ducers, 21 as consumers, and 8 as general 
interest members. 

As it has done for the past several 
years, Committee B-4 cooperated with 
the Pennsylvania State University in 
sponsoring a Symposium on Electrical 
Contacts, at the University during the 
week of June 10, 1957. The same co- 
operation extends to the symposium 
which will be held from June 16 to 
June 18, 1958. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Erle I. Shobert IT. 
Vice-Chairman, Leonard Mayeron. 

Secretary, C. K. Strobel. 

Assistant Secretary, C. L. Guettel. 

A Compilation of ASTM Standards on 
Thermostatic Bimetals has been issued 
which contains the standards prepared 
by Subcommittee III as well as other 
standards used in bimetal specifications. 


New TENTATIVE 
The committee recomménds for publi- 
cation as tentative the Method of Test 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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for Resistance Characteristics of Micro- 
contacts as appended hereto.! 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six 
years without revision: 


Standard Method of Test for: ‘" 


Resistivity of Metallically Conducting Resist- 
ance and Contact Materials (B 63 — 49), 

Thermoelectric Power of Electrical-Resistance 
Alloys (B 77 — 33), 

Linear Expansion of Metals (B 95 — 39), 

Temperature Resistance Constants of Sheet 
Materials for Shunts and Precision Resistors 
(B 114 — 45), and 

Effect of Controlled Atmospheres Upon Alloys 
in Electric Furnaces (B 181 — 50). 


Method for: 


Life Test of Electrical Contact Materials (B 182 - 
49). 


Specifications for: 


Chromium-Nickel-Iron Alloy Castings (25-12 
Class) forHigh-Temperature Service (B 190 - 
50), and 

Nickel-Chromium-Iron Alloy Castings (35-15 
Class) for High-Temperature Service (B 207 - 
50). 


Standard Specifications B 83 — 52 and 
B 267 - 53 T are not recommended for 
reapproval since they are currently being 
revised. 


The recommendations in this report 


have been submitted to letter ballot of 


! The new tentative appears in the 1958 Book 
of ASTM Standards, Part 3. 
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- the committee, the cesults of which will 
reported at the Annual Meeting.” 


ire ACTIVITIES OF SUBCOMMITTEES 


In the Annual Report of 1957, a 
— résumé was given of tie re- 
_ search activities of the various groups in 
_ the committee. This work is continuing 
and, in general, it is going on as described 
int that report. Progress has been made 
in all of the fields of endeavor and the 
~ results will be published when new 
_ standards have been developed. 
In addition, Subcommittee II on 
? The letter ballot vote on these recommenda- 


é tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 


ba 
- 


Wrought and Cast Alloys for Structural 
Use at High Temperatures has been 
reactivated under the chairmanship of 
W. A. Blonn. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 members; 40 members have 
returned their ballot, of whom 36 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Erte I. Suosert II, 
Chairman. 


C. K. 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
meetings during the year: at Boston, 
Mass., in October 1957, and at New 
York City in January 1958. At these 
two sessions, the Executive Subcom- 
mittee and Subcommittees W-1, W-2, 
W-3, W-4, F-1, G-1, and G-3 also con- 
vened. 

The Committee regrets to announce 
the passing of C. O. Evans, a faithful 
member of the committee. 

The committee wishes to record its 
regrets in the loss in leadership of G. H. 
Harnden who has served for over 21 
years as a member of Committee B-5. 
In that time the number of items under 
the jurisdiction of the committee has 
more than doubled. Many outstanding 
accomplishments have been performed 
during his tenure in office. Mr. Harnden 
will still continue as a member of the 
committee. 

The committee consists of 134 mem- 
bers, of whom 64 are classified as pro- 
ducers, 49 as consumers, and 19 as gen- 
eral interest. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. H. Jennings. 

First Vice-Chairman, W. D. France. 

Second Vice-Chairman, W. Romanoff. 

Secretary, L. H. Adam. 

The Supervisory Group to the Amer- 
ican Standard Assn. on International 
Organization for Standardization, Tech- 


’ Sixty-Gret Annual Meeting of the Society, 


June 22-27,1958. 
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nical Committee ISO/TC-26 on Copper 
and Copper Alloys, held two meetings: 
at Boston, Mass., in October 1957, and 
at New York, N. Y., in January 1958. 

Three working groups have been es- 
tablished on current activities pertain- 
ing to ISO/TC-26: Mechanical Testing, 
B. L. Wilson, chairman; Classification 
of Wrought Copper and Copper Alloys, 
A. E. Moredock, chairman; and Classi- 
fication of Cast Copper and Copper 
Alloys, J. S. Roberts, chairman, 

Items resulting from the meeting 
held in Stockholm, Sweden, June 13 and 
14, 1955, pertaining to the expansion test, 
mercurous nitrate test, and classification 
of coppers were submitted by letter 
ballot and recommendations made to 
the Secretariat of ASA to cast an affirma- 
tive ballot on the changes. 

A forthcoming meeting of the group 
is to take place at Harrogate, England, 
with representatives of the United States 
in attendance. Sidney Rolle has gone 
to considerable effort in soliciting sup- 
port for this activity. Current plans for 
the meeting will consist of continuation 
of the work on classification of cast 
copper alloys, standardization of the 
expansion test and mercurous nitrate 
test, and classification of coppers. The 
ASTM Specifications for Electrolytic 
Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (B 5 — 43) is to 
be proposed for international standard- 
ization. Other items may arise at the 
request of foreign delegates. 

Two excellent technical sessions were 
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held by Committee B-5, with the pre- 
entation of papers entitled “Nuclear 
Radiation Effect on Copper and Copper 
Alloys” by John Moteff, Technical De- 
sign, General Electrical Co., and ‘The 
Mechanical and Physical Characteris- 
tics of Jewery Bronze, 87.5 per cent 
Strip” by Delmar E. Trout, Research 
Metallurgist, Scovill Manufacturing Co. 
The first paper is appended hereto;! 
the second was published in the ASTM 
BULLETIN, No. 227, Jan. 1958. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


_ The committee is recommending the 
revision of 35 standards and 8 tentatives. 
These recommendations are covered in 
detail in the Appendix.? 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


The Executive Subcommittee held meet- 
ings prior to each main committee 
meeting. The committee is sponsoring 
a forthcoming Copper and Brass Indus- 
try luncheon to be held at Boston, 
June, 1958. 

A proposed revision of Classification 
of Copper (B 224) was submitted to 
letter ballot of the committee, with no 
negative ballots cast. The revised classi- 
fication is appended hereto.‘ 

A joint task group to review methods 
of test of tin and lead alloy coatings was 
established in conjunction with Com- 
mittee B-1 on Wires for Electrical Con- 
ductors, B. J. Sirois, chairman. 


1 See p. 159. 

2 See p. 144. 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 

‘ The revised classification appears in the 1958 
Book of ASTM Standards, Part 2. 


An item pertaining to the request for 
closer tolerances on strip standards was 
submitted to the board of directors for 
study. 

Subcommitiee W-1 on Plate, Sheet 
and Strip (A. E. Moredock, chairman) 
held two meetings and took action on 
the following items: A revision of Speci- 
fication B 103 submitted to letter ballot 
on tin and phosphorus limits for im- 
proved fatigue properties was referred 
back to the subcommittee for resolution 
of negative ballots. Revisions of Speci- 
fication B 194 to include a new hardness 
conversion table based on task group 
study on thin strip is being referred to 
letter ballot of the subcommittee. 
Editorial revisions on resistivity termi- 
nology were recommended for Specifi- 
cation B 152. It was recommended that 
editoria! revisions be made with respect 
to reference to Methods E 8 in Specifi- 
cations B 248, B 11, B 19, B 96, B 100, 
B 130, B 171, and B 291. Specification 
B 291 is being recommended for adop- 
tion as standard. 

Subcommittee W-2 on Rods, Bars, and 
Shapes (J. D. MacQueen, chairman) 
held two meetings and discussed edi- 
torial changes to appear in the following 
specifications: B 249, B12, B 187, B 
283, B 301, B16, B21, B98, B 133, 
B 138, B 139, B 140, B 150, and B 151. 
Revisions of Specification B 140 are 
approved and appear in the Appendix 
to this report.” 

Subcommittee W-3 on Wire and Wire 
Rod (Sidney Metzger, chairman) held 
two meetings and recommended re- 
visions of Specifications B 159 and B 
250 as indicated in the Appendix. The 
Subcommittee also recommended the 
reapproval of Specifications B 134 and 
B197 as standard, the adoption of 
Specification B 250 as standard, and 
the continuation of Specification B 
272 as tentative. 

Subcommittee W-4 on Pipe and Tube 
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(G. C. Mutch, chairman).—Action was 
taken on the revision of the following 
specifications to include references to 
details on methods of tests: B 13, B 42, 
B 43, B68, B75, B88, B 111, B 135, 
B 188, B 251, B 280, B 302, B 306, and 
B 315. 

Subcommittee F-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 
chairman) held two meetings and, 
based on the investigative work of a 
task group headed by Mr. Romanoff, 
Specification B 30 is being modified to 
include new editorial format and with 
specific technical requirements. Revi- 
sions in test bar dimensions in Specifica- 
tions B 198 and Recommended Practice 
B 208 were made to eliminate discrep- 
ancies. A discussion was held on the 
method of compression testing in Stand- 
ard B 22. The subcommittee recom- 
mended reapproval of the following speci- 
fications: B 52, B 53, B 61, B 62, B 132, 
B 143, B 144, B 145, B 146, B 147, B 148, 
and B 149. Four specifications which are 
currently being investigated, B 22, B 66, 
B67, and B119, were not recom- 
mended for reapproval but are being 
retained in their present status. 
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Subcommitiee G-1 on Methods of Test 
(G. R. Gohn, chairman).—As a result of 
activity in ISO/TC-26, studies were 
made on Specifications B 153 and B 154 
resulting in modifications which were 
approved by the committee. 

Subcommitiee G-2 on Tolerances (J. 
E. McGraw, chairman) held no meetings 
but have under consideration a number 
of tolerance modifications requested by 
members of industry. 

Subcommittee G-3 on Editorial and 
Publications (W. F. Roeser, chairman) 
held two meetings and is diligently 
studying the application of the proposed 
recommendation of form of ASTM 
Specifications to Committee B-5 prod- 
uct specifications. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 134 voting members; 83 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. H. HARNDEN, 


Chairman. 
L. H. ADAM, 


(14 of 


~ Subsequent to the Annual Meeting, Committee B-5 preser: ed to the Society through Sd 
the Administrative Committee on Standards the following recommendations: a 


Rectangular Copper Wire for General Purposes (B 272 - 52 T). 


These recommendations were accepted by the Standards Committee on September 9, S 
1958, and - revised tentative specifications are available as separate reprints. 


Revision of Tentative S pecifications for: 
General Requirements for Wrought Copper and Copper-Alloy Wire (B 250 - 58 T), and 
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In this Appendix are given the recom- 
mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. 
The standards appear in their present 
form in the 1955 Book of ASTM Stand- 
ards, Part 2, or in the 1956 or 1957 
Supplements to Book of ASTM Stand- 
ards, Part 2. 


‘ REVISIONS OF TENTATIVES 


The committee recommends revisions 

as indicated of the following tentatives 

and their continuation as tentative: 


"Tentative Specification for General 
Requirements for Wrought Copper and 
Copper-Alloy Plate, Sheet, Strip, and 

’ Rolled Bar (B 248 — 55 T): 


Section 5.—Add to the table a Foot- 
note b, referenced to Methods E 8, to read 
as follows: “’ The tension test specimen 
shall conform to the dimensions pre- 
scribed in Sections 6, 7,8, or 9 of Methods 
E 8-58 T.” 


Tentative Specification for General Re- 
quirements for Wrought Copper and 
Copper-Alloy Rod, Bar, and Shapes 


ns (B 249-55 T): 
Section 5.—Add to the table a Foot- 


note b, referenced to Method E 8, to read 
to read “* The tension test specimen 
shall conform to the dimensions pre- 
scribed in Sections 8, 10, 11, or 12 of 
Methods E 8 - 58 T.” 

_ Add a new sentence at the end of the 


$ RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER _ 
AND COPPER ALLOYS, 


me 
CAST AND WROUGHT 


section to read “Whenever tension test 
results are obtained from both full size 
and from machined test specimens and 
they differ, the results obtained from 
full size test specimens shall be used to 
determine conformance to the specifi- 
cation requirements.” 


Tentative Specification for General 
Requirements for Wrought Copper 
and Copper-Alloy Wire (B 250 — 55 T): 
Tables V, VII, VIII, 1X, and X —In 

each table add a reference to ASTM 

Designation B 197 to the line in pa- 


rentheses immediately following the 
table title. 
Tentative Specification for General 


Requirements for Wrought Seamless 
Copper and Copper-Alloy Pipe and 
Tube (B 251 —56T): 


Section 2(c)—Revise to read ‘“(c) 
Average Diameter —The average outside 
or inside diameter of a tube is the aver- 
age of the maximum and minimum 
outside diameters or the maximum and 
minimum inside diameters, whichever is 
applicable, as determined at any one 
cross-section of the tube.” 

Section 4(c)—Change the words 
“physical tests” wherever they appear 
to “mechanical tests.” 

Section 5——In Paragraph (a), in the 
tabulation of tests add the following 
in parentheses to the line ‘Tension... 
E 8”: “(See also 5(), (c), and (d) ff.)” 

Add new Paragraphs (0), (c) and (d) 
to read as follows: 
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(b) Tension test specimens shall be of the full 
section of the tube and shall conform to the re- 
quirements of Section 13(a) of Methods E 8, 
unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 
mens conforming to type No. 1 of Fig. 13 of 
Methods E 8 may be used when a full section 
specimen cannot be tested. 

(c) Whenever tension test results are ob- 
tained from both full size and from machined 
test specimens and they differ, the results ob- 
tained from full size test specimens shall be used 
to determine conformance to the specification 
requirements. 

(d) Tension test results on material covered 
by this specification are not seriously affected 
by variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the rate of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not 
exceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 


Reletter the present Paragraph (6) 
as (e) and revise to read “‘(e) The surface 
of the test specimen for microscopic 
examination shall approximate a radial 
longitudinal section of the tube.” 

Section 8—Revise Paragraph (f) to 
read: 

(f) Roundness (Applicable to ASTM Desig- 
nations B 42, B 43, B 75, B 88, and B 135). 


For drawn unannealed tube or pipe in straight 
lengths, the roundness tolerances shall be as 


follows: 


Roundness Tolerance 


t/D Per Cent of Nominal 


(Ratio of Nominal Wall 
Thickness to Nominal 
Outside Diameter) 


Outside Diameter 
(Expressed to the 
Nearest 0.001 in.) 


0.01 to 0.03 inel........ 1.5 

Over 0.03 to 0.05 incl... . 1.0 

Over 0.05 to 0.10 inel.... 0.8 or 0.002 in., 
whichever is 
greater 

eae 0.7 or 0.002 in., 
whichever is 
greater 


Compliance with the roundness tolerance 
shall be determined by taking measurements on 
the outside diameter only, irrespective of the 
manner in which the tube dimensions are speci- 
fied. 

The deviation from roundness is measured as 


the difference between major and minor diame- 
ters as determined at any one cross-section of 
the tube. 

No tolerances have been established for as- 
extruded tube, redraw tube, annealed tube, any 
tube furnished in coils or drawn tube whose 
wall thickness is under 0.016 in. 


Change the second sentence of Para- 
graph (g) to read “The standard length 
for copper water tube furnished in 
straight lengths shall be 20 ft.” 

Change the first reference to B 88 
in Paragraph (h) (5) to read “For 
straight lengths of 20 ft. the tolerance 
shall be all plus 1 in.” 

Delete Paragraph (h) (3) and re- 
number subsequent paragraphs ac- 
cordingly. 

Table VIII.—Delete references to 
B 68 and B 75. 


Tentative Specification for Seamless 
Tube for Refrigeration Field Service 
(B 280 — 55 T): 


Section 7—Change the words “tensile 
properties” to read “mechanical re- 
quirements.” 

Table II —Add two new sizes, 3 in. 
and { in., as follows: 


Internal Area per 


Nominal Size, in. ia of Tube, Residue 
q ft Limit, g 
| per 50-ft 


Dismeter} Thickness 50 ft 


Outside | Wall | coil 
| 


0.1744 | 10.46" 
0.2055 | 12.33 |0.04328 
| 


2 60-ft coil (see Section 17 (b)). 


Section 14.—Change the present Sec- 
tion 14 to 14(a). In the tabulation of 
tests, revise one line as follows: 


Tension... 
and (d) ff.) 


Add new Paragraphs (0), (c), and (d) 
as follows: 


E 8 (see also Sections 14(6), (c), 


(b) Tension test specimens shall be of the 
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full section of the tube and shall conform to the 
requirements of Section 13(¢) of ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 


mens conforming to t No. 1 of Fig. 13 
(Section 13(6)) of ASTM Methods E 8 may be 
used when a full section specimen cannot be 
tested. 

(c) Whenever tension test results are ob- 
tained from both full size and from machined 
test specimens and they differ, the results ob- 
tained from full size test specimens shall be used 
to determine conformance to the specification 
requirements. 

(d) Tension test results on material covered 
by this specification are not seriously affected by 
variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the rate of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not 
exceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 


Table III.—Add two new sizes, 3 in. 
and { in., as follows: 


lavernge Wall 
Actual | wall Diam: | Thick- 
Nominal Thick- Weight eter, 
Size, in. ee ness, 
an 
in. in. minus, =. 
| in. 
4....0.750 0.042 |0.362 |0.0025,0.0035 
1g....10.875 0.045 |0.455 0.003 0.004 
Section 17(b)—Revise to read as 


follows: ‘The standard length for coils 
shall be 50 ft except for the nominal 
sizes 3? in. and 7 in., which shall be 60 
ft. The length tolerances for all coils 
shall be plus 12 in. and minus'0 in.” 


Tentative Specification for Copper-Zinc- 
Manganese Alloy (Manganese Brass) 
Sheet and Strip (B291-55T): 


Section 11—Add a footnote (6) ref- 
erenced to Methods E 8 to read “The 
tension test specimen shall conform to 
the dimensions shown in Fig. 7 of 


Methods E 8 58 T.” 


REPORT OF COMMITTEE B-5 (APPENDIX I) 


Tentative Specification for Tellurium 
Copper Rod (B 301 - 55 T): 


Section 7——Add a Note to the second 
sentence to read ‘““Note.—The tension 
test specimens shall conform to the 
dimensions prescribed in Sections 8, 10, 
11, or 12 of Methods E 8 - 58 T.” 
Tentative Specification for Copper- 

Silicon Alloy Seamless Pipe and Tube 

(B 315 - 57 T): 

Section 2(c)—Revise to 
follows: 


read as 


The average outside or inside diameter of a 
tube is the average of the maximum and mini- 
mum outside diameters or the maximum and 
minimum inside diameters, whichever is appli- 
cable, as determined at any one cross-section of 
the tube. 


Section 7.—Change the words ‘Ten- 
sile properties’ where they appear to 
“tensile requirements.” 

Section 8(b)—Revise the second sen- 
tence to read “The pipe or tube need 
not be tested at a hydrostatic pressure 
of over 1000 psi unless so specified.” 

Section 9(c)—Change the words 
“physical tests’ to ‘‘mechanical tests.” 

Section 10.—Change the present Sec- 
tion 10 to 10(a). In the tabulation of 
tests, revise one line to read as follows: 


Tension ... E 8 (See also Sections 10(b), (c), 
and (d) ff.) 


Add new Paragraphs (6), (c), and (d) 
to read as follows: 


(b) Tension test specimens shall be of the 
full section of the tube and shall conform to the 
requirements of Section 13(a), ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 
mens conforming to type No. 1 of Fig. 13 
(Section 13(6) of ASTM Methods E 8) may be 
used when a full section specimen cannot be 
tested. 

(c) Whenever tension test results are obtained 
from both full size and from machined test 
specimens and they differ, the results obtained 
from full size test specimens shall be used to de- 
termine conformance to the specification re- 
quirements. 
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RECOMMENDATIONS ON STANDARDS 


(d) Tension test results on material covered 
by this specification are not seriously affected by 
variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the rate of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not 
exceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 

REVISIONS OF STANDARDS, 

Ae IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 


Standard Specification for Copper Plates 
for Locomotive Fireboxes (B 11 — 55): 


Section 8—In line 8 refer to Fig. 6 
of Methods E8-—58T instead of the 
present Fig. 1. Delete the present Fig. 
1 and its accompanying Notes 1, 2, and 3. 


Standard Specification for Copper Rods 
for Locomotive Staybolts (B 12 — 55): 


Section 8—Add a Note to Section 8 
to read ‘““Note.—The full size section 
of the tension test specimen may be 
slightly reduced as prescribed in Section 
10(a) (1) of Methods E8-58T to 
insure fracture within the gage length.” 


Standard Specification for Seamless 
Copper Boiler Tubes (B 13-57): 


Section 6—Add three new paragraphs 
to the Note at the end.of the section to 
read as follows: 


Tension test specimens shall be of the full 
section of the tube and shall conform to the re- 
quirements of Section 13(a@) of ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 
mens conforming to type No. 1 of Fig. 13 (Sec- 
tion 13(b)) of ASTM Methods E 8 may be used 
when a full section specimen cannot be tested. 

Whenever tension test results are obtained 
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from both full size and from machined test 
specimens and they differ, the results obtained 
from full size test specimens shall be used to de- 
termine conformance to the specification re- 
quirements. 

Tension test results on material covered by 
this specification are not seriously affected by 
variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the range of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not ex- 
ceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 


Standard Specification for Free-Cutting 
Brass Rod, Bar, and Shapes for Use 
in Screw Machines (B 16-52): 


Section 6—Add a Note to the second 
sentence to read ‘““Notre.—The tension 


test specimens shall conform to the — 


dimensions prescribed in Section 8, 10, 
11, or 12 of Methods E 8 —- 58 T.” 

Add a new sentence reading ‘‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test speci- 
mens shall be used to determine con- 
formance to the specification require- 
ments.” 


Standard Specification for a 


Brass Sheet, Strip, Plate, Bar, and 
Disks (B 19 — 55): 


Section 13(a)—Change Footnote ¢ 
under the tabulation of methods to read F 
> 


“e The tension test specimen shall 
conform to the dimensions shown in 
Figs. 7 or 8 of Methods E 8-58 T.” 


Standard Specification for Naval Brass 7 f 


Rod, Bar, and Shapes (B 21-54): 


Section 7(a)—Following the second 
sentence add a Note to read “NoTE.—_ 


The tension test specimens shall con- — 


form to the dimensions prescribed in 
Sections 8, 10, 11, or 12 of Methods 
E 8-58 T.” 
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TABLE I.—COIL LENGTH TOLERANCES 
b FOR SPECIFIC LENGTHS, ALL 
PLUS (IN IN.). 


(New Table I, Specification B 68 — 55) 


For Nominal Lengths 
(in ft) 
Outside Diameter, in. 


Up to 50 Over 50 to 
incl 100 incl 


Up to 12 | 24 


TABLE II.—COIL LENGTH TOLERANCES 
FOR MILL LENGTHS, ALL PLUS. 


(In per cent of nominal length) 
(New Table II, Specification B 68 — 55) 


{Applicable Only to Full Length Pieces 


Outside. 
Diameter, in. 


For lengths 


For lengths up to over 100 ft to 


¢ 100 ft incl, per cent | 2000 ft. incl, 
per cent 
Up to 1 inel..| 5* or2 ft, which- 10° 


ever is greater 


Over 1 to 2 
inel........| 5%o0r2ft,which- | No toler- 
ever is greater ances es- 
tablished 


* Expressed to the nearest foot. 


Add a new sentence reading ‘“‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test speci- 
mens shall be used to determine con- 
formance to the specification require- 
ments.” 


Standard Specification for Seamless 
Copper Pipe, Standard Sizes 
(B 42 — 57): 


Section 9(b)—Revise the second sen- 
tence to read “The pipe need not be 
tested at a hydrostatic pressure of over 
1000 psi unless so specified.” 


Standard Specification for Seamless 
Red Brass Pipe, Standard Sizes 
(B 43-57): 


Section 9(b)—Revise the second sen- 


REPORT OF CoMMITTEE B-5 (APPENDIX I) 


TABLE III—SCHEDULE OF MILL 
LENGTHS WITH ENDS FURNISHED IN 
COILS. 


(New Table III, Specification B 68 — 55) 


Maximum 
Permis, | Permis 
sibie 
Outside Dia- | Nominal | , Sle Weights of 
meter, in. Length, ft gy, "ol Ends, in 
nominal |P¢ of 
length Weight 
Up to 1 inel..| Up to 100 70° 10 
incl 
Over 1 to 2 
ae Up to 100 60° 20 
incl 
Up to 1 incl...| Over 100 50 50° 
to 2000 
incl 


® Expressed to nearest foot. 

’Short pieces may be included as follows: 
up to 10 per cent of lot weight between 50 ft 
and one quarter of full length; and up to 40 
per cent between one quarter and full length. 


tence to read “The pipe need not be 
tested at a hydrostatic pressure of over 
1000 psi unless so specified.” 


Standard Specification for Seamless 
Copper Tube, Bright Annealed 
(B 68-55): 


Section 5(b)—Delete this section. 

Section 6—Change the words “ten- 
sile properties” to read “mechanical 
requirements.” 

Section 10(d).—Revise to read “Length 
Tolerances——Length tolerances shall be 
as given in Tables I, Il, and III.” 

New Tables—Add the accompanying 
new Tables I, II, and ITI. 


Standard Specification for Seamless 
Copper Tube (B 75 — 57): 


Section 3—Add a new item (3) to 
read as follows, renumbering subsequent 
items accordingly: ‘“(3) Whether tension 
tests are required (for drawn tempers 
only) (see Section 7).” 

Section 5.—Delete this section and 
replace with new Sections 5 and 6, to 
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read as follows, renumbering subsequent ‘Mechanical Properties of Drawn Tem- 
sections accordingly: per Tube.’’ Renumber as Section 7, and 


5. Tempers of Drawn Tube.—The tempers of revise to read as follows: 


drawn tube shall be designated as light-drawn, 

drawn, and hard-drawn (Table II). Light- i. Drawn temper tube shall conform to the 
drawn (bending) temper is used only when a mechanical properties prescribed in Table II. 
tube of some stiffness but yet capable of being Tension tests are required for tubes under y¢ in. 
bent is needed. Drawn temper is for general inside diameter or with a wall thickness under 
purposes and is most commonly used where 0.020 in. The tension test for other sizes of tube 
there is no specific requirement for high strength need not be made except when indicated by the 


TABLE IV.—MECHANICAL PROPERTY REQUIREMENTS OF DRAWN TEMPER TUBE. 


(Revision of Table II, Specification B 75 — 57) 


Rockwell Hardness? 


Drawn Temper | Outside Diameter, in. Wall Thickness, in. Tensile ae - 
Scale Hardness 
Light.......... MO USSR all 30T | 30to60| 36 000 to 


47 000 
Drawn (Gen- 
eral Purpose).| all................: all 30T | 30 min 36 000 min 
over 1 to 2 inel...... 0.035 to 0.180 incl 30T | 55 min 45 000 min 
over 2 to4incl...... 0.060 to 0.250 incl 


@ Rockwell hardness values shall apply only to tubes having an inside diameter of 54¢ in. or over 
and a wall thickness of 0.020 in. and over. Rockwell hardness tests shall be made on the inside 
surface of the tube. When suitable equipment is not available for determining the specified Rock- 
well hardness, other Rockwell scales and values may be specified subject to agreement between 
purchaser and supplier. 


TABLE V.—MECHANICAL PROPERTY REQUIREMENTS OF ANNEALED 
TEMPER TUBE. 
(New Table III, Specification B 75 — 57) 


Outside Rockwell Hardness® 
Annealed Temper Diameter, Wall Thickness, in. inne Same 
Scale Value 
all 0.015 to 0.035 15T 60 max 0.040 min 
0.035 and over F 50 max 0.040 min 
all 0.015 to 0.035 15T 65 max 0.040 max 
0.035 and over F 55 max 0.040 max 


@ Rockwell hardness values shall apply only to tube having an inside diameter of 54g in. or over 
and having a wall thickness of 0.015 in. or over. For all other tube no Rockwell values shall apply. 
Rockwell hardness tests shall be made on the inside surface of the tube. When suitable equipment 
is not available for determining the specified Rockwell hardness, other Rockwell scales and values 
may be specified subject to agreement between purchaser and supplier. 


on the one hand, or for bending qualities on the 
other. Hard-drawn temper is used only where 
there is need for a tube as strong as is commer- 
cially feasible for the sizes indicated. For any 
combination of diameter and wall thickness not 
covered under hard-drawn temper, the values 
given for drawn temper shall be used. 

6. Tempers of Annealed Tube-—The tempers 
of annealed tube shall be designated as light 
anneal and soft anneal (Table II). 


Section 6—Change the title to read 


purchaser at the time of placing the order. A 
convenient method of indicating that the tension 
test is required is to state that “Test procedure 
‘T’ is required.” (See Section 3 (3).) Where agree- 
ment on the Rockwell hardness tests cannot be 
reached, the tensile strength requirements of 
Table II shall be the basis for acceptance or re- 
jection. 


Table II.—Revise Table II to read as 
shown in the accompanying Table IV. — 
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TABLE VI.—COIL LENGTH TOLER- 
ANCES, SPECIFIC LENGTHS, ALL PLUS 
(IN IN.). 


(New Table IV, Specification B 75 — 57) 


TABLE VIII.—SCHEDULE OF MILL 
LENGTHS WITH ENDS FURNISHED IN 
COILS. 


(New Table VI, Specification B 75 — 57) 


For Nominal Lengths (in ft) 


Outside Diameter, in. 


Cues er 50 to 


“Up tic. 12 24 


TABLE VII.—COIL LENGTH TOLER- 
ANCES, MILL LENGTHS, ALL PLUS. 


(In per cent of nominal length) 
(New Table V, Specification B 75 — 57) 


Applicable Only to Full Length Pieces 
Outside Dia- 
meter, in For lengths up to ety D000 ft 
100 ft incl, per cent incl, per cent 
Up to 1 incl...| 5* or 2 ft, which- 10° 
ever is greater 
Over 1 to 2 
PPR 5¢ or 2 ft, which- | no toler- 
ever is greater ances es- 
tablished 


* Expressed to the nearest foot. 


New Section—Add a new Section 8 
to read as follows: 


8. Mechanical Property Requirements of An- 
nealed Temper Tube.—Annealed temper tube 
shall conform to the grain size and Rockwell 


_ hardness limits prescribed in Table ITI. 


New Table—Add a new Table III 
to read as shown in the accompanying 
Table V. 

Note—Transfer the Note following 
the present Section 6 to follow the new 
Section 8. 

Section 8—Renumber the present 
Section 8 as Section 10. Revise Para- 
graph (b) to read “The tube need not 
be tested at a hydrostatic pressure of 
over 1000 psi unless so specified.” 

Section 12(d).—Revise to read “(d) 
Length Tolerances—Length tolerances 
shall be as given in Tables IV, V, and VI.” 

New Tables—Add new Tables IV, V, 
and VI as shown in the accompanying 
Tables VI, VII, and VIII. 


Shortest | Maximum 
Outside Dia- Nominal 
|Length, ft,) Weight of 
meter, in. Length, ft per cent of} Ends, in 
nominal r cent of 
length t Weight 
Up to linel...| Up to 100 702 10 
incl 
Over 1 to 2 
eR Up to 100 60° 20 
incl 
Up to 1 incl...| Over 100 to 50 50° 
2000 incl 


* Expressed to nearest foot. 

+’ Short pieces may be included as follows: 
up to 10 per cent of lot weight between 50 ft 
and one-quarter of full length; and up to 40 per 
cent between one-quarter and full length. 


Standard Specification for Seamless 
Copper Water Tube (B 88-55): 


Section 3—Add a new item (3) to 
read as follows, renumbering subsequent 
items accordingly: “Whether tension 
tests and grain size determinations are 
required (Section 8).” 

Section 8—Change the title to “Me- 
chanical Properties” and revise to read 
as follows: 


8. The tube shall conform to the mechanical 
property requirements prescribed in Table I. 
Tension tests and grain size determinations need 
not be made except when indicated by the pur- 
chaser at the time of placing the order. A con- 
venient method of indicating that these tests are 
to be made is to state that “Test Procedure “T’ 
is required” (Section 3 (3)). Where agreement 
on the Rockwell hardness tests cannot be 
reached, the tensile strength and grain size re- 
quirements of Table I shall be the basis for 
acceptance or rejection. 


Table I—Revise to read as shown in 
the accompanying Table IX. 

Section 10(b).—Revise the second sen- 
tence to read “The tube need not be 
tested at a hydrostatic pressure of over 
1000 psi unless so specified.” 
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Standard Specification for Copper-Silicon 
Alloy Plate and Sheet for Pressure 
Vessels (B 96-55): 


Section 7.—Change Footnote under 
the tabulation of methods to read “* The 
tension test specimen shall conform to 
the dimensions shown in Figs. 7 or 8 of 
Methods E 8 - 58 T.” 


Standard Specification for Copper-Sili- 
con Alloy Rod, Bar, and Shapes 
(B 98-55): 


Section 6—Add a Note following 
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Standard Specification for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 — 57): 


Section 7(b)—Delete this paragraph. 

Section 11.—Revise the second sen- 
tence to read “The tube need not be 
tested at a hydrostatic pressure of over 
1000 psi unless so specified.” 

Section 12—Renumber this paragraph 
as 12(a). 

Add to the tabulation of tests the 
following line: 


the second sentence to read ‘‘Note-—The Tension...E8. # 
_ 
TABLE IX.—MECHANICAL PROPERTY REQUIREMENTS. _ 
(Revision of Table I, Specification B 88 - 55) aa 
Rockwell Hardness® Tensil 
Temper Strength, Gate 
a a all F 50 max 30 000 0.040 min 
Annealed, straight lengths.......... all F 55 max 30 000 0.025 min 
all 30T 30 min 36 000 


@ Rockwell hardness tests shall be made on the inside surfaces of the tube. When suitable equip- 
ment is not available for determining the specified Rockwell hardness, other Rockwell scales and 
values may be specified subject to agreement between purchaser and supplier. 


tension test specimens shall conform to 
the dimensions prescribed in Sections 
8, 10, 11, or 12 of Methods E 8.” 

Add a new sentence to read ‘‘Whenever 
tension test results are obtained from 
both full size and from machined test 
specimens and they differ, the results 
obtained from full size test specimens 
shall be used to determine conformance 
to the specification requirements.” 


Standard Specification for Rolled Copper- 
Alloy Bearing and Expansion Plates 
and Sheets for Bridge and Other 
Structural Uses (B 100-55): 


Section 7(a)—Change Footnote 6b 
under the tabulation of methods to read 
‘“’The tension test specimen shall 
conform to the dimensions shown in 


Figs. 7 or 8 of Methods E8- 58 T.” 


Add a new Paragraph (6) to read 
as follows: 


The surface of the test specimen for micro- 
scopic examination shall approximate a radial 
longitudinal section of the tube. 


Table II—Add three new paragraphs 
to Footnote a to read as follows: 


Tension test specimens shall be of the full 
section of the tube and shall conform to the 
requirements of Section 13(a) of ASTM Meth- 
ods E 8, unless the limitations of the testing 
machine preclude the use of such a specimen. 
Test specimens conforming to type No. 1 of 
Fig. 13 (Section 13(b)) of ASTM Methods E 8 
may be used when a full section specimen can- 
not be tested. 

Whenever tension test results are obtained 
from both full size and from machined test 
specimens and they differ, the results obtained 
from full size test specimens shall be used to 
determine conformance to the specification re- 
quirements. 

Tension test results on material covered by 
this specification are not seriously affected by 
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variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the range of stressing to the yield strength 
should not exceed 100,000 psi per minute. 
Above the yield strength the movement per 
minute of the testing machine head under 
load should not exceed 0.5 in. per in. of gage 
length (or distance between grips for full sec- 
tion specimens). 


Report or Commirree B-5 (AprenpIx 1) 


Add a third sentence to read ‘‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the results 
obtained from full size test specimens 
shall be used to determine conformance 
to the specification requirements.” 


TABLE X.—MECHANICAL PROPERTY REQUIREMENTS OF DRAWN 
TEMPER TUBE. 


(Revision of Table II, Specification B 135 — 55) 


Alloy No. Temper 
1 Light-drawn......|...... all 
Drawn (general 
purpose)....... all 
Hard-drawn...... -up to 1 incl 
"Ge over 1 to 2 
incl 
over 2 to 4 
incl 
2,3 and | Drawn (general 
4 purpose. ....... all 
Hard-drawn...... up to 1 incl 
over 1 to 2 
incl 
over 2 to 4 
incl 
5and6 | Drawn (general 
purpose)....... all 


Rockwell 
Wall Thickness, in. i Hardness," 
all 44 000 to 43 to 75 
58 000 
all 44 000 min 43 min 
0.020 to 0.120 incl 
0.035 to 0.180 incl 
57 000 min 65 min 
0.060 to 0.250 incl 
all 54 000 min 53 min 
0.020 to 0.120 incl 
0.035 to 0.180 incl 
66 000 min 70 min 
0.060 to 0.250 att 
all 54 000 min 55 min 


* Rockwell hardness values shall apply only to tubes having an inside diameter of 24g in. or over 


and a wall thickness of 0.012 in. and over. Rockwell hardness shall be made on the inside surface 
of the tube. When suitable equipment is not available for determining the specified Rockwell hard- 
ness, other Rockwell scales and values may be specified subject to agreement between purchaser 


and supplier. 


Standard Specification for Commercial 
Bronze Strip (B 130 — 55): 


Section 13(a)—Change Footnote ¢ 
under the tabulation of methods to read 
“e The tension test specimen shall 
conform to the dimensions shown in 
Fig. 7 of Methods E 8 —- 58 T.” 


Standard Specification for Copper Rod, 
Bar and Shapes (B 133 — 57): 


Section 12(a).—Add a note to the sec- 
ond sentence to read “Notr.—The ten- 
sion test specimens shall conform to the 
dimensions prescribed in Sections 8, 10, 
11, or 12 of Methods E 8 — 58 T.” 


Standard Specification for 
Brass Tube (B 135 — 55): 


Section 3—Add a new item (3) to 
read as follows, renumbering subsequent 
items accordingly: (3) Whether tension 
tests are required (for drawn tempers 
only) (Section 7).” 

Section 5—Revise to read as iollows: 


Seamless 


5. The tempers of drawn tube shall be 
designated as light-drawn, drawn, and _ hard- 
drawn (see Table II). Light-drawn (bending) 
temper is used only when a tube of some stifi- 
ness but yet capable of being bent is needed. 
Drawn temper is for general purposes and is 
most commonly used where there is no specific 
requirement for high strength on the one hand 
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or for bending qualities on the other. Hard- 
drawn temper is used only where there is need 
for a tube as strong as is commercially feasible 
for the sizes indicated. For any combination of 
diameter and wall thickness not covered under 
hard-drawn temper, the values given for drawn 
temper shall be used. 


Section 6.—Revise to read as follows: 


6. The tempers of annealed tube shall be 
designated as light anneal and soft anneal 
(Table ITI). 


Section 8—Change the title to ““Me- 
chanical Properties of Annealed Temper 
Tube” and revise to read as follows: 

8. Annealed temper tube shall conform to the 
grain size and Rockwell hardness limits pre- 
scribed in Table ITI. 

Table II—Revise to read as shown 
in the accompanying Table X. 

Table II I.—Revise to read as shown 
in the accompanying Table XI. yt 


TABLE XI—MECHANICAL PROPERTY REQUIREMENTS OF ANNEALED 
TEMPER TUBE. 


(Revision of Table III, Specification B 135 — 55) 


Rockwell, Average Grain 
Alloy Ne. (Annealed) Temper Wall Thickness, in. 

Scale | Max Min Max 
: Up to 0.045 incl 30T 36 0.025 | 0.060 
| Soft anneal......... bn 0.045 F | 75 | 0.025 | 0.060 

Up to 0.045 incl 30T 39 0.035 
Light Anneal....... hone 0.045 F | 85 | 0.035 
Up to 0.030 incl 30T 40 0.025 | 0.060 
2,3, and 4 Soft Anneal......... ore 0.030 F so | 0.025 | 0.060 
b 

2, 3, 4, 5 and 6 | Light Anneal....... inel 


* Rockwell hardness values shall apply only to tube having an inside diameter of 54 in. or over 
and having a wall thickness of 0.015 in. or over. For all other tube no Rockwell values shall apply. 
Rockell hardness tests shall be made on the inside surface of the tube. When suitable equipment 
is not available for determining the specified Rockwell hardness, other Rockwell scales and values 
may be specified subject to agreement between purchaser and supplier. 

*Although no minimum grain size is specified, the product must nevertheless have a fully re- 


crystallized grain structure. 


Section 7—Change the title to ““Me- 
chanical Properties of Drawn Temper 
Tube” and revise to read as follows: 


7. Drawn temper tube shall conform to the 
mechanical properties prescribed in Table II. 
Tension tests are required for tubes under 35 in. 
inside diameter or with a wall thickness under 
0.020 in. The tension test for other sizes of 
tubes need not be made except when indicated 
by the purchaser at the time of placing the 
order. A convenient method of indicating that 
the tension test is required is to specify that 
‘*Test Procedure ‘T’ is required” (Section 3(3)). 
When agreement on the Rockwell hardness tests 
cannot be reached, the tensile strength require- 
ments of Table II shall be the basis for accept- 


ance or rejection. 


Standard Specification for Manganese 
Bronze Rod, Bar, and Shapes 
(B 138 — 54): 


Section 7(a)—Add a Note to the 
second sentence to read ‘“‘“NoTE.—The 
tension test specimens shall conform to 
the dimensions prescribed in Sections 
8, 10, 11, or 12 of Methods E 8 - 58 T.” 

Add a new sentence to read ‘‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test speci- 
mens shall be used to determine con- 
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formance to the specification require- 


ments.” 
Standard Specification for Phosphor 
- Bronze Rod, Bar, and Shapes 


(B 139 - 52): 

Section 6—Add a Note to the second 
sentence to read “Note.—The tension 
test specimens shall conform to the 
dimensions prescribed in Sections 8, 
10, 11, or 12 of Methods E8-58 T.” 

Add a new sentence to read “‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test 
specimens shall be used to determine 
conformance to the specification re- 
quirements.” 


Standard Specification for Leaded Red 
Brass (Hardware Bronze) Rod, Bar, 
and Shapes (B 140 — 54): 

Table II.—Revise the last two lines 
of Table II so that all sizes of half-hard 
* rectangles and squares have the follow- 
ing requirements: 


Tensile strength, min, psi.......... 40 000 

Yield strength, min, psi........... 25 000 
in 4X diameter or thick- 

of specimens, min, per cent. . 12 


Section 6.—Following the second sen- 
tence add a note to read “Note——The 
tension test specimens shall conform to 
the dimensions prescribed in Sections 
8, 10, 11, or 12 of Methods E 8 - 58 T.” 
Add a new sentence to read “When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test 
specimens shall be used to determine 
conformance to the specification re- 
quirements.” 


Standard Specification for Aluminum 
Bronze Rod, Bar, and Shapes 
(B 150 — 54): 


Section 7(a) ——Add a Note to the 


Report oF CoMMITTEE B-5 (APPENDIX I) 


second sentence to read “Note.—The 
tension test specimens shall conform to 
the dimensions prescribed in Sections 8, 
10, 11, or 12 of Methods E 8-58 T.” 

Add a new sentence to read “‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test 
specimens shall be used to determine 
conformance to the specification re- 
quirements.” 


Standard Specification for Copper- 
Nickel-Zinc Alloy (Nickel Silver) Rod 
and Bar (B 151 — 55): 


Section 7.—Add a note to the second 
sentence to read ‘‘Note.—The tension 
test specimens shall conform to the 
dimensions prescribed in Sections 8, 10, 
11, or 12 of Methods E 8 - 58 T.” 

Add a new sentence reading ‘“‘When- 
ever tension test results are obtained 
from both full size and from machined 
test specimens and they differ, the 
results obtained from full size test 
specimens shall be used to determine 
conformance to the specification re- 
quirements.” 


Standard Specification for Copper Sheet, 
Strip, Plate, and Rolled Bar 
(B 152-55): 


Section 13—Revise units of electrical 


resistivity to read ‘““ohm—gram/meter?.”’ 


Standard Method of Test for Expansion 
(Pin Test) of Copper and Copper- 
Alloy Tubing (B 153 — 55): 
Section 2(a).—Replace the 

Section 2(a) with the following: 


present 


(a) Pin.—The pin shall have an included 
angle of 45 deg unless provided otherwise in the 
product specification. The pin shall be made of 
tool steel and shall be hardened and ground to 
the prescribed angle and shall have a smooth, 
polished surface. The size of the pin at the bar 
shall be suitable for the size of tubing being 
tested. 
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Standard Method of Mercurous Nitrate 
Test for Copper and Copper Alloys 
(B 154-51): 


Section 1—Add a new Note 3 to 
read as follows: 


Note 3.—For any particular copper alloy, 
reference should be made to the material speci- 
fication. 


Section 3—Add the following new 
sentence: “To obtain the most signifi- 
cant test on rod, wire, and tube, it is 
recommended that, in the absence of a 
prescribed specimen size in the product 
specification, the test specimen be at 
least 6 in. in length or twice the di- 
ameter, whichever is greater, when 
practicable.” 

Section 4—Paragraph  (a).—Revise 
the second sentence to read “If necessary 
totally immerse the specimen in an 
aqueous solution of sulfuric acid (15 
per cent by volume) or nitric acid (40 
per cent by volume) until all oxides are 
completely removed from its surface 
or pickle in such solutions as may be 
prescribed in the specification for the 
material being tested.” In the fourth 
sentence add the words “at room 
temperature” following the words ‘“‘to- 
tally immerse it.” 

Paragraph (b).—Add to the end of the 
third sentence ‘unless a time limitation 
is provided in the product specification.” 


Standard Specification for Phosphor 
Bronze Wire (B 159 — 57): 


Table I.—Revise the tin limits under 
Alloy A from “3.5 to 5.8” to read 
4.2 to 5.8.” 


Standard Specification for Copper-Alloy 
Condenser Tube Plates (B 171-55): 


Section 7.—Change Footnote 6 under 
the tabulation of methods to read 
“’ The tension test specimen shall 
conform to the dimensions shown in 


Figs. 7 or 8 of Methods E 8-58 T.” 
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Standard Specification for Copper Bus 
Bar, Rod, and Shapes (B 187-55): 


Section 8(a).—Add a Note to the 
second sentence to read “NotE.—The 
tension test specimen shall conform 


to the dimensions prescribed in Sections 
8, 10, 11, or 12 of Methods E 8 — 58 T.” 


Standard Specification for Seamless 
Copper Bus Pipe and Tube (B 188 - 
56): 

Section 2(c)—Revise to read as 
follows: 


(c) Average Diameter.—The average outside 
or inside diameter of a tube is the average of the 
maximum and minimum outside diameters or 
the maximum and minimum inside diameters, 
whichever is applicable, as determined at any 
one cross-section of the tube. 

Section 3—Add a new item (3) to 
read as follows, renumbering subsequent 
items accordingly: “(3) Whether tension, 
elongation and bend tests are required 
(Section 5).” 

Section 5—Change the title to read 
“Mechanical and Electrical Properties.” 
Revise Paragraph (a) to read as follows: 

5. (a) The material shall conform to the 
mechanical and electrical resistivity or conduc- 
tivity requirements prescribed in Table I. Ten- 
sion, elongation, and bend tests need not be 
made except when indicated by the purchaser at 
the time of placing the order. A convenient 
method of indicating that these tests are re- 
quired is to state that “Test Procedure ‘T’ is 
required” (Section 3 (3)). When agreement on 
the Rockwell hardness tests cannot be reached 
the tension test shall be made. 


Table I.—Change the title to read 
“Mechanical and Electrical Property 
Requirements.” 

Section 10—In the tabulation of 
tests in Paragraph (a), revise one line 
as follows: 

Tension... E 8 (see also Section 10(d), (c), 
and (d)). 

Renumber the present Paragraph (6) 
as (e) and add a new Paragraph (0) to 
read as follows: 
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(b) Tension test specimens shall be of the full 
section of the tube and shall conform to the re- 
quirements of Section 13(a) of ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 
om conforming to type No. 1 of Fig. 13 (Sec- 
tion 13(6) of ASTM Methods E 8 may be used 

_ when a full section specimen cannot be tested). 


_ Add new Paragraphs (c) and (d) to 
read as follows: 


(c) Whenever tension test results are ob- 


tained from both full size and from machined 
test specimens and they differ, the results ob- 
tained from full size test specimens shall be used 
to determine conformance to the specification 
requirements. 

(d) Tension test results on material covered 
by this specification are not seriously affected 
_ by variations in speed of testing. A considerable 

range of testing speed is permissible; however, 

the rate of stressing to the yield strength should 
not exceed 100,000 psi per min. Above the yield 
strength the movement per min of the testing 
machine head under load should not exceed 0.5 
_ in. per in. of gage length (or distance between 
_ grips for full section specimens). 


Section 12(d)—In the second line, 
, change the word “physical” to read 
“mechanical and electrical.” 
Section 13—Revise Paragraph (j) to 
as follows: 


Revise Paragraph (k) to read as 
follows: 


(k) Roundness.—For drawn unannealed tube 
or pipe in straight lengths, the roundness toler- 
ances shall be as follows: 


Roundness Tolerance, 
as Per Cent of Nominal 
Outside Diameter 
(Expressed to the 
nearest 0.001 in.) 


(Ratio of Nominal Wall 
Thickness to Nominal 
Outside Diameter) 


0.01 to 0.03 incl......... 1.5 
Over 0.03 to 0.05 incl.... 1.0 
~ Over 0.05 to 0.10 incl.... 0.8 or 0.002 in., 
whichever is 
greater 
0.7 or 0.002 in., 
whichever is 
greater 


Compliance with the roundness tolerance 
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shall be determined by taking measurements on 
the outside diameter only, irrespective of the 
manner in which the tube dimensions are speci- 
fied. 

The deviation from roundness is measured as 
the difference between major and minor diame 
ters as determined at any one cross-section of 
the tube. 

No tolerances have been established for as- 
extruded tube, redrawn tube, annealed tube, 
any tube furnished in coils or drawn tube whose 
wall thickness is under 0.016 in. 


Standard Specification for Silicon Bronze 
and Silicon Brass Sand Castings 
(B 198 — 52): 


Section 6(d).—Revise the first sen- 
tence to read: ““Unmachined specimens 
shall be cast in accordance with the re- 
quirements of Fig. 4, Specification 
B 208 - 54.” 


Recommended Practice for Tension 
Test Specimens for Copper-Base 


Alloys and Sand Castings (B 208 — 54): 
Section 2—Change paragraphs (a) 
and (0) to read as follows: 


(a) The test bar coupons shall be made in the 
production sand in which the castings they 
represent are made wherever possible. Even if 
the castings are cast entirely in green sand, 
partial cores shall be permitted for the test bars, 
but in no case shall chills be permitted. Unless 
otherwise agreed upon by the manufacturer and 
purchaser, test bars may be poured in cores on a 
production line. 

(b) High-Shrinkage Alloys.—The test speci- 
men coupons for copper-base casting alloys 
exhibiting high shrinkage during freezing and 
cooling shall be cast to the form and dimensions 
shown in Fig. 1 or 3. If specimens having 
threaded ends are to be used in the tension 
tests, the length of the blocks in Fig. 1 may be 
reduced to 6} in. 


Standard Classification of 
(B 224-52): Revise as 
hereto.! 


Coppers 
appended 


1 The revised classification appears in the 1958 
Book of ASTM Standards, Part 2. 
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(j) Length for Water Tube.—The standar 
_ length of copper water tube in straight lengtl 
’ shall be 20 ft with a tolerance of 1 in., all plus 
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Standard Specification for Threadless 
Copper Pipe (B 302 — 57): 


Section 3——Add a third item to read 
(3) Whether tension tests are required 
(Section 6).” 

Section 6.—Change the title to read 
“Mechanical Properties” and revise to 
read as follows: 


6. (a) The material shall conform to the 
following mechanical property requirements: 


Tensile strength, min, psi.......... 36 000 
Rockwell hardness, min, F scale... . 55 


When agreement on Rockwell hardness tests 
cannot be reached, the tensile strength require- 
ments shall be the basis for acceptance or rejec- 
tion. 

(b) Tension tests need not be made except 
when indicated by the purchaser at the time of 
placing the order. A convenient method of indi- 
cating that this test is to be made is to state 
that “Test Procedure ‘T’ is required” (Section 


3 (3)). 


Section 7.—Revise the second sentence 
to read ‘The pipe need not be tested at a 
hydrostatic pressure of over 1000 psi 
unless so specified.” 

Section 9(c)—Change the title to 
read ‘“Tests for Mechanical Properties.” 
In the second line change ‘physical 
tests” to read “tests for mechanical 
properties.” 

Section 10—Renumber the present 
Section 10 to 10(a). In the tabulation of 
tests, revise one line as follows: 

Tension... E8 (see also 10(b), (c) and 
(d) ff.) 

Add new Paragraphs (6), (c), and (d) 
as follows: 


(b) Tension test specimens shall be of the full 
section of the tube and shall conform to the 
requirements of Section 13(@) of ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test speci- 
mens conforming to type No. 1 of Fig. 13 
(Section 13(b)) of ASTM Methods E 8 may be 
used when a full section specimen cannot be 
tested. 

(c) Whenever tension test results are ob- 
tained from both full size and from machined 
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test specimens and they differ, the results ob- 
tained from full size test specimens shall be used 
to determine conformance to the specification 
requirements. 

(d) Tension test results on material covered 
by this specification are not seriously affected by 
variations in speed of testing. A considerable 
range of testing speed is permissible; however, 
the rate of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not 
exceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 

Section 13(e)—Revise the second sen- 
tence to read “The length tolerance 
shall be plus 1 in., minus 0 in.” 


Standard Specification for Copper Drain- 
age Tube (DWV) (B306-57): 


Section 2——Add a third item to read: 
“(3) Whether tension tests are required 
(Section 5).” 

Section 5——Change the title to read 
“Mechanical Properties” and revise to 
read as follows: 


5. (a) The material shall conform to the 
following mechanical property requirements: 


Tensile strength, min, psi.......... 36 000 
Rockwell hardness, min, F seale... . 55 
When agreement on Rockwell hardness tests 
cannot be reached, the tensile strength require- 
ments shall be the basis for acceptance or rejec- 
tion. 

(b) Tension tests need not be made except 
when indicated by the purchaser at the time of 
placing the order. A convenient method of indi- 
cating that this test is to be made is to state that 
“Test Procedure ‘T’ is required” (Section 2(3)). 


Section 6(c)—Change the title to 
read “Tests for Mechanical Properties” 
and revise the first sentence to read 
“The required tests for mechanical 
properties shall be made on each sample 
so selected.” 

Section 7.—Renumber the present Sec- 
tion 7 as Section 7(a). In the tabulation 
of tests, show the following change in 
one line: 


Tension . .. E 8 (see also 7(b), (c) and (d) ff.) 
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Add new Paragraphs (8), (c) and (d) 
. to read as follows: 

; (b) Tension test specimens shall be of the full 
section of the tube and shall conform to the re- 
quirements of Section 13(a¢), ASTM Methods 
E 8, unless the limitations of the testing machine 
preclude the use of such a specimen. Test 
specimens conforming to type No. 1 of Fig. 13 

(Section 13(6) ) of ASTM Methods E 8 may be 
used when a full section specimen cannot be 

tested. 

(c) Whenever tension test results are ob- 
tained from both full size and from machined 
_ test specimens and they differ, the results ob- 
tained from full size test pane shall be used 
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to determine conformance to the specification 
requirements. 

(d) Tension test results on material covered 
by this specification are not seriously affected 
by variations in speed of testing. A considerable 
range of testing speed is: permissible; however, 
the rate of stressing to the yield strength should 
not exceed 100,000 psi per minute. Above the 
yield strength the movement per minute of the 
testing machine head under load should not ex- 
ceed 0.5 in. per in. of gage length (or distance 
between grips for full section specimens). 


Section 11(e).—Revise the second sen- 
tence to read “The length tolerance 
shall be plus 1 in., minus 0 in.” 
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NUCLEAR RADIATION EFFECT ON COPPER AND COPPER ALLOYS* — 


By Joun 


The effects of nuclear radiation on 
materials, metals in particular, have 
been under extensive study since the 
construction of the first nuclear reac- 
tors. E. P. Wigner first called attention 
to the fact that energetic neutrons, born 
in a fission process, would have the 
ability to displace atoms from equi- 
librium positions in the crystal lattice of 
solids that might be far removed from 
the nuclear fuel, and as a consequence 
would have deleterious effects on many 
properties that would be of engineering 
interest in reactor construction. 

Early experimental studies followed 
up by theoretical analysis by F. Seitz, 
G. J. Dienes, and H. Brooks confirmed 
Wigner’s prophecy and led to suitable 
action by the reactor designer to allow 
for the damage expected to result from 
reactor operation. It soon became ob- 
vious that radiation damage was to be 
expected in all solid material and that 
the susceptibility of various materials 
to neutron and fission fragments effects 
would be a function of that particular 
solid. It was also apparent that the 
magnitude of the effect was a function 
of the neutron flux, the temperature, 
the environment during irradiation, and 
other variables such as stress. 


* This paper was presented at the Meeting 
of ASTM Committee B-5 on Copper and Cop- 
per Alloys, Cast and Wrought, held in Boston, 
Oct. 10, 1957. 

Technical Design, General Electric Co., 
Aircraft Nuclear Propulsion Dept., Cincin- 
nati, Ohio. 


aod 


REACTOR RADIATIONS 


Figure 1 indicates the types of radia- 
tion that may be expected from a reac- 
tor. The three basic types of radiation 
resulting from fission are: (1) fission 
fragments, which are massive particles 
relative to the neutron and are highly 
charged. The damaging effects of these 
particles are generally confined to 
regions localized about the fuel ele- 
ments. (2) Fast neutrons, which have a 
mass approximately equal to a hydrogen 
atom but have no electrical charge and 
hence are not subjected to forces due to 
the electrical fields present in inter- 
atomic distances. (3) Gamma rays, 
which behave similarly to X-rays. This 
radiation is not localized in any small 
area within the reactor, as are the fis- 
sion fragments, but is essentially a 
diffuse distribution. An inspection of 
Fig. 1 will show that these gamma 
rays (which include bremsstrahlung) are 
also generated as a result of the nuclear 
processes and are characteristic of fission 
fragments and fast neutrons. 

Figure 2 indicates the sensitivity of 
engineering properties of materials to 
radiation. This figure illustrates the fact 
that there are many types of damaging 
effects due to nuclear radiation on 
various materials. The radiation levels 
indicated are only approximate and 
subject to change as better experiments 
are performed. The indicated engineer- 
ing property changes are in most cases 
at least 10 per cent. It should be pointed 
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out that the magnitude of the irradia- 
tion dose indicated on the scale is in 
units of neutrons per sq cm. This general 
unit for describing the intensity of 
dosages is called integrated flux and is 
the product of the neutron flux (or 
gamma) and the time of exposure. 

For instance, the Materials Testing 
Reactor has a fast neutron flux of about 
3 X 10 neutrons per sq cm per sec. 
This would mean that if ordinary glass 
were to be inserted in this reactor for 
approximately one third of a second it 
will undergo coloration. Natural rubber 
will start to lose elasticity when left in 
this reactor for roughly 30 sec. Metals 
begin to show some appreciable increase 
in yield strength when exposed for 
roughly 2 hr, whereas aluminum alloys 
and stainless steel begin to have their 
ductilities reduced, but not greatly im- 
paired, when exposed for approximately 
40 days. 


MECHANISM OF RADIATION DAMAGE 


Figure 3 illustrates the five principal 
mechanisms of radiation damage which 
are: 


1. Ionization.—A process which results in 
the formation of ions. This effect is caused 
mostly by fission fragments, beta particles, 
and gamma rays in the fields of reactors. 

2. Vacancies.—Sites in the crystal lattice 
of an ionic crystal from which the ions that 
should be present are missing. It is now 
reasonable to assume that the intermingling 
of atoms in the solid state depends on va- 
cancies and that at any given temperature 
there is an equilibrium number of vacancies 
present; the larger the number of vacancies, 
the more rapidly diffusion takes place. 

3. Interstitials—Atoms occupying an in- 
terstitial position, that is, squeezed between 
the regular lattice sites in a crystal. The be- 
havior of interstitials is more difficult to 
understand, but the pronouficed increase in 
yield strength that accompanies even mod- 
erate neutron irradiation of metal leads one 
to believe that interstitials may be playing 
an important role in the hardening reactions. 
. 4. Impurity Atoms.—Impurity atoms can 
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be understood in conventional terms. Usu- 
ally the number introduced due to neutron 
absorption is small, and the effect is small 
compared to other damage effects. In the 
matter of fission fragments, however, the 
impurity effect is of much larger magnitude. 

5. Thermal Spikes—The thermal spike 
presents the most controversial aspect of 
radiation damage. It results from that por- 
tion of the energy that is stored in the form 
of displaced atoms or trapped electrons and 
is dissipated as heat during the collision 
process. It has been generally supposed that 
this energy creates a momentary region of 
high temperature that in a good metal may 
involve thousands of atoms and result in an 
increase in temperature of 1000 Kelvin for 


probably less than 10" sec. 


EFFEcts ON COPPER 


Investigations into the effect of neu- 
tron irradiation on the mechanical 
properties of metals have up to now 
tended to fall into two vastly separate 
categories. The first of these are studies 
of the technically important material of 
nuclear reactor, for example, aluminum 
and magnesium alloys, steels, and re- 
cently developed metals such as zir- 
conium, titanium, and columbium. Such 
materials are often complicated in be- 
havior due to the complexity of their 
micro- and macrostructure and uncon- 
trolled features such as unavoidable 
impurities. The second category which 
has been investigated to the largest 
extent is the behavior of single crystals 
under irradiation. Very little work has 
been carried out on the intermediate 
field of the effect of irradiation on poly- 
crystalline metals of simple structure 
and well-known behavior. A few experi- 
ments have been performed by the 
British on the effects of neutron irradia- 
tion, and in particular the influence of 
testing temperature, on the mechanical 
properties of the face-centered cubic 
metal, copper. 

Wire specimens were used. The speci- 
mens were irradiated for six months at 
about 100 C in a flux of 6 XK 10” slow 
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Fic. 6.—Effect of Irradiation on Elongation 
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neutrons per sq cm per sec. The result- 
ing total integrated flux of slow neutrons 
_ was of the order of 10'* neutrons per 
sq cm. An equal number of control 
specimens was prepared and stored at 
_ the same temperature and for the same 
time as the irradiation specimens. In 
this way, effects due to thermal history 
were eliminated. Some of the results of 
these tests are illustrated in Figs. 4, 5, 
6, and 7. 

The effects of radiation in mechanical 


Fic. 4.—Stress-Strain Curves for Copper at Various Temperatures. 
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Fic. 7.—Effect of Gamma Irradiation on the 
Young’s Modulus of Copper. 


properties of annealed copper were in- 
vestigated over a wide temperature 
range in order to establish a general 
pattern of behavior. 

Figure 4 shows the stress-strain 
curves for nonirradiated and irradiated 
copper. The behavior of the nonir- 
radiated copper is in good agreement 
with published work on metal of similar 
purity. 

The stress-strain curves for the ir- 
radiated specimens indicate that the 
yield stress is raised at all testing tem- 
peratures and that the stress-strain 
curves are no longer bunched together 
during the early stages of deformation. 
The rate of work hardening at low ex- 
tensions is drastically reduced so that 
the curves at various temperatures are 
almost parallel. At large extensions, 
however, the curves still diverge with 
increasing strain. The elongation before 
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fracture is appreciably less than before 
irradiation. 

The effect of irradiation on yield 
stress is shown in greater detail in Fig. 
5. The yield stress of the nonirradiated 
specimen shows only a slight tempera- 
ture dependence. After irradiation, how- 
ever, the yield stress is strongly de- 
pendent on the testing temperature, 
being much less at the higher tempera- 
tures. In the temperature range shown, 
the yield stress of irradiated copper 
decreased. 

The effect of irradiation on the 
elongation before fracture is shown in 
Fig. 6. It is shown that the elongation 
before fracture is reduced by irradiation. 

It should be pointed out that the 
curves used to illustrate these radiation 
effects are only approximate and should 
be considered only to indicate trends for 
these effects. If it is desired to have 
exact data, reference should be made to 


the specific articles. = 
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Figure 7 indicates some of the other 
properties, such as the effect of gamma 
irradiation on the Young’s modulus of 
copper. This experiment was performed 
on single crystals of copper subjected to 
irradiation with cobalt gamma rays at 
room temperature. This irradiation 
causes an increase in the Young’s 
modulus and a decrease in the internal 
friction. Comparison with previous work 
shows that for each primary displaced 
lattice atom only gg as many pinning 
points results in the gamma ray bom- 
bardment as from bombardment with 


‘fast neutrons. These effects are quanti- 


tatively consistent with an interpreta- 
tion on the basis of the pinning of 
dislocation lines by lattice defects 
which migrate to the dislocation line 
from the point at which they are origi- 
nally produced through the Compton 
and photoelectron resulting from the 
incident gamma rays. 
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oa REPORT OF COMMITTEE B-6 
ON 


1 


DIE-CAST METALS AND ALLOYS* 


Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during 
the year: in Atlantic City, N.J., 
June 19, 1957, and in St. Louis, Mo., on 
February 12, 1958. 

The committee consists of 92 members, 
of whom 41 are classified as producers, 
21 as consumers and 30 as general inter- 
est members. 

The officers and members-at-large on 
the Advisory Committee elected for the 
ensuing term of two years are as follows: 

Chairman, W. Babington. 

Vice-Chairman, A. E. Weiss. 

Secretary, G. L. Werley. 

Advisory Committee, Members-at- 
Large: F. C. Bennett, D. L. Colwell, R. 
F. Cramer, E. N. Jacobi, J. W. Meier, 


and A. J. Prickett. aioith 
wil 
REVISION OF TENTATIVE =< 


The committee recommends revisions 
as follows of the Tentative Specification 
for Aluminum-Base Alloy Die Castings 
(B 85-57 T)! and continuation of the 
specification as tentative: 

Table II.—Change ratings in the 
column headed “Resistance to Corro- 


sion” to read as follows: 
Resistance to 
Alloy Corrosion 

3 
5 


Sixty-first Annual of the Society, 
June 22-27, 1958. 

11957 Supplement to Book of ASTM Stand- 
ards, Part 2. 


> 


A ppendix—Add a new Table III to 
the Appendix to read as shown in the 
accompanying Table I. 

Replace the second paragraph of the 
Appendix with the following: ‘“Table II 
shows the typical mechanical properties 
of test specimens cast in a test bar die 
and conforming to the chemical compo- 


sition specified.” ' 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption revision as follows of 
Standard Specifications for Magnesium- 
Base Alloy Die Castings (B 94-—57),! 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the Annual 
Meeting in order that the revision may 
be referred to letter ballot of the Society. 

New Table-—Add a new Table II as 
shown in the accompanying Table II to 
replace the present unnumbered table 
in Note 1 of the Explanatory Notes. — 

EDITORIAL CHANGE 

The committee recommends the fol- 
lowing editorial change in the Standard 
Specification for Lead- and Tin-Base 
Alloy Die Castings (B 102 - 52)? 

Table I.—In the first column remove 
the asterisk from alloy YC135A. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 

21955 Book of ASTM Standards, Part 2. 

3 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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REPORT OF COMMITTEE B-6 


TABLE I.—TYPICAL MECHANICAL PROPERTIES OF TEST SPECIMENS. 
(New Table III, Specification B 85 — 57 T) 


Fatigue Strength 
Tensile Yield Strength Elongation Shear (R. R. Moore 
Alloy Strength, (0.2 per cent in 2 in., Strength, Specimen), 
psi Offset), psi per cent psi 500,000,000 Cycles, 
psi 
33 000 14 000 9.0 19 000 17 000 
| ee rer ee 42 000 19 000 3.5 25 000 19 000 
43 000 21 000 2.5 25 000 19 000 
47 000 23 000 3.5 27 000 20 000 
46 000 23 000 2.5 28 000 20 000 
OR a 46 000 24 000 3.5 26 000 18 000 
44 000 25 000 2.5 28 000 20 000 
RR WES, Fr: 48 000 24 000 2.5 29 000 20 000 


_ @ The mechanical property data for alloy G8A are in the process of being accumulated. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base Die- 
Casting Alloys (E. V. Blackmun, chair- 
man) prepared the revisions in Specifica- 
tion B 85 —-57 T covered earlier in this 
report. 

The subcommittee is currently deter- 
mining new mechanical properties for 
aluminum alloy G8A and investigating 

“the advisability of recommending speci- 
fication changes to recognize the com- 
mercial usage of the high zinc version of 
the SC84 alloy. 

Subcommittee II on Zinc-Base Die-Cast- 
ing Alloys (A. E. Weiss, chairman) is 
preparing to study the mechanical prop- 
erties of zinc alloys cast in evacuated 
dies in comparison with the properties 
of regularly produced die-cast test bars. 

Subcommittee V on Exposure and Corro- 
sion Tests (D. H. Kleppinger, chairman) 
will recall zinc and magnesium alloy 

test bars from the exposure sites early 

next year after exposure for 20 yr. Volun- 
teers will be accepted to conduct the 
mechanical testing program. 

A progress report on exposure tests of 
aluminum alloys SG100A and G8A ap- 
pears as an Appendix to this report.‘ 

Subcommitiee VIII on Brass Die-Cast- 
ing Alloys (G. F. Hodgson, chairman) 


See p. 167. 


TABLE II.—TYPICAL PROPERTIES OF 
MAGNESIUM ALLOY DIE-CAST TEST 
SPECIMENS. 

(New Table II, Specification B 94 — 57) 


Alloys AZ91A 
and AZ91B 


Tensile strength, 1000 psi........ 32 to 36 
Tensile yield strength, 1000 psi... 22 to 24 
Compression yield strength, 1000 

Elongation in 2 in., per cent..... 2to 5 
Shear strength, 1000 psi’........ 20 
Fatigue strength, 1000 psi®....... 


Rockwell hardness, E scale...... 75 


* Unnotched. 

’Double shear tests converted to single 
shear value. 

X 108 cycles. 
reported that on the basis of recent data 
it seemed inadvisable to change the iron 
limit in alloy ZS331A from the present 
maximum of 0.15 per cent. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 92 members; 89 members .- 
returned their ballots, of whom 83 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. BaABINGTON, 


Chairman. 

GEorGE L. WERLEY, 

Secretary. diel! 
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EXPOSURE TESTS OF ALUMINUM ALLOYS SG100A AND G8A 


PROGRESS REPORT OF SUBCOMMITTEE V ON EXPOSURE AND CORROSION TESTS 


In 1943, Subcommittee I on Alumi- 
num-Base Die-Casting Alloys planned a 
study of an 8 per cent magnesium alloy 
of aluminum and a simultaneous investi- 
gation of a 9 to 10 per cent silicon, 0.5 
per cent magnesium alloy of aluminum. 
Aging tests of the latter were planned 
because of the ‘unknown aging effects of 
the magnesium content.’”! The 8 per 
cent magnesium alloy, now known as 
G8A, was added to ASTM Specifications 
B 85 in 1948 and the 9.5 per cent 
silicon, 0.5 per cent magnesium alloy, 
now known as SG100A, first appeared 
in 1946. Test bars were made by two 
producers, namely, Precision Castings 
Co. and Aluminum Co. of America, and 
exposed at two outdoor locations. One 
of these was on the seacoast (Sandy 
Hook, N. J.) and the other in an indus- 
trial atmosphere (New York, N. Y., on 
the roof of the Bell Laboratories Build- 
ing). The reports of Committee B-6 for 
1945, 1946, 1948, and 1953* report all 
progress up to the five years’ atmospheric 
exposure. Many of the bars were lost 


1 Report of Committee B-6 on Die-Cast 
Metals and Alloys, Proceedings, Am. Soc. Test- 
ing Mats., Vol. 43, p. 173 (1943). 

2 Report of Committee B-6 on Die-Cast 
Metals and Alloys, Proceedings, Am. Soc. Testing 
Mats., Vol. 48, p. 191 (1948). 

31946 Book of ASTM Standards, Part 1B, 
p. 670. 

4 Report of Committee B-6 on Die-Cast 
Metals and Alloys, Proceedings, Am. Soc. Test- 
ing Mats., Vol. 53, p. 207 (1953). 


before the completion of ten years, but a 
report on the 10-yr exposure was made 
to Subcommittee V on February 2, 1955. 
A summary of the exposure test results 
and also the initial accelerated aging 
test results is presented below. For the 
sake of continuity, comparison is also 
made, where applicable, with some of 
the work of the special Task Group on 
Properties which Subcommittee I has 
organized. 


ALLoy SG100A 


It was decided to test two grades of 
alloy SG100A, one a commercial purity 
grade in accordance with ASTM Speci- 
fications B 85, and the other, a higher 
purity grade. As the 1948 report says, 
“Since the 9.5 per cent silicon, 0.5 per 
cent magnesium alloy was primarily 
intended as an alternate for the 12 per 
cent silicon alloy when cold chamber 
machines are to be used, test bars were 
produced only in cold chamber ma- 
chines.” Analyses of the two grades of 
SG100A and also of the SG100A which 
was tested by the Subcommittee I 
Task Group on Properties are given in 
Table I. These values are the averages 
of those from two laboratories, the 
variation between the two being less than 
experimental deviation. 

Because of the concern held in 1943 
that a magnesium silicide type of alloy 
might age harden considerably, shelf 
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REPORT OF ComMitrEE B-6 (ApPENDIX) 


TABLE I.—AVERAGE CHEMICAL COMPOSITION OF SG100A TEST 
BARS FROM TWO PRODUCERS? 


(Cast in Cold Chamber Machine) 


Chemical Composition, per cent 
Silicon | Iron | Copper | Zine Nickel | Tin 
- $G100A! commercial purity...... 9.72 | 1.11 | 0.20 | 0.54 0.01 | 0.06 0.01 | 0.02 
SG100A! high purity............. 9.61 | 0.30 | 0.04 | 0.54 | <0.01 nil <0.01 | 0.01 
SG100A* 0.8 and 0.5 per cent iro iron).| 9.38 | 1.00 | 0.49 0.52 | 0.25 | 0.42 0.05 — 


TABLE II.—EFFECT OF INDOOR AGING AT ROOM TEMPERATURE: AVERAGE 
MECHANICAL PROPERTIES OF SG100A ¢ (OMMERC IAL AND HIGH PURITY GRADES? 


Commercial Purity High Purity 
Tensile Yield Elongation | Charpy | Tensile Yield Elongation | Charpy 
» Strength, | Strength,| in2in., | Impact, | Strength, | Strength,| in 2in., | Impact, 
oT psi psi per cent ft-lb psi psi per cent ft-lb 
43 700 | 25 800 3.7 2.7 43 800 | 24 300 5.5 4.2 
Aged 3 months..... .| 42 900 | 26 100 4.0 2.8 43 100 | 24 700 4.9 4.4 
Aged 6 months......| 46 200 | 27 400 3.3 2.7 43 500 | 24 500 5.2 4.4 
Aged 12 months... .| 46 200 | 27 400 3.0 2.6 43 400 | 24 800 4.3 4.3 
Aged 24 months 45 900 | 27 300 2.8 2.7 44 400 | 25 200 4.3 4.0 
Aged 29 months... | 43 800 | 28 400 2.7 na 45 700 | 26 000 6.0 na 
Aged 33 months... 44 700 | 28 300 2.9 na 45 400 | 25 800 4.9 na 
Aged 42 months. . 45 700 | 27 900| 3.3 na | 44 500 | 25 800| 4.7 na 


TABLE III.—OUTDOOR ATMOSPHERIC EXPOSURE, AVERAGE OF NEW YORK AND 
SANDY HOOK LOCATIONS. 


Commercial Purity High Purity 


| 

Tensile Yield Elongation | Tensile Vield Elongation 

Strength, | Strength, | in 2in., | Strength, Strength, | in 2 in., 

| psi psi per cent psi psi per cent 
43 700 | 25 800 3.7 | 43 800 | 24 300 5.5 
| 40 600 | 26 900 2.2 42 600 | 25 200 4.2 
ee 41 600 | 26 800 3.2 42 300 | 25 000 3.8 
41 500 | 27 600 2.3 | 41 400 | 25 000 3.2 
Exposed 10 | 39 600 | 27 600| 1.6 | 41 400 | 25 400 | 3.5 
specif 46 000 | 24 000 3.5 


TABLE IV. —20° PE R CENT SALT SPRAY EXPOSURE AVE RAGE? 


oth | Tensile Yield Elongation Tensile Yield Elongation 

Strength, Strength, in 2 in., Strength, Strength, in 2 in. 
| psi psi per cent psi psi per cent 

43 700 25 800 3.7 43 800 24 300 5.5 
Exposed 12 weeks. 39 500 26 100 2.4 38 300 | 26 200 2.0 
Exposed 26 weeks......... 7 900) | na 1.4 | 40 200 | na 2.4 
Exposed 52 weeks.......... | 35 300 | 25 500 1.6 | 39 000 25 400 2.7 


* Minutes of Subcommittee I on Aluminum-Base Die-Casting Alloys, June 19, 1957. 
® Minutes of Subcommittee V on Exposure and Corrosion Tests, Feb. 2, 1955. 
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aging tests were conducted and the 


average results of this test are presented 
in Table II. The summary of the 10-yr 
atmospheric exposure tests is presented 
in Table III. Table III also includes the 
proposed properties for SG100A voted 
upon in 1957. 

In addition to this, the tensile 
strengths and elongations following out- 
door exposure are plotted in Fig. 1. 
Most of the figures are the values for 
two producers, tested by two labora- 
tories, and the results averaged; in a 
few cases, only one laboratory partici- 
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Length of Exposure, yr 


Fic. 1.—Effect of 10-yr Exposure of Alloy 
SG100A to Atmosphere. 


pated. At the right of Fig. 1 are shown 
the tensile strength and _ elongation 
specification values proposed for speci- 
fication in 1957. 

A susceptibility of SG100A to age 
hardening is not shown in the 10-yr 
tensile strength curves of Fig. 1, but 
there is a considerable loss of elongation 
shown in both the commercial and high- 
purity grades over the 10-yr period. 
Part of this deterioration may have been 
due to corrosion effects. The 42-month 
indoor aging values of Table II were 
reasonably constant in. both grades. 
The elongations of the high-purity grade 
were consistently higher than those of 
the commercial grade, and the yield 
strengths slightly lower. The tensile 


On Exposure Tests oF ALUMINUM BARS 


strength of 46,000 psi ‘proposed seems 
high for either grade and the elongation 
of 3.5 per cent high for the commercial 
grade. 

An accelerated corrosion test in 20 
per cent salt spray was also conducted 
on alloy SG100A.? The summary of this 
test, averaging the values from two 
producers and two laborator es, is pre- 
sented in Table IV, and the values are 
plotted in Fig. 2. Both tensile strengths 
and elongations fall somewhat faster 
than in atmospheric exposure because of 
the severe corrosion conditions, and 


Length of Exposure, weeks 


Fic. 2.—Effect of 1-yr Exposure of Alloy 
SG100A to 20 per cent Salt Spray. 


again both grades of the alloy show 
similar effects of age hardening and 
corrosion. The higher elongations of the 
high-purity grade are evident and the 
loss in tensile strength of the commercial 
grade is slightly higher than that of the 
high-purity grade. 


G8A 


Similar tests were made on alloy G8A 
cast in both the gooseneck machine and _ 
the cold chamber machine by two pro- 
ducers. The compositions of these aver- 
age test bars are given in Table V, and 
comparison is made with the average 
composition of bars of three iron con- 
tents, namely, 0.8 per cent, 1.2 per cent 
and 1.6 per cent, all cast in a cold cham- 
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170 Report oF Committee B-6 (APPENDIX) 


TABLE V.—AVERAGE COMPOSITION OF G8A TEST BARS. 


Mag- Man- 
Silicon, Tron, Co Zinc, 
per cent | per cent per cent 
Cast in gooseneck machine!............ 0.21 1.06 0.04 7.86 0.03 0.05 
Cast in cold chamber machine!......... 0.26 0.68 0.04 7.59 0.02 0.06 
Average task group tests’? (omitting 2 
"5 ese 0.33 1.22 0.22 8.10 0.22 0.11 


TABLE VI.—EFFECT OF ATMOSPHERIC EXPOSURE ON THE MECHANICAL 
PROPERTIES OF G8A TEST BARS. 


Cast in Gooseneck Machine Casti n Cold Chamber Machine 
Tensile Yield Elongation Tensile Yield Elongation 
Strength, Strength, in 2 in., Strength, Strength, in 2 in., 
. psi psi per cent psi psi per nt 
37 000 24 600 4.5 41 200 25 100 7.4 
(Producer B only)!......... (40 000) (25 500) (5.2) (44 600) (27 200) (9.3) 
Exposed 1 yr New York'....| 38 400 25 800 4.2 42 900 26 200 7.5 
Exposed 2 yr New York!....| 37 800 25 600 3.8 41 800 26 800 6.8 
Exposed 5 yr New York‘*....| 38 400 26 800 3.8 41 500 26 200 5.2 
_ Exposed 10 yr New York®...| 38 400 25 400 3.8 42 000 26 200 5.8 
: Exposed 1 yr Sandy Hook?..| 39 400 26 000 3.8 44 200 26 800 5.8 
Exposed 2 yr Sandy Hook’. . bars lost bars lost 
: Exposed 5 yr Sandy Hook‘. 41 100 24 500 §.1 43 000 24 800 6.4 
Exposed 10 yr Sandy Hook®. _— bars lost —_ _ bars lost _ 
" Average task group tests’...|)  — _ ~ 45 200 | 28 400 5.3 


TABLE VII.—EFFECT OF EXPOSURE TO 20 PER CENT SALT SPRAY ON 
MECHANICAL PROPERTIES OF G8A TEST BARS? 


Cast in Gooseneck Machine Cast in Cold Chamber Machine 
Exposure Tensile Yield Elongation Tensile Yield Elongation 

Strength, Strength, in 2 in., Strength, Strength, in 2 in., 

psi psi per cent psi psi per cent 
37 000 24 600 4.5 41 200 25 100 7.4 
ce OT eee 39 100 25 900 3.0 41 400 26 300 5.4 
ca 38 200 25 600 3.7 41 400 26 100 5.9 
38 700 25 500 4.0 42 000 26 000 6.0 


ber machine by three producers for the 
Task Group on Properties of Subcom- 
mittee I. These compositions are the 
averages of the analyses from two pro- 
ducers for each type machine and of the 
_ three compositions (except the 2 per cent 


per cent iron series of the latter was 


7 Letter reporting ingot analyses to task 
_ group, March 15, 1957. 


omitted for more accurate comparison, 
and the three compositions of the task 
group test were almost identical except 
for the iron. While all compositions 
shown in Table V are within the limits 
of ASTM Specifications B 85, it will be 
noted that the task group test bars were 
noticeably higher in silicon, iron, copper, 
and magnesium. 

In view of the tendency of magnesium 
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On Exposure TESTS 


to oxidize, it was considered advisable 
to hold the magnesium alloy at casting 
temperature for 8 hr and to test sample 
test bars each hour. This was done by 
both producers in both types of machines 
and tested by two laboratories; the re- 
sulting values are given in the 1948 re- 
port of Committee B-6.? No significant 
change could be noted over the 8-hr pe- 
riod, and the bars made by the cold 
chamber process were considerably 
stronger in both tensile strength and 
elongation than those made in the goose- 
neck machine. In this alloy, the bars 
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Fic. 3.—Efiect of 10-yr Exposure of Alloy 
G8A to Atmosphere. 


made by producer B had significantly 
higher values in tensile strength, yield 
strength, elongation, and Charpy impact 
strength than did those made by pro- 
ducer A. The results of the room tem- 
perature aging tests gave a similar trend, 
with perhaps an increase in the tensile 
and yield properties during the first 26 
months, with constant properties there- 
after. Further details are given in the 
1948 report. 

Both types of bars were exposed out 
of doors at the same two locations, 
namely, New York City and Sandy 
Hook, N. J., for 10 yr: The average 
values of this test from both producers 
are given in Table VI, but here the 


New York values and the Sandy Hook 
+ 
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values are given separately because the 
bars for the 2-yr and 10-yr tests at Sandy 
Hook were lost. These tensile strengths 
and elongations are plotted in Fig. 3, 
averaging the values for the two loca- 
tions at the start, 1-yr and 5-yr points, 
and using only the New York values at 
the 2-yr and 10-yr points because of the 
lost bars at Sandy Hook. In spite of this 
inconsistency, the curves of Fig. 3 are 
smooth and agree with the general shape 
of the salt spray corrosion curves of 
Fig. 4. There was no significant change 
in tensile strength; cold chamber values 
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Fic. 4.—Effect of 1-yr Exposure of Alloy G8A 
to 20 per cent Salt Spray. 


were higher than gooseneck; and there 
was a slight falloff in elongation, partic- 
ularly in the higher cold chamber values. 
The tensile strength and elongation 
values of the work of Task Group on 
Properties are also shown in Table VI 
and at the right of Fig. 3 for comparison. 
Because the initial values of producer B 
were noticeably higher than those of pro- 
ducer A these initial values are shown 
in Table VI in parentheses, but the trends 
were the same for both producers. In 
these outdoor exposure tests alloy G8A 
was practically immune to deterioration. 

An accelerated corrosion test was also 
conducted on alloy G8A on bars from 
both gooseneck and cold chamber ma- 
chines.” The summary of this test is 
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presented in Table VII, again averaging 
the values from two producers and two 
laboratories. The plot is shown in Fig. 4. 
This severe test again proved the superior 
corrosion resistance of alloy G8A as the 
tensile strengths of bars from both 
machines remained constant, although 
the cold chamber bars were slightly 
stronger. The effects of corrosion on 
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for alloy SG100A and the task group 
results of alloy G8A for only the 1.2 per 
cent iron content. The latter are the 
averages from three producers and the 
former are averages of two producers 
who participated in both tests. 

In all tables, the tensile strengths and 
yield strengths are indicated in psi and 
the elongations in per cent in 2 in., all 


TABLE VIII—COMPARISON OF PROPERTIES. 


Tensile Yield Elongation 
Strength, Strength, in 2in, Report 
psi psi per cent 

‘$G100A—Commercial (24 months)................ 45 900 27 300 2.8 1948? 
SG100A—High purity (24 months)................ 44 400 25 200 4.3 1948? 
$G100A—1.2 per cent iron, Subcommittee I........ 47 600 25 700 3.3 19575 
SG100A—For specification....................... 46 000 24 000 3.5 1957° 
G8A—Cold chamber (26 months)................. 44 400 26 600 7.0 19482 
G8A—Gooseneck (26 months).................... 38 800 26 000 3.6 1948? 
G8A—1.2 per cent iron, Subcommittee I... .. 45 700 29 000 5.0 19575 


elongation agreed with the effects of the 


_ 10-yr exposure; both types of bars lost 


4 


very little elongation, and the cold 


* chamber bars were at a higher level. 


COMPARISON OF ALLOYS 


The indoor shelf aging properties of 
alloys showed no appreciable 
changes in properties in either alloy in 


_ either condition.? The tensile strengths, 


yield strengths, and elongations for both 
types of alloy SG100A and for both 
_ machines of alloy G8A for 24 months for 
- the former and 26 months for the latter 
are tabulated in Table VIII, together 
with the proposed specification values 


obtained on the standard ASTM } in 
round bar. Where impact values are 
shown, they were obtained upon the 
Charpy machine, on the standard ASTM 
} in. square bar and are indicated in 
ft-lb. The curves of Figs. 1 through 4 are 
intended to present qualitative compari- 
sons; because all four are on the same 
scale, comparisons between figures can 
be made qualitatively. 


Respectfully submitted by the Task 
Group, 
D. L. CoLwe Chairman. 
E. V. BLackmun and 


H. Kieppincer. 
» Day 
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Committee B-7 on Light Metals and 
Alloys held two meetings during the 
year: at Atlantic City, N. J., in June 
1957, and at St. Louis, Mo., in February 
1958. 

The committee consists of 88 mem- 
bers, of whom 85 are voting members; 
37 are classified as producers, 32 as con- 
sumers, and 19 as general interest mem- 
bers. 

Mr. Keller resigned as chairman of 
Subcommittee VI and was replaced by 
R. F. Hafer. H. R. Youngkrantz passed 
away and W. E. Day, Jr. and E. H. 
Holzworth resigned from the committee 
because of retirement. 

Two new subcommittees were organ- 
ized: Subcommittee IX, Editorial, R. A. 
Harris, chairman; and Special Subcom- 
mittee on Light Metals for Nuclear 
Applications, W. G. Groth, chairman. 

The Advisory Committee functioned 
as the advisory group to the American 
Standards Assn. which represents the 
United States as a participating member 
of Technical Committee 79 on Light 
Metals and Their Alloys of the Inter- 
national Organization for Standardiza- 
tion (ISO). 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, I. V. Williams. 

Vice-Chairman, D. L. Colwell. — 

Vice-Chairman, C. B. Gleason. 

Secretary, R. B. Smith. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, the committee presented to the 
Society through the Administrative 
Committee on Standards a revision of 
Tentative Specification for Aluminum- 
Alloy Round Welded Tubes (B 313 - 
56 T). The revision was accepted by the 
Administrative Committee on Standards 
on November 1, 1957, and it appears in 
the 1957 Supplement to Book of ASTM 
Standards, Part 2. 


RECOMMENDATIONS AFFECTING _ 
STANDARDS 


The committee recommends one new 
specification for publication as tentative, 
revisions in 17 tentative specifications, 
adoption of 6 tentatives as standard with 
revision, adoption of one tentative as 
standard without revision, revision of 2 
standards for immediate adoption, and 
reapproval of 3 standards. The standards 
and tentatives affected, together with 
the revisions recommended, are covered 
in detail in Appendix I of this report.! 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


1 See p. 177. 

2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Aluminum and 


: Aluminum Alloy Ingots (R. A. Quadt, 
7 chairman) recommended the new Tenta- 
: tive Specification for Aluminum-Alloy 

‘ 


Hardeners for Making Zinc-Base Die- 
Casting Alloys; and revisions in the 
Standard Specification for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent 
Mold Castings (B 179-57) including 
the deletion of alloy SC54A-B and the 


addition of alloy GM70B, addition of 
- new sections on basis of purchase and 
marking for identification, and an ap- 
pendix to the specification showing the 


color codes referred to in the new section. 
All changes are set forth in Appendix I 
of this report. 
Subcommittee II on Aluminum Alloy 
_ Castings (D. L. Colwell, chairman) pre- 
; pared the revision of the Tentative 
Specification for Aluminum-Base Alloy 
Sand Castings (B 26—57 T) and Tenta- 
tive Specification for Aluminum-Base 
Permanent Mold Castings (B 108-57 
T) as set forth in the Appendix to this 
report. These changes add an alloy, 
_ GM70B, to both specifications; replace 
7 alloys SC64B and C in Tables I, IT, and 
IV with SC64D in Specification B 26; 
and replace alloys SC64A, B, and C in 
Tables I, II, and IV with Alloy SC64D 
_ in Specification B 108. 
Subcommittee III on Wrought Alu- 
7 minum and Wrought Aluminum Alloys 
_ (H. D. Monsch, chairman) revised Ten- 
tative Specifications B 209, B 210, B 211, 
- B 221, B 234, B 235, B 236, B 241, B 247, 
 B 307, B 308, B 313, B 316, B 317, and 
B 318, as set forth in the Appendix to 
this report, to add a column giving the 
AA alloy designation corresponding to 
the ASTM alloy designation in tabular 
_ data and a footnote reference to ASA 
_ Standard H35.1—1957 which covers the 
a AA alloy designation system, with the 


exception of B 236. 
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In addition, changes are recommended 
in Specification B 209 to revise chem- 
ical requirements for alloys GM40A, 
GM41A, and GM51A; also to add chemi- 
cal and tensile requirements for alloys 
GM31A, GR20B, and GR40B. 

Changes in Specifications B 210, 
B 234, B 235, and B 241 were made to 
clarify the heading of the column for 
elongation in Table II by adding a 
footnote; also in B 234 and B 307 to 
clarify the flattening test in Section 13. 

Changes in Specifications B 210, 
B 211, B 221, and B 235 to add chemical 
and tensile requirements for alloys 
GR20B and GR40B in each case where 
requirements for alloy GR20A and 
GR40A appear in the 1957 revision of 
these specifications. Chemical and tensile 
requirements have also been added for 
alloy clad GMS50A wire to Specification 
B 211, and for alloy GM31A to Specifi- 
cations B 221, B 235, B 241, and B 308. 

Changes in Specifications B 235 and 
B 241 are recommended to add chemical 
requirements and tensile requirements 
for alloy GMS1A. 

Changes in Specification B 247 are 
recommended to revise the temper desig- 
nations for alloys 990A and M1A in 
Table II. 

Changes are recommended in Speci- 
fications B 221 and B 308 to add chemical 
requirements and tensile requirements 
for alloys GM40A and GM41A; also in 
B 308 to add tensile requirements for 
GS11C-T62. 

Editorial changes are recommended in 
Section 6 of Specification B 236 and in 
Tables IV and VII of Specification 
B 317; also Section 9(c) of B 236 to per- 
mit use of the eddy current method for 
determination of conductivity. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(A. A. Moore, chairman) revised Speci- 
fications B 80 - 57 T, B 91 - 57 T, B 93 - 


i} 
‘ 
B 199 


B 217 —- 57 T as set forth in the Appen- 
dix of this report. All of the above 
specifications and Specification B 90- 
57 T are recommended for adoption as 
standards. 

Specifications B 80 - 57 T and B 199 - 
57 T were revised to include minimum 
yield strength requirements on all alloys 
and conditions. In Specifications B 91 - 
57 T, B 107 — 57 T, and B 217 — 57 T the 
silicon was lowered from 0.30 per cent 
max to 0.10 per cent max on alloys 
where it is shown. The calcium in alloy 
AZ31B was specified as 0.04 per cent 
max in Specifications B 91 - 57 T, B 107 
- 57 T, and B 217 - 57 T. 

Subcommittee V on Testing Light Met- 
als (J. C. Millson, chairman) proposed 
revisions to Specifications B 234-57 T 
and B 307 —-57 T to correct controlling 
dimension in tube flattening test to the 
maximum, not the minimum, and to 
Specifications B210-57T, B234- 
57 T, B 235 - 57 T, and B 241 - 57 T to 
add a Note to Table II to clarify the 
gage length for determining per cent 
elongation. 

The subcommittee is holding open the 
question of the establishment of lot sizes 
for statistically based sampling plans for 
tensile requirements of pertinent specifi- 
cations, pending advice from Committee 
E - 11 on Quality Control of Material. 

A task group is working to establish 
suitable testing speeds for short-time 
elevated-temperature tension tests, and 
is also cooperating with the Test Meth- 
ods Panel of the Joint ASME-ASTM 
Committee on the Effect of Temperature 
on the Properties of Metals. 

A task group is also dealing with the 
problem of the satisfactory minimum 
size of subsize tension test bars, including 
rounds and flats, both cast and wrought. 

Consideration is being, given to ex- 
pressing stress values in terms of thou- 
sands of pounds per square inch. 
Subcommittee VI on Anodic Oxidation 
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of Aluminum and Magnesium Alloys (R. 
F. Hafer, chairman) recommends that 
Standard Methods of Test for Dielectric 
Strength of Anodically Coated Alu- 
minum (B 110-45), Sealing of Anod- 
ically Coated Aluminum (B 136 - 45),and 
Weight of Coating on Anodically Coated 
Aluminum (B 137-45) be reapproved 
since they do not require revision. 

A proposed Tentative Specification for 
Anodic Coatings on Aluminum and 
Aluminum Alloys has been completed 
with the exception of an appendix. 

Subcommittee VII on Codification of 
Light Metals and Alloys, Cast and 
Wrought (C. B. Gleason, chairman) re- 
vised Recommended Practice for Codi- 
fication of Light Metals and Alloys, Cast 
and Wrought (B 275-55) to provide a 
symbol for lithium, preliminary assign- 
ment of designations, and designations 
for granular metal products as set forth 
in the Appendix to this report. 

Subcommittee VIII on Atmospheric 
Exposure Tests (L. H. Adam, chairman) 
has test specimens of aluminum and 
magnesium alloys exposed for over five 
years at five ASTM atmospheric expo- 
sure test sites. Data obtained from cast 
specimens exposed for three years are 
appended to this report.’ 

Subcommittee IX on Editorial (R. A. 
Harris, chairman) was organized with 
membership appointed from each of the 
other subcommittees of Committee 
B-7. The subcommittee approved the 
adoption of Proposed Recommendations 
on Form of ASTM Specifications, April 
1957, as a guide, insofar as practical, for 
the editorial practices applying to Com- 
mittee B-7 specifications. A task group 
has been appointed to prepare additional 
supplementary recommendations for edi- 
torial practices applying particularly to 
Committee B-7 specifications. 

Special Subcommittee on Light Metals 
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for Nuclear Applications (W. G. Groth, 

chairman) has been organized to guide 
the other subcommittees in writing 
specifications for light metals for nuclear 
applications. A paper on “Applications 
of Aluminum and Magnesium in the 
Nuclear Industries” by the subcom- 
mittee chairman is appended to this 
report.‘ 


This report has been submitted to 
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letter ballot of the committee, which 
consists of 88 members; 593 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
I. V. 
a 
R. B. SMirH, 


WILLIAMS, 


Chairman. 
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APPENDIX I 


PROPOSED RECOMMENDATIONS AFFECTING STANDARDS FOR 
LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 
mendations affecting certain standards 
and tentatives covering light metals and 
alloys which are referred to earlier in 
this report. The standards and tentatives 
appear in their present form in the 1955 
Book of ASTM Standards, Part 2, or in 
the 1956 and 1957 Supplements to Book 
of ASTM Standards, Part 2. 

All of the specifications covering 
wrought aluminum an. aluminum alloys 
are having their tables revised to include 
the AA alloy designations along with 
the ASTM designations. Table I lists 
the corresponding alloys. In each of the 
revisions for the wrought product speci- 
fications the appropriate AA designation 


for Aluminum Alloy Hardeners Used in 
Making Zinc-Base Die Casting Alloys as 
appended hereto.' 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specification for Aluminum- 
Base Alloy Sand Castings (B 26- 
57 T): 

Table I—Add to the table alloy 
GM70B, with the chemical composition 
shown below. Delete alloys SC64B and 
SC64C and replace with SC64D, with 
the chemical requirements as shown: 


| | 
Man- | Mag Ch ements 
Aluminum |Copper| Iron | Silicon Zinc Titanium Nickel 

Each |Total 

GM70B...| remainder | 0.10 | 0.25/ | 0.20/ | 0.10 to) 6.2 to; ... 0.10 to) ... |0.05)0.15 

0.25 7.5 0.25 
SC64D....| remainder | 3.5 to} 1.0 |5.5to| 0.50 | 0.10 | 1.0) ... 0.25 | 0.35) .../0.50 
4.5 7.0 


/ Iron plus silicon not to exceed 0.40. 


will be listed along with the presently 
listed ASTM designation. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Specification 
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Table II.—Add to the table alloy 
GM70B, with the tensile requirements 
shown below. Delete alloys SC64B and 
SC64C and replace with SC64D, with 
the tensile requirements as shown: 


! The new tentative appears in the 1958 Book 
of ASTM Standards, Part 2. 
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Yield 
= Strength Tensile Elonga- 
set), min, | ™» PS" | per cent 
psi 
GM70B 18 000 | 35 000 9.0 
=. 13 000 | 23 000 1.5 
8C64D { T6...| 20 000 | 32 000| 2.5 


ni fase 


*PABLE IL—AA AND ASTM 


ALLOY DESIGNATIONS. 


ASTM Designation 


| AA Designation® 


Clad MIA. 


2024 

Alclad 2024 
2011 
2017 
2018 
2218 
2014 

Alclad 2014 
2025 


5050 
5005 
5454 
5086 


5083 
5056 
Alclad 5056 


Alclad 3003 
3004 


Alclad 3004 
6151 
6066 
4032 
7075 
Alclad 7075 


* These alloy designations are established in 


accordance with ASA Standard H35.1—1957. 
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Table IV.—Add to the table alloy 
GM70B, with the properties and char- 
acteristics shown in the accompanying 
Table II. Delete alloys SC64B and 
SC64C and replace with SC64D, with 
the properties and characteristics shown 

TABLE II.— ADDITIONS TO TABLE Iv, 
SPECIFICATION B 26 - 57 T. 


GM70B | SC64D 
Pattern shrinkage............ 540 2 
Melting range................ 1020 to/950 to 
1165 1125 

Resistance to hot cracking... .. 3 2 
Pressure tightness............ 5 2 
Solidification shrinkage tend- 

Normally heat-treated......... no yes 
Resistance to corrosion........ 1 3 
1 3 
5 2 
Anodizing (appearance). . : 1 4 
Chemical oxide coating (pro- 

Strength at elevated tempera- 

Suitability for welding........ 4 2 
Suitability for brazing........ no no 


Tentative Specification for Aluminum- 
Base Alloy Permanent Mold Castings 
(B 108 — 57 T): 


Table I.—Add to the table alloy 
GM70B, with the chemical composition 
as indicated above for Specification 
B26-57T. Delete alloys SC64A, 
SC64B, and SC64C and replace with 
SC64D, with the chemical requirements 
as indicated above for Specification 
B 26-57 T. 

Table II—Add to the table alloy 
GM70B, with the tensile requirements 
shown below. Delete alloys SC64A, 
SC64B, and SC64C, and replace with 
SC64D, with the tensile requirements 
as shown: 


{| 
| 
1100 
. Clad GMSOA............... 
7 
5254 
6063 
6061 
Alclad 6061 
6053 
6062 
| 
|_| 
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Condi- Tensile | tion 2 
psi 
GM70B.... 18 000 | 35 000 | 8.0 


TABLE III.—ADDITIONS TO TABLE IV, 
SPECIFICATION B 108 - 57 T. 


GM70B | SC64D 
1020 to,950 to 
1165 1125 
Resistance to hot cracking..... 4 2 
Pressure tightness............ 5 2 
Solidification shrinkage tend- 

Normally heat treated........ no yes 
Resistance to corrosion........ 1 3 
1 3 
5 2 
Anodizing (appearance)....... 1 4 
Chemical oxide coating (pro- 

Strength at elevated tempera- 

Suitability for welding........ 4 2 
Suitability for brazing......... no no 
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Table IV—Add to the table alloy 
GM70B, with the properties and char- 
acteristics shown in the accompanying 
Table III. Delete alloys SC64A, SC64B, 
and SC64C and replace with SC64D, 
with the properties and characteristics 
shown in Table IIT. 


Tentative Specification for Aluminum 
Alloy Sheet and Plate (B 209 -57T): 


Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as 
shown in Table I; also add a new Foot- 
note b referenced to the column heading 
“AA Designation,” renumbering subse- 
quent footnotes accordingly, to read: 
“b> These AA alloy designations of the 
Aluminum Association were established 
in accordance with the American Stand- 
ard Alloy Designation System for 
Wrought Aluminum (ASA No. H35.1— 
1957).” 

Revise the chemical requirements for 
alloys GM40A, GM41A, and GMS51A, 
and add chemical requirements for al- 
loys GM31A, GR20B, and GR40B; also 
add the AA alloy designation correspond- 


TABLE IV.—ADDITIONS TO TABLE I, SPECIFICATION B 209 - 57 T. 


~| 9 ~| $e BY | Elements, 
Aluminum, & 381 38 Es per cent 
AA per cent gS] gs) ge & 2°] 39 
Designation | Desig, ¢| 28) | | BE 
nation’ 8 EF = Each |Total 
GMS31A....| 5454...| remainder 0.10) 10.50) 2.4 0.05 to 0.20 0.05)0.15 
| to | 3.0 0.20 
1.0 | 
GM40A....| 5086...| remainder 0.100.500.40/0.20) 3.5 to|0.25| 0.05 to/0.15 0.05/0.15 
to | 4.5 0.25 
0.7 
GM4I1A....| 5083. remainder |0.100.400.40,0.30) 4.0 to\0.25) 0.05 to|0.15 0.05/0.15 
to | 4.9 0.25 
1.0 
GM5BlIA....| 5456...| remainder |0.20) 9 10.50) 4.7 to.0.25, 0.05 
to | 5.5 0.20 
GR20B....| 5652...) remainder |0.04) / 0.01| 2.2 0.15 to 0.05)0.15 
2.8 0.35 
GR40B....| 5254...) remainder |0.05 / 0.01) 3.1 0.15 to/0.05 0.05,0.15 
| 3.9 | | 0.35 | | 
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TABLE V.—ADDITIONS TO TABLE II, SPECIFICATION B 209 - 57 T. 


Tensile Strength, psi Yield Strength, psi Elonga- |_ Bend 
Temper Thicknes, in 
Min Max Min Max | per cent N 
ASTM Atitoy GM31A or AA ALLoy 5454 
0.020 to 0.031....} 31 000 41 000 12 000% 12 
O 0.032 to 0.050....| 31 000 41 000 12 000* 14 
0.051 to 0.113....) 31 000 41 000 12 16 
. 0.114 to 3.000....| 31 000 41 000 12 000" 18 
oe 0.020 to 0.050....| 36.000 | 44.000 | 26 000% 5 
eS 0.051 to 0.249....| 36 000 44 000 26 000" 8 
0.250 to 2.000....) 36 000 44 000 26 000" 12 
0.020 to 0.050... 39 000 47 000 29 000* 4 
H34 0.051 to 0.161... 39 000 47 000 29 000" 6 
— 0.162 to 0.249.. 39 000 47 000 29 000" 7 
0.250 to 1.000. . 39 000 47 000 29 000* 10 
, 0.250 to 0.499.. 32 000 18 000" 8 
0.500 to 2.000... 31 000 12 000* ll 
2.001 to 3.000.. 31 000 12 000° 15 
ASTM Atioy GR20B or AA ALLoy 5652 
0.006 to 0.007....| 25 000 31 000 this Wh 
0.008 to 0.019....| 25 000 31 000 hiss 15 
0.020 to 0.031....| 25 000 31 000 18 
0.032 to 0.050....| 25 000 31 000 ae 20 
0.051 to 0.249....| 25 000 31 000 9 500* 20 
0.250 to 3.000....| 25 000 31 000 9 500" 18 
(| 0.017 to 0.019....| 31 000 38 000 pie 4 
0.020 to 0.050....| 31 000 38 000 tits 5 
H32 }| 0.051 to 0.113.... 31 000 38 000 23 000% 7 
eee 0.114 to 0.249....| 31 000 38 000 23 000* 9 
0.250 to 0.500....| 31 000 38 000 23 000" ll 
0.501 to 2.000....| 31 000 38 000 23 000* 12 
0.009 to 0.019....| 34 000 41 000 bate 3 
0.020 to 0.050....| 34 000 41 000 ceil 4 
Sh ascees 0.051 to 0.113....| 34 000 41 000 26 000* 6 
0.114 to 0.249....| 34 000 41 000 26 000" 7 
0.250 to 1.000.. 34 000 41 000 26 000* 10 
: 0.006 to 0.007....| 37 000 44 000 x? 
ee 0.008 to 0.031....| 37 000 44 000 3 
0.032 to 0.162....| 37 000 44 000 4 
0.006 to 0.007....| 39 000 
0.008 to 0.031....| 39 000 3 
0.032 to 0.128....| 39 000 4 
0.250 to 0.500....} 28 000 16 000" 7 
ee 0.501 to 2.000....} 25 000 9 500* 12 
2.001 to 3.000....| 25 000 9 500* 16 
ASTM Atitoy GR40B or AA AtLoy 5254 
0.020 to 0.031....| 30 000 41 000 11 000* 12 
O 0.032 to 0.050....| 30 000 41 000 11 000* 14 
av 0.051 to 0.113....} 30 000 41 000 11 000* 16 
0.114 to 3.000.... 41 000 11 000" 


1 
| 
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Tensile Strength, psi Yield Strength, psi | Elonga- | Bend 
Temper Thickness, in. 
Min | Max Min | Max | percent) N 
ASTM A.titoy GR40B or AA ALLoy 5254—Continued 
0.020 to 0.050....| 36 000 43 000 26 000* ee 3 5 
ee 0.051 to 0.249....| 36 000 43 000 26 000* ie 8 
0.250 to 2.000....} 36 000 43 000 26 000* 12 
0.020 to 0.050....| 39 000 46 000 29 000* 4 
H34 0.051 to 0.161....| 39 000 46 000 29 000" 6 
0.162 to 0.249....| 39 000 46 000 29 000* 7 
0.250 to 1.000....| 39 000 46 000 29 000* 10 
0.020 to 0.050....| 42 000 49 000 32 000" 3 
0.051 to 0.113....| 42 000 49 000 32 000" 4 
£ 0.114 to 0.162....| 42 000 49 000 32 000" 5 
| | 0.020 to 0.050....| 45 000 35 000" 3 
0.051 to 0.113....| 45 000 35 000" 4 
0.114 to 0.128....| 45 000 35 000 5 
‘ 0.250 to 0.500....| 32 000 18 000* 8 
0.501 to 2.000....| 30 000 11 000% 
“4 2.001 to 3.000....| 30 000 11 000% 15 
4 
q - TABLE VI.—ADDITION TO TABLE I, SPECIFICATION B 210 - 57 T. 
Designation tion 8 a. a & = Each |Total 
GR20B....|} 5652...| remainder | 0.04 | 4 | 0.01 | 2.2 0.20) 0.15 to 0.050.15 
8 0.35 | 
GR40B....| 5254...| remainder | 0.05 | ¢ 4 | 0.01 | 3.1 to} 0.20) 0.15 to} 0.05/0.05/0.15 
3.9 0.35 | 
4 _ TABLE VII.—ADDITIONS TO TABLE II, SPECIFICATIONS B 210 - 57 T. 
7 Elongation in 2 in. 
Alloy Tensile Strength, psi or 4 X Diameter, 
7 Yield min, per cent 
oa Temper | Wall Thickness, in. Strength, 
AA 
~ | ‘  gpthtene 0.010 to 0.450 | 35 000 | 25 000 | 10 000° 
GR20B..... 5652. .4| H34...| 0.010 to 0.450 ae 34 000 | 26 000° 
ra H38....| 0.010 to 0.450 39 000 | 31 000° 
OF; 0.010 to 0.450 30 000 | 11 000° 
GR40B..... 5254. .4| H34...| 0.010 to 0.450 39 000 | 29 000° 
H38...| 0.010 to 0.250 45 000 | 34 000° 
NOCHE 


| 


ing to the ASTM Designation, as shown 
in the accompanying Table IV. 

Section 7—Revise the second sen- 
tence to add alloys GM31A, GR20B, 
and GR4OB. 

Table II —Revise the Alloy Headings 
to add the AA designation corresponding 
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A ppendix.—Delete the entire Appen- 
dix. 


Tentative Specification for Aluminum 
Alloy Drawn Seamless Tubes (B 210 - 
57 T): 


Table I—Add a column presenting 


TABLE VIII.—ADDITIONS TO TABLE I, SPECIFICATION B 211 - 57 T. 


Alloy 

Aluminum, | | 2 

AA per cent 

Designation nation & 

Clad GM50 
Core...... Alclad | remainder 0.10,0.400.30 
5056 | 
Cladding. . 6253 | remainder |0.100.50| 
GR20B..... 5652 | remainder 0.04) e 


eg; ¢ | $8) | 
= = N =) | 
0.05) 4.50.10 [0.05 | ...] ...10.05'0.15 
to to | to | 
0.20) 5.6, 0.20 | 
..-| 1.0)1.6 |0.15 . .10.05'0.15 
to to to 
0.35 
0.01) 2.20.20 |0.15 .10.05/0.15 
to to 
2.8 0.35 


¢* 45 to 65 per cent of magnesium content. 


TABLE IX.—ADDITIONS TO TABLE II, SPECIFICATION B 211-57 T. 


Alloy ¢ ; Tensile Strength, psi Yield Elongation in 
Temper Diameter Strength, 
ASTM AA Minimum |Maximum| __|min, per cent® 
Clad GM50A...... Alclad 
5056. .| H88 | 0.120 to 0.192 54 000 47 000 
i 0.124 and under 32 000 
1.0 ae 0.125 and over | 25 000 | 32 000} 9 500 25 
min? 
epee 5652...4| H34 | 0.374 and under | 34 000 jae 26 000 
min 
H38 | 0.374 and under | 39 000 Ae 
F all 


to the ASTM designation, as shown in 
Table I. 

Add tensile requirements for alloys 
GM31A, GR20B, and GR4O0B, as shown 
in the accompanying Table V. 

Section 9.—Revise the first sentence 
to add alloys GM31A, GR20B, and 
GR40B following alloys GiB, GR20A, 
and GR40A, respectively. 

Table IV —Revise the title to add 
alloys GM31A, GR20B, and GR40B. 


the AA alloy designation corresponding 
to the ASTM alloy designation, shown 
in Table I; also add a Footnote 5b refer- 
enced to the column heading “‘AA Des- 
ignation,” renumbering subsequent foot- 
notes accordingly, to read “® These AA 
alloy designations of the Aluminum Asso- 
ciation were established in accordance 
with the American Standard Alloy Des- 
ignation System for Wrought Aluminum 
(ASA No. H35.1—1957).” 


0.15 


0.15 


Add chemical requirements for alloys 
GR20B and GR40B; also add the AA 
alloy designation to the ASTM designa- 
tion, as shown in the accompanying 
Table VI. 

Table II—Add a column presenting 
the AA alloy designation corresponding 
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GR20B and GR40B; also add AA alloy 
designations corresponding to the ASTM 
alloys, as shown in the accompanying 
Table VII. 
Section 7—Revise the second sen- 
tence to add alloys GR20B and GR40B. 
Table III—Revise both the second 


TABLE X.—ADDITIONS TO TABLE I, SPECIFICATION B 221 - 57 T. 


All Oth 
Aluminum, | 88 | 38 | 
Designation | Desig: 3 | 28) 38 28 | 28) 
GMS3lA...| 5454..| remainder |0.10) ¢ ¢ | 0.50 to| 2.4 ... 
1.0 3.0 | 0.20 
GM40A...| 5086. .| remainder 3.5 to|0.250.05 to 0.15) ... |0.05)0.15 
0.7 4.5 0.25 | 
GM41A...| 5083. .| remainder |0.10.0.400.40) 0.30 4.0 to 0.15) ... |0.05)0.15 
1.0 4.9 0.25 | 
GM5Bl1A...| 5456. .| remainder 0.20 ¢ |0.50 to) 4.7 to 0.20,0.0005/0.05,0.15 
1.0 5.5 0.20 ; 
GR40B...| 5254. .| remainder |0.05| / f 0.01 | 3.1 to0.200.15 to|0.05; ... |0.05)0.15 
| | 3.9 | 0.35 | 


TABLE XI.—ADDITIONS TO TABLE II, SPECIFICATIONS B 221 - 57 T. 


| Elonga- 
Tensile 2 | tion in 2 
Strength, psi Yield jin. or4 X 
Strength, | Diam- 
min, psi eter, 


Area, sq in. 


Min Max 


Alloy 
Temper Thickness, in. 
ASTM AA 
oO 5.000 and under 
GM31A...| 5454....4| H112 | 5.000 and under 
H311 | 5.000 and under 
GM40A...| 5086..... H112 all 


GMaia...| 5083....{) 9149 


BE EE 


Oo 
GR4OB.... 5254....{ 


32 and under |31 000\41 000) 12 000 14 
32 and under {31 000) ... 12 000 12 
32 and under |31 000) 16 000 8 
all 35 000 18 000 12 
all 38 000 16 000 16 
all 40 060 24 000 12 


30 000/41 000} 11 0002 
30 000) | 11 0002 


to the ASTM alloy designation, as 
shown in Table I, adding also alloys 
GR20B and GR40B: 

Add a new Footnote f referenced to 


the column heading ‘Elongation in 2 in. ° 


or 4 X Diameter, min, per cent,” to read 
“4 Elongation of full-section and cut-out 
sheet-type specimens is measured in 2 
in.; of cut-out round specimens, in 4 X 
specimen diameter.” 

Add tensile requirements for alloys 


and third column headings to add alloys 
GR20B and GR4OB. 

Table IV.—Revise both the second 
and third column headings to add alloys 
GR20B and GR40B. 

Appendix—Delete the entire Appen- 
dix. 


Tentative Specification for Aluminum-- 
Alloy Bars, Rods, and Wire (B211-_ 
57 T): 

Footnote 2—Revise the last para- 


yen- | 
lum 
10 - 
ting 
er 
ents 
Total 
0.15 

cent® 
ding 
own 
efer- 
Des- : 
‘oot- 

AA 
ance 
Des- 


184 27 


graph of Footnote 2 to read: “The 1957 
revision included also the incorporation 
of the appropriate requirements of the 
Tentative Specifications for Aluminum 
Bars, Rods, and Shapes for Pressure 
Vessels (B273-56T). Specifications 
B 273 have accordingly been discontin- 
ued.” 

Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation as shown 
in Table I; also add a new Footnote b 
referenced to the column heading “AA 
Designation,” renumbering subsequent 
footnotes accordingly, to read: ‘“* These 
AA alloy designations of the Aluminum 
Association were established in accord- 
ance with the American Standard Alloy 
Designation System for Wrought Alumi- 


num (ASA No. H35.1—1957).” 


Add chemical requirements for alloys 


clad GM50A and GR20B; also add the 


AA alloy designation corresponding to 
the ASTM alloy designation, as shown 
_ in the accompanying Table VIII. 
Table II —Add a column presenting 
the AA alloy designation corresponding 
; the ASTM alloy designation, as 


: shown in Table I. 


Add tensile requirements for alloys 
clad GMS50A and GR20B; also add 


ASTM alloy designation, as shown in 
_ the accompanying Table IX. 

Section 7—Revise the second sentence 
add alloy GR20B. 

New Section—Add a new Section 13 
entitled “Cladding Thickness,’”’ to read 
as follows, renumbering subsequent sec- 


tions accordingly: 


aS alloy designation corresponding to 


; 13. (a) The aluminum alloy coating of clad 
- GMSOA wire shall have a thickness of approxi- 
mately 20 per cent of the total cross-sectional 

of the wire. 
(b) When the thickness of the coating is to 


_ be determined on finished wire, transverse cross- 
_ sections of at least three wires from the lot shall 
- polished for microscopic examination. Using 
a magnification of 100 diameters, the coating 
thickness at four points, 90 deg apart, in each 
sample shall be measured and the average of the 
_ 12 measurements shall be taken as the thickness. 
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A ppendix.—Delete the entire Appen- 
dix. 


Tentative Specification for Aluminum 
Alloy Extruded Bars, Rods, and 
Shapes (B 221 - 57 T): 

Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, shown 
in Table I; also add a new Footnote 3, 
referenced to the column heading “AA 
Designation,” renumbering subsequent 
footnotes accordingly, to read ‘* These 
AA alloy designations of the Aluminum 
Association were established in accord- 
ance with the American Standard Alloy 
Designation System for Wrought Alumi- 
num (ASA No. H35.1—1957).” 

Change chemical requirements for 
alloy GMS1A and add chemical require- 
ments for alloys GM31A, GM40A, 
GM41A, and GR40B; also add the AA 
alloy designation corresponding to the 
ASTM alloy designation, as shown in 
the accompanying Table X. 

Table IJ —Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as 
shown in Table I. 

Add tensile requirements for alloys 
GM31A, GM40A, GM41A, and GR40B; 
also add AA alloy designation, as shown 
in the accompanying Table XI. 

Section 7.—Revise the second sentence 
to add alloy GM31A, GM40A, GM41A, 
and GR40B. 

A ptendix.—Delete the entire Appen- 
dix. 


Tentative Specification for Aluminum 
Alloy Drawn Seamless Tubes for 
Condensers and Heat Exchangers 
(B 234-57 T): 

Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation as shown 
in Table I; also add a new Footnote b 
referenced to the column heading “AA 
Designation,” renumbering subsequent 
footnotes accordingly, to read ‘* These 
AA alloy designations of the Aluminum 


| 
t 
: 
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n- i TABLE XII.—ADDITIONS TO TABLE I, SPECIFICATION B 235 - 57 T. 
Other 
Alloy ~ ~ ~ Ele t 
m Aluminum, | | Manga | Zine,| Es | 
id ASTM Des-| AA Des. eel Gs Ss | 
ignation® ignation® & Each |Total 
1g GM31A...| 5454...| remainder |0.10) / | 0.50 to] 2.4 to) 0.25) 0.05 to} 0.20 |0.05)0.15 
ng 1.0 | 3.0 | | 0.20 
GM51A2..| 5456...| remainder |0.20) / | 0.50 to! 4.7 to! 0.25) 0.05 to| 0.20 |0.05'0.15 
- 1.0 | 5.5 0.20 | 
b, GR20B....| 5652...| remainder |0.04| ¢ 0.01 | 2.2 to) 0.20) 0.15 to 0.050.15 
A 2.8 0.35 | 
GR40B....| 5254...) remainder |0.05) ¢ 0.01 | 3.1 to! 0.20) 0.15 to} 0.05 |0.050.15 
nt 
3.9 | 0.35 | 
se 
m ° For alloy GM51A the maximum beryllium content shall be 0.0005 per cent. 
d- TABLE XIII.—ADDITIONS TO TABLE II, SPECIFICATION B 235 - 57 T. 
cf Tensile Elonga- 
Alloy Strength, psi Yield 
Temper Thickness, in. Area, sq in. as > Diam- 
ASTM AA D eter, 
Designation Min Max 
re- 
A, me) 5.000 and under | 32 and under |31 000/41 000/12 000 | 14 
LA GMS31A...| 5454..4| H112 | 5.000 and under | 32 and under |31 000) ... | 12 000 12 
he H311 | 5.000 and under | 32 and under /31 000) ... | 16 000 8 
in fe) all 42 000153 000 19 000 16 
GM514A. ..| 5456. 4 H112 all 42 000] 19 000 | 12 
ng oO all 25 000.35 000} 10 000° ae 
as 
oO all 30 000} ... | 11 000°; ... 
ys 
B; TABLE XIV.—ADDITIONS TO TABLE I, SPECIFICATIONS B 241 - 57 T. 
ASTM Designation® Alloy GMSiA Alloy GM31A 
ce AA Designation? Alloy 5456 Alloy 5454 
A, 
im ow 4.7 to 5.5 2.4 to 3.0 
x 0.05 to 0.20 0.05 to 0.20 
Other Elements: 
wh 
"" ¢ Iron plus silicon shall not exceed 0.40 per cent. 
AA Association were established in accord- Table IJ.—Add a column presenting 
ent ance with the American Standard Alloy the AA alloy designation corresponding 
ese Designation System for Wrought Alumi- to the ASTM alloy designation, as 
num (ASA No. H35.1—1957).” shown in Table I. 


Add a new Footnote b referenced to 
the column heading ‘Elongation in 2 in. 
or 4 X Diameter, min, per cent,” to 
read: “® Elongation of full-section and 
cut-out sheet-type specimens is measured 
in 2 in.; of cut-out round specimens, in 

_ 4 X specimen diameter.” 

' Section 13—Change the first sentence 

— to read: “The tubing shall be capable of 
being flattened along any element under 

_a gradually applied load until the mazi- 
mum oulside diameter in the line of pres- 


sure is not more than eight times the 


wall thicknesss.” 
Appendix II—Delete the entire Ap- 
pendix IT. 


Tentative Specification for Aluminum 
Alloy Extruded Tubes (B 235 — 57 T): 
Table I—Add a column presenting 

the AA alloy designation corresponding 

to the ASTM alloy designation, as 
shown in Table I; also add a new foot- 

; note b referenced to the column heading 

“AA Designation,” renumbering subse- 
, quent footnotes accordingly, to read: 
“* These AA alloy designations of the Al- 
uminum Association were established in 
accordance with the American Standard 
Alloy Designation System for Wrought 
Aluminum (ASA No. H35.1—1957).” 

Add chemical requirements for alloys 
GM31A, GM51A, GR20B, and GR40B; 
also add the AA alloy designation corre- 
sponding to the ASTM alloy designation, 
as shown in the accompanying Table 
XII. 

Section 7.—Revise the second sentence 
to add alloys GM31A, GM51A, GR20B, 
and GR4OB. 

Table IJ —Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as 
shown in Table I. 
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Add a new Footnote j referenced to 
the column heading ‘Elongation in 2 in. 
or 4 X Diameter, min. per cent,” to 
read: “Elongation of full-section and 
cut-out sheet-type specimens is meas- 
ured in 2 in.; of cut-out round speci- 
mens, in 4 X specimen diameter. 

Add tensile requirements for alloys 
GM31A, GM51A, GR20B, and GR40B; 
also add AA alloy designations corre- 
sponding to the ASTM alloy designation, 
as shown in the accompanying Table 

A ppendix—Delete the entire Appen- 
dix. 


Tentative Specification for Aluminum 
Bars for Electrical Purposes (B 236 - 
57 T): 


Section 6—Change the value for resis- 
tivity from ‘‘0.07640” to ‘0.0764 ohm— 
gram/meter® and for conductivity from 
“61” to “61.0 per cent.” 

Section 9 (c)—Revise to read as 
follows: 


(c) Electrical resistivity or conductivity shall 
be determined in accordance with the Standard 
Method of Test for Resistivity of Electrical 
Conductor Materials (ASTM Designation: B 
193) or the Eddy Current Method, provided 
that in case of dispute methods in accordance 
with Method B 193 shall be the basis for ac- 
ceptance, 


Tentative Specification for Aluminum 
Alloy Pipe (B 241 - 57 T): 


Table I—Revise the column headings 
to present the AA alloy designation 
corresponding to the ASTM alloy desig- 
nation; add new Footnotes a and b 
referenced to column 1, renumbering 
subsequent footnotes accordingly, as 
follows: 


ASTM Designation® | Alloy GS10A | 


Alloy GS11A Alloy GS11C | Alloy M1iA 


AA Designation® | Alloy 6063 | 


Alloy 6061 Alloy 6062 Alloy 3003 


* These alloy designations were established in accordance with the Recommended Practice for 
Codification of Light Metals and Alloys, Cast and Wrought (ASTM Designation: B 275). 

> These alloy designations of the Aluminum Association were established in accordance with the 
American Standard Alloy Designation System for Wrought Aluminum (ASA No. H35.1—1957). 
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Add chemical requirements for alloys 
GM31A and GMS51A, a new footnote, 
and the AA alloy designation correspond- 
ing to the ASTM designation, as shown 
in the accompanying Table XIV. 

Section 7—Revise the second sentence 
to add alloys GM31A and GMS1A. 

Table IJ—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy, as shown in Table 
I; also delete Footnote 6 and its reference 
in column titled “Alloy,” renumbering 
subsequent footnotes accordingly. 

Add a new Footnote d referenced to 
the column heading “Elongation in 2 in. 
or 4 X Diameter, min, per cent,” to 
read: “4 Elongation of full-section and 
cut-out sheet-type specimens is meas- 
ured in 2 in.; of cut-out round specimens, 
in 4 X specimen diameter.” 

Add tensile requirements for alloys 
GM31A and GMS51A; also add AA 
alloy designation corresponding to 
ASTM alloy, as follows: 
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Table IJ —Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as shown 
in Table I. Revise the temper designa- 
tion for alloys 990A and M1A from the 
present “F” to read “H112.” 

Appendix —Delete the entire Ap- 
pendix. 


Tentative Specification for Aluminum 
Alloy Drawn Seamless Coiled Tubes 
for Special Purpose Applications 
(B 307 —- 57 T): 


Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as shown 
in Table I; also add a Footnote e refer- 
enced to the column heading “AA Desig- 
nation,” to read: “* These AA alloy des- 
ignations of the Aluminum Association 
were established in accordance with the 
American Standard Alloy Designation 


Alloy | o_o Yield Elongation in 

| Temper Pipe Size, in. Strength, Strength, y tty 

ASTM Designation |AA Designation min, psi min, ps!’ | min, per cent? 
| | Oo 1 and over 31 000 12 000 12 
GMSIA......... | 5454...... { H112 | 1andover | 31.000 | 12 000 10 
| 

GMSLA | | All 42 000 | 19 000 

| H112 All 42 000 19 030 12 


A ppendix.—Delete the entire Appen- 

dix. 

Tentative Specification for Aluminum 
Alloy Die Forgings (B 247 — 57 T): 
Table I—Add a column presenting 

the AA alloy designation corresponding 

to the ASTM alloy designation as shown 
in Table I; add a new footnote 8, refer- 
enced to the column “AA Designation,” 
renumbering subsequent footnotes ac- 
cordingly, to read: “® These AA alloy 
designations of the Aluminum Associa- 
tion were established in accordance with 
the American Standard Alloy Designa- 
tion System for Wrought Aluminum 
(ASA No. H35.1—1957).” 


System for Wrought Aluminum (ASA 
No. H35.1—1957).” 

Table II—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as shown © 
in Table I. 

Section 13 (b)—Change the first 
sentence to read: “‘As an alternate to the 
expansion test, the tube shall be capable 
of being flattened along any element 
under a gradually applied load until the 
maximum outside diameter in the line 
of pressure is not more than three times 
the wall thickness.” 

Appendix—Delete the entire Ap- 
pendix, 
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Tentative Specification for Aluminum 
: Alloy Standard Structural Shapes, 
Rolled or Extruded (B 308 - 57 T): 
Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as shown 
in Table I; also add a new Footnote 3, 
referenced to the column heading “AA 
Designation,” renumbering subsequent 


Table IT—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as shown 
in Table I; also delete Footnote a, re- 
numbering subsequent footnotes ac- 
cordingly. 

Add tensile requirements for alloys 
GM31A, GM40A, and GM41A; also add 
AA alloy designation corresponding to 


TABLE XV.—ADDITIONS TO TABLE I, SPCIFICATION B 308 - 57 T. 


| 
Designation*| Pesigpa- | | ER | FR [Each |Total 
GM31A...| 5454. .| remainder |0.10| | | 0.50 to| 2.4 to\0.25| 0.05 ... |0.05/0.15 
1.0 | 3.0 0.20 
GM40A.. 5086. .| remainder 0.20 to| 3.5 0.05 tol0.15| ... |0.05/0.15 
0.7 | 4.5 0.25 | 
GM41A. .| 5083. .| remainder |0. 10/0. 40/0. 40| 0.30 to| 4.0 0.05 tol0.15 0.05|0.15 
1.0 | 4.9 0.25 
GMB1A...| 5456. .| remainder 0.20} ® | ® | 0.50 to| 4.7 to0.25\ 0.05 
1.0 | 5.5 | 0.20 | | 


TABLE XVI.—ADDITIONS TO TABLE II, SPECIFICATION B 308 - 57 T. 


Tensil Elk - 

Alloy | Strength, psi tion in 

Yield in. or 

Temper Thickness, in. Area, sq in. Strength, |4 X di- 

ASTM AA min, psi |ameter, 

Designation Min Max 
5.000 and under | 32 and under 000\/41 000) 12 000 14 
GM31A....; 5454. .4| H112 | 5.000 and under | 32 and under (31 000) ... 12 000 12 
H311 | 5.000 and under | 32 and under |31 000 16 000 8 
GM40A....| 5086...) H112 all all 35 000 18 000 12 
r@) all all 38 000 16 000 16 
GM41A.... 5083. .{ H112 all all 40 000) 24 000 | 12 


footnotes accordingly, to read: ““’ These 
AA alloy designations of the Aluminum 
Association were established in accord- 
ance with the American Standard Alloy 
Designation System for Wrought Alumi- 
num (ASA No. H35.1—1957).”’ 

Change the chemical requirements for 
alloy GMS51A and add chemical re- 
quirements for alloys GM31A, GM40A, 
and GM41A; also add the AA alloy 
designation corresponding to the ASTM 
alloy designation, as shown in the ac- 
companying Table XV. 


the ASTM alloy designation, as shown 

in the accompanying Table XVI. 

Add requirements for alloy GS11C- 
T62 reading identically to those now in- 
cluded in Table II for alloy GS11A- 
T62. 

A ppendix——Delete the entire Ap- 
pendix. 

Tentative Specification for Aluminum 
Alloy Round Welded Tubes (B 313 - 
57 T): 

Table I—Add a column presenting 
the AA alloy designation corresponding 
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to the ASTM alloy designation, as 
shown in Table I; also add a new Foot- 
note 6 referenced to the column heading 
“AA Designation,” renumbering sub- 
sequent footnotes accordingly, to read: 
“> These AA alloy designations of the 
Aluminum Association were established 
in accordance with the American Stand- 
ard Designation System for Wrought 
Aluminum (ASA No. H35.1—1957).” 
Table II.—Add a column presenting 
the AA alloy designations corresponding 
to the ASTM alloy designation, as shown 
in Table I. 
Appendix.—Delete the entire Ap- 
pendix. 
Tentative Specification for Aluminum 
Alloy Rivet and Cold Heading Wire 
and Rods (B 316-57 T): 


Table I—Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as 
shown in Table I; also add a new Foot- 
note 6 referenced i the column heading 
“AA Designation,’ renumbering subse- 
quent footnotes accordingly, to read: 
“> These AA alloy designations of the 
Aluminum Association were established 
in accordance with the American Stand- 
ard Alloy Designation System for 
Wrought Aluminum (ASA No. H35.1 
—1957).” 

Table IJ —Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation, as 
shown in Table I. 

Table III —Add a column presenting 
the AA alloy designation corresponding 
to the ASTM alloy designation; also 
establish a separate column for temper 
designation, as follows: 


Alloy | 
Temper 
ASTM Designation |AA Designation} 
T4 
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A ppendix—Delete the entire Ap- 
pendix. 


Tentative Specification for Extruded 
Aluminum Alloy Bars, Rods, Pipe, and 
Structural Shapes for Electrical Pur- 
poses (B 317 —- 57 T): 


Section 1—Change to read as follows: 


1. This specification covers ASTM alloy 
GS10B* (AA alloy 6101)* bar, rod, pipe, and 
structural shapes in tempers T6, T61, and T62 
for use as electrical conductors. 


New Footnotes—Add new Footnotes 
3 and 4 to read as follows: 

3 This ASTM alloy designation was established 
in accordance with the Recommended Practice 
for Codification of Light Metals and Alloys, Cast 
and Wrought (ASTM Designation: B 275). 

4 This AA alloy designation of the Aluminum 
Association was established in accordance with 
the American Standard Alloy Designation Sys- 
tem for Wrought Aluminum (ASA No. H35.1— 
1957). 


Appendix II—Delete Appendix II. 


Tentative Specification for Type A and 
Type B Aluminum Alloy Drawn An- 
nealed Seamless Coiled Tubes 
(B 318-57 T): 


Table II.—Revise to add a column 
presenting the AA alloy designation 
corresponding to the ASTM alloy desig- 
nation, as shown in Table I; also add a 
new Footnote b referenced to the column 
heading “‘AA Designation,” renumbering 
subsequent footnotes accordingly, to 
read: “’These AA alloy designations 
of the Aluminum Association were estab- 
lished in accordance with the American 
Standard Alloy Designation System for 
Wrought Aluminum (ASA No. H35.1— 
1957).” 

Table II I.—Revise to add a column 
presenting the AA alloy designation 
corresponding to the ASTM alloy desig- 
nation, shown in Table I. 

Appendix—Delete the entire Ap- 
pendix. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
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Tentative Specification for Magnesium- 
Base Alloy Sheet and Plate (B 90 — 57 T) 
be approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 


ADOPTION OF TENTATIVES AS STANDARD 
WITH REVISION 

The committee recommends that the 

following tentatives be approved for 

reference to letter ballot of the Society 


TABLE XVII.—ADDITIONS TO TABLE II, 
SPECIFICATION B 80 - 57 T. 


Yield 
Strength 
Alloy Condition 0.2 pe 
set), min, 
Sex psi 
AZ63A -T4 (solution heat- 
.: -T4 (solution heat- 
-F (as-cast)...........] 10 000 
AZ91C -T4 (solution heat- 
AZ92A..... -T4 (solution heat- 


for adoption as standard with revisions 
as indicated: 


Tentative Specification for Magnesium- 
Base Alloy Sand Castings (B 80- 
57 T): 

Table II—Add to Table II the 
minimum tensile yield strengths as shown 
in the accompanying Table XVII. 

Table III —Revise the values given 
for the following alloys to read as shown 
in the accompanying Table XVIII. 

New Table—Add a new Table V to 
read as shown in the accompanying 
Table XIX. 

New Explanatory Note—Add a new 
Explanatory Note 5 to read as follows: 

Note 5.—The minimum properties of bars 
cut from castings shown in Table V are given 
for information only and do not form a part of 
this specification. The minimums in Table V 
are available for most castings although better 
properties may be obtained in some castings 
or selected sections of other castings. All prop- 
erties of bars cut from castings require special 
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agreement between the purchaser and manu- 

facturer. 

Tentative Specification for Magnesium- 
Base Alloy Forgings (B 91 - 57 T): 
Table I—In Table I change the maxi- 

mum silicon percentages on alloys 

AZ31B, AZ61A, and AZ80A from 

0.30” to “0.10.” Add a maximum of 

0.04 per cent calcium on alloy AZ31B. 


Tentative Specification for Magnesium- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Perma- 
nent Mold Castings (B 93 - 57 T): 
Table I=—Delete alloys AM80A, 

AM100B and M1B from Table I. Add 

alloy AZ81A to Table I with the fol- 

lowing composition: 


Aluminum, per cent............... 7.2-8.0 
Manganese, min, per cent.......... 0.15 
Silicon, max, per cent............. 0.20 
Copper, max, per cent............. 0.08 
Nickel, max, per cent............. 0.01 
Other impurities, max, per cent..... 0.30 


Tentative Specification for Magnesium- 
Base Alloy Bars, Rods, and Shapes 
(B 107 - 57 T): 

Table I—Lower the silicon content 
of alloys AZ31B, AZ61A, AZ80A, and 
MIA from 0.30 per cent max to 0.10 
per cent max. Add a maximum of 0.04 
per cent on calcium for alloy AZ31B 
in the same table. 


Tentative Specification for Magnesium- 
Base Alloy Permanent Mold Cast- 
ings (B 199 —- 57 T): 

Table II—Add the following mini- 
mum tensile yield strengths to Table IT: 


Yield 
Strength 
Alloy Condition 
set), min, 
psi 
10 000 
AZ9IC....4| -T4 (solution heat- 
er 11 000 
-F (as-cast)........... 10 000 
AZ92A....4| -T4 (solution heat- 
11 000 


| 
| 
| 
i 
| 
| 
| 
| 
d, 
\ 


TABLE XVIII.—REVISIONS FOR TABLE III, SPECIFICATION B 80-57 T. 


Yield Unit Deforma- 
Ally Condition | 
set), min, psi 

AZ63A....... -T5 (artificially aged only)........... minimum 11 000 0.0037 
-T4 (solution heat-treated)..........| minimum 11 000 0.0037 
-T4 (solution heat-treated).......... minimum 10 000 0.0035 
-T4 (solution heat-treated)..........| minimum 11 000 0.0037 
BIER... «+a -T5 (artificially aged only)........... 11 000 0.0037 
-T4 (solution heat-treated).......... 11 000 0.0037 


(New Table V, Specification B 80 — 57 T.) 


TABLE XIX.—TENSION TEST MINIMUMS FOR SPECIMENS CUT FROM CASTINGS. 


Tensile Strength 
Alloy and Temper 
eo Average, Minimum, Average, Minimum, 
psi | psi psi psi 
AZ63A 
25 500 17 000 10 000 9 000 
25 500 17 000 14 500 12 000 
AZ81A 
25 500 17 000 10 000 9 000 
AZ91C 
25 500 17 000 10 000 9 000 
25 500 17 000 14 500 12 000 
AZ92A 
EZ33A 
T5 (room temperature).......... 15 000 13 000 12 500 11 000 - 
HK31A 
T6 (room temperature).......... 23 000 19 000 11 700 10 500 2 
HZ32A 
T5 (room temperature).......... 23 000 19 000 11 700 10 500 
10 000 bs 6 000 
ZK51A 
29 000 24 000 17 000 14 000 
ZH62A 
31 500 26 500 17 500 15 500 


order. 


°@ The average per cent elongation of specimens cut from castings shall be not less than 25 per 
cent of the values specified for separately cast test bars. 
Note.—The above values, both average and minimum, are representative of the weakest areas 
in any type casting for the composition listed, that is, adjacent to sprues and risers. Higher design 
properties for designated areas in castings are normally obtained and shall be as specified in the 


«te 


! 
|_| — 
\ 
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Table IIIT—Add the 
conditions to Table ITI: 


following new 


esse 
Alloy Condition a (a) 
> a. 
-F (as-cast)...... 10 000/0.0035 
AZ9IC....4| -T4 (solution 

heat-treated) ..... 11 000/0.0037 
-F (as-cast)...... 10 000\0.0035 

AZ92A... | -T4 (solution | 
heat-treated) ..... 1l 000,0.0037 


Tentative Specification for Magnesium- 
Base Alloy Extruded Tubes (B 217 - 
57 T): 


Table I——Lower the maximum sili- 
con permitted in Table I on alloys 
AZ31B, AZ61A, and M1A from 0.30 
per cent to 0.10 per cent. Add a maxi- 
mum of 0.04 per cent on calcium in 
alloy AZ31B in the same table. 


| 
, REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


mw. 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 


Report OF CommITTEE B-7 (AppenpIX I) 


affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specification for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 — 57): 
Table I.—Delete alloy SC54A-B. Add 

alloy GM70B with the chemical require- 

ments and a new Footnote e as shown in 

the accompanying Table XX. 

New Section—Add a new Section 2 
entitled ‘Basis of Purchase,” to read 
as follows, renumbering the subsequent 
sections accordingly: 

2. Orders for material under this specification 


shall include the following information: 
(1) Quantity in pieces or pounds, 


TABLE XX.—ADDITIONS TO TABLE I, 
SPECIFICATION B 179 - 57. 


Aluminum, per cent............ remainder 
0.20° 
0.15° 
Manganese, per cent............ 0.10 to 0.25 
Magnesium, per cent........ .. 6.3 t0 7.5 


Chromium, per cent............. 
Titanium, per cent............. 0.10 to 0.25 
Other elements, each, per cent... 0.05 

Other elements, total, per cent... 0.15 


¢ The total content of iron plus silicon shall 
not exceed 0.30 per cent. 


TABLE XXI.—COLOR CODING OF ALUMINUM-BASE INGOTS. 
(New Table II, Specification B 179 — 57) 


Alloy Color Alloy Color 
CG 100A Red & White SC 514A Green 
CN 42A Red & Orange SC 64A : Brown & Yellow 
C 4A Red & Brown SC 64B a Yellow 
CS 42A Red & Yellow SC 64C Brown & Black _ 
CS 43A Red SC 82A Brown & Green 
CS 66A Red & Green SC 84A-B Brown 
7 CS 72A Red & Black SC 103A Brown & White 
CS 104A Red & Purple SC 114A Orange 
. SC 122A Brown & Blue 
G4A Blue & White SG 70A Purple 
«GBA Blue & Red SG 100A-B | Purple & White 
G 10A Blue SN 122A Orange & Green | 
GM 70B Blue & Orange 
Dye GS 42A Blue & Yellow ZC 60A Purple & Orange 
_ GZ 42A Blue & Green ZC 81A-B Purple & Yellow 
ZG Green & Yellow 
a S 5A Black & Yellow ZG42A Purple & Green 
8 5B Black ZG 61A Orange & Yellow 
8 56C Black & Green ZG 61B Orange & Black 
S$ 12A-B Black & White 


FA 


( 
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TABLE XXII.—COLOR CODING OF ALUMINUM-BASE INGOTS. 


(New Table III; Specification B 179 - 57) 


White Black Red Yellow 


Blue Green Brown Purple Orange 
| 


S$12A-B | CG100A 


..-| S12A-B SSB CS72A SSA 
-| CG100A CS72A_ | CS43A CS42A 
SSA CS42A SC64B 
G4A G8A GS42A 
SSC CS66A ZG32A 
SC103A SC64C | C4A SC64A 
SG100A-B CS104A | ZC81A-B 


ZG61B | CN42A | ZG61A 


G4A | SG100A-B | 


Z 
C4A * CS104A CN42A 
ZC81A-B 


'GZ42A_ | SCSIA SC8&2A ZG42A 
S$Ci22A | SC82A SC84A-B 
SG70A ZC60A 


ZG42A 
GM70B | SN122A ZC60A SC114A 


(2) Alloy (Section 5, Table I), 

(3) Form; by agreement between the pur- 
chaser and vendor the approximate form and 
weight of each piece or ingot may be specified. 

(4) Whether marking for identification is 
required, including marking pattern if required 
(Section 9), and 

(5) Place of inspection (Section 11). 


New Section—Add a new Section 9 
entitled “Marking for Identification,” 
to read as follows, renumbering the sub- 
sequent sections accordingly: 


9. When color identification marking of 
ingots is specified on the order, ingots shall 
be color coded as shown in the Appendix. 
Color may be applied by spray can or brush. 
Color pattern on ingots may be either stripe 
or dot at the request of the purchaser. Either 
one side or two adjacent ingot sides may be 
marked at the request of the purchaser. 


Appendix—Add an Appendix con- 
taining the color code referred to in the 
new Section 9, including the new Tables 
II and IIT as shown in the accompanying 
Tables XXI and XXII: 


APPENDIX 


When color identification marking of ingots 
is specified in the order the following color code, 
as shown in Tables II and ITI, shall be used. 


Standard Recommended Practice for 
Codification of Light Metals and 
Alloys, Cast and Wrought (B 275 - 55): 


WA 


New Footnote—Add the following 
Footnote 3 to Section 2(a@) to read as 
follows: 

3 However, the Committee B-7 subcom- 
mittee having jurisdiction over this recom- 
mended practice may tentatively assign desig- 
nations for alloys and unalloyed metals before 


their chemical composition limits are included 
in ASTM Specifications. 


Table I—Delete the word “Beryl- 
lium” following the letter “L,” replacing 
it with “Lithium.” 

New Paragraph—Add a new Para- 
graph 5 entitled “Granular Metal 
Products,” to read as follows: 


5. Designation of light metals and alloys 
formed as a wrought product from granular 
metal powders or granules shall be by use of 
the prefix (P) in parentheses to the letter or 
letters forming the alloy designation. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Method of Test for: 


Dielectric Strength of Anodically Coated 
Aluminum (B 110-45), 

Sealing of Anodically Coated Aluminum 
(B 136-45), and 

Weight of Coating on Anodically Coated Alumi- 
num (B 137 - 45). 
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The Atmospheric Exposure Program 
of Light Metals and Alloys as outlined to 
the Society in 1953? is presently being 
conducted by Committee B-7. The scope 
of the program includes both wrought 
and cast material exposed at five test 
sites, representing the rural conditions of 
State College, Pa., the industrial condi- 
tions of New York City, and the marine 
conditions along the Atlantic coast at 
Kure Beach, N. C., along the Pacific 
coast at Point Reyes, Calif., as well as 

"along the Gulf coast at Freeport, Tex. 
Previous reports were presented to the 
Society in 1954* and 1955,‘ and con- 
‘ole data on material exposed for a 


6-month and 1-yr period. 
This report pertains to results exposed 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 
‘ 1 Materials Engineer and Physical Science 

Aide, respectively, Frankford Arsenal, Pitman 
Laboratories, Philadelphia, Pa. 

2L. H. Adam, “Atmospheric Exposure of 
‘Light Metals,”’ Appendix to Report of Commit- 
tee B-7 on Light Metals and Alloys, Cast and 
3 Wrought, Proceedings, Am. Soc. Testing Mats., 
Vol. 53, pp. 227-250 (1953). 

3L. H. Adam, “Atmospheric Exposure of 
Aluminum and Magnesium Sand and Permanent 
Mold Casting,” Appendix to Report of Com- 
mittee B-7 on Light Metals and Alloys, Cast 
and Wrought, Proceedings, Am. Soc. Testing 
-Mats., Vol. 54, pp. 270-294 (1954). 

*L. H. Adam and M. Dougherty, “Atmos- 
pheric Exposure of Wrought Aluminum and 
_ Magnesium Alloys,” Appendix to Report of 
| Cast and B-7 on Light Metals and Alloys, 


Cast and Wrought, Proceedings, Am. Soc. 
Testing Mats., Vol. 55, pp. 284-311 (1955). 


By L. H. ApAm' aNp Marte DovuGHERTyY! 


ATMOSPHERIC EXPOSURE OF ALUMINUM AND MAGNESIUM 
dhe SAND AND PERMANENT MOLD CASTINGS* a 


2° 


on cast aluminum and magnesium alloys 
for 3 yr at the 5 test sites. Six cast tensile 
specimens of each alloy, were removed 
from the exposure racks after a 3-yr 
period, and a similar group of specimens 
retained under control room conditions 
in sealed containers for 3 yr, were tested 
for mechanical properties. 

Tables I to XXV inclusive show the 
yield strength, tensile strength and per 
cent elongation in 2 in., recorded on six 
samples removed from each of the five 
exposure sites. The bar graphs in Figs. 1, 
2, and 3 illustrate the average tensile 
strength and per cent elongation for each 
exposure site as compared to the average 
3-yr control values. In general, the 
aluminum and magnesium alloys show a 
loss of strength no greater than 5 per 
cent. However, the effect of exposure on 
the ductility of the material indicates 
that the majority of the values change 
no more than 20 per cent after 3-yr 
exposure. 

From time to time, as more exposed 
samples are tested, the data will be pre- 
sented for your review. The excellent 
cooperation of the participating mem- 
bers of the Society is gratefully acknowl- 
edged. Their continued interest in this 
program in the future will help increase 
the knowledge we already have accumu- 
lated concerning the performance of these 
lightweight metals. 
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Bar Designation 
ASTM Specification (Min.) 
@ 3 Yr. Control Value 
2 Exposure Period 
5 3 Yr. State College 
3 Yr. New York 
@ 3 Yr. Kure Beach 
8 & 3 Yr. Point Reyes 
3 Yr. Freeport 
8 
4 
ASTM S58 -F SCS5IA-T6 SC64B -T6I ZG32A-T5 ZG60A-T5 ZC8IB-T5 2G42A-T5 
Commercial * 43 355 Alicast Ternalloy 612 Tensiloy Ternalloy J 
6x10* 
a 
o4 L 
3 
4 
2 
$ 
tor 
- $a, “ns Most Commonly Used. Each Bor Represents Average Results on Six Specimens 


Fic. 2.—Summary of Data, Atmospheric Exposure of Light Metals and Alloys, Aluminum Al 
oy Permanent Mold. 


14 
Bar Designation 
ASTM Specification (Min.) 
3 Yr. Control Value 
12 Exposure Period 
@ 3Yr. State College 
@ 3Yr. New York 
3Yr. Kure Beach 
10 © 3yYr. Point Reyes 
j 
- 
c 
Ss = = 
w 
77) 
2 2 
ASTM AZ63A-T4 AZ9IC -F AZ92A-T6 EK30A-F EK304-T6 AZ9IC-T6 E233A-T5 
6x 10% 
<4 
> 
: 
22 
= 
Y 


F Each Bor Represents Average Results on Six Specimens 
1G. 3.—Summary of Data, Atmospheric Exposure of Light Metals and Alloys, Magnesium Al- 
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_ APPLICATIONS OF ALUMINUM AND MAGNESIUM IN THE NUCLEAR 


The segments of the nuclear energy 


field of interest to ASTM Committee 
B-7 are nuclear materials processing, 
nuclear power reactors, and nuclear re- 

_ search and special reactors.” 


High-purity magnesium is used in the 
primary reduction of uranium, and the 
“nuclear materials processing industries 
_ use large quantities of aluminum alloys 
‘in both tubing and plate form for the 
transfer and containment of chemicals 
and materials in process. In much of this 
work the actual corrosion rate of pipe, 
_ for example, when considered from a re- 
placement standpoint, is less important 
than the possibility of contaminating 
process fluids with corrosion products. It 
is also important that the alloys used for 
structural purposes be amenable to fab- 
_ Tication by fusion welding in an inert gas 
_ atmosphere. The principal alloys include 
1100, 3003, 5052, and 6061 aluminum, 
and it is not likely that this picture will 


NUCLEAR MATERIALS PROCESSING 


* Presented at the meeting of Committee 
B-7 held in St. Louis, Mo., Feb. 1958. 

1 Senior Welding Engineer, ACF Industries, 
Inc., Albuquerque, N. Mex. 

2 In most fields, aluminum is used because of 
its light weight, resistance to corrosion in certain 
media, workability and good appearance. Mag- 
nesium has been accepted and eventually re- 
quired in many industries for one or more of the 
same reasons, although not necessarily the same 
specific reason in many instances. In the nuclear 
fields it would not be expected that weight would 
be a factor except in the instance of air or water- 
borne power plants (including transportation of 
components of military power reactors) or certain 
articles of military ordnance. Even in these in- 
stances it is entirely possible that other light 
metals such as titanium or beryllium would be 
more desirable on a strength-to-weight basis 
where cost is not a factor. 
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INDUSTRIES* 
By W. G. Grorn! 


change appreciably in the foreseeable 
future. Industry has found the standard 
commercial alloys produced to current 
specifications entirely satisfactory for 
most of this service. 


NUCLEAR POWER REACTORS 


Nuclear reactors can be classified un- 
der three general headings as power 
reactors, research reactors, and special 
reactors. Power reactors are those nu- 
clear energy sources utilized as all or 
part of the heat or energy input section 
of central power stations producing 
electrical or other energy in the mega- 
watt range. The term “power genera- 
tion” implies the generation of vast 
quantities of heat with the simultaneous 
conditions of high temperatures and high 
pressures. These conditions in turn en- 
courage visualization of massive installa- 
tions of great physical weight. Up to the 
present time, aluminum and magnesium 
have had a very small place in the field 
of power generation except for conduc- 
tors; and aluminum has not usually been 
used for bus installations except in times 
of national emergency. The primary 
temperatures and pressures required for 
high thermal efficiency of our larger in- 
dustrial steam cycle power plants have 
been beyond the capabilities of alumi- 
num and magnesium alloys. There are, 
however, certain peculiarities of nuclear 
materials and reactions which have 
largely prevented utilization of these 
same high temperatures and pressures in 
the generation of heat power through 
controlled nuclear activity. 

In the consideration of light metals 
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for nuclear reactor applications, one 
might well establish two fields of investi- 
gation, namely (1) internal reactor com- 
ponents, and (2) external components. 
The internal or integral components in- 
clude fuel elements and reactor shells, in 
which the prime considerations are (a) 
service temperature, (6) reaction be- 
tween material and the nuclear fuel, 
(c) reaction between the material and 
the reactor coolant, (d) thermal neutron 
cross-section, (e) thermal conductivity, 


+, 
GroTH ON ALUMINUM AND MAGNESIUM IN NUCLEAR FIELD 211 a, 


trol elements have a minimum effect 
upon the nuclear activity used for heat 
generation. In other words, neutrons ab- 
sorbed by fuel element cans, for instance, 
are not available to help sustain nuclear 
fission; therefore this canning material 
must be compensated for by increasing 
the amount of nuclear fuel either through 
larger charges or higher enrichment 
where enriched fuel is used, increasing 
reactor size, fuel cost, and control prob- 
lems. 


TABLE I.—PROPERTIES OF REACTOR MATERIALS. 


18 8 Stainless 
i, Mn, Cb 
Density, g per cucm............ 2.70 1.85 1.74 10.2 4.5 6.5 7.92 
Melting point, 
Bar 660 1300 651 2620 1725 {1830 1399 to 
1421 
1220 2370 1205 4750 3135 |3325 2570 
Thermal expansion coefficient per 
24 12 26 5.5 8.5|4.96 to 16.7 
5.8 
Thermal conductivity, cal per sq : 
cm per sec per deg Cent 
0.54, 0.35} 0.346] low | 0.05} 0.039 
Modulus of elasticity, 10° psi... . . 10 42 6.5 |40 to 50) 16.8) 12 29 
Tensile strength, 10° psi ; 
13 45 32 to 46) 100 80 35 90 
24 32 to 50} 250 122 85 
Temperature above which creep ' 
is an important factor, deg 
150 700 170 850 ... | 500 700 
Thermal neutron absorption j 
cross-section, 10° o abs cm? 


and (f) welding characteristics. Table I 
lists some of the more important proper- 
ties, including neutron absorption, of a 
number of reactor materials. 


Thermal Neutron Cross-Section: 


One of the principal advantages of 
aluminum and magnesium (and _inci- 
dentally beryllium and zirconium) for use 
incide nuclear reactors is their low ther- 
mal neutron absorption cross-section 
when compared with stainless steel and 
other common high density materials. It 
is most desirable that this value be as 
low as possible so that the canning ma- 
terials or other internal parts not spe- 
cifically designated as shielding or con- 


Much developmental work has been 
done on both the aluminum and mag- 
nesium alloy systems to find better 
materials for internal reactor compo- 
nents. Many aluminum alloys have been 
tested for this type of service, since 
aluminum has excellent formability, is of 
low cost, and possesses good nuclear 
properties. 


Mechanical Properties: 


While the thermal neutron absorption 
cross-section of aluminum is many times 
that of magnesium, it does have better 


thermal conductivity and a higher modu- 
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lus of elasticity. Most of the alloy de- 
velopmental work on aluminum appears 
to have centered around aluminum 
nickel alloys (for example, AA alloy 
X8001, a 1 per cent nickel alloy) and 
ultra-high-purity aluminum (AA alloy 
1245). The aluminum-nickel alloys are 
being tested for use in water-cooled 
reactors and have apparently become of 
sufficient importance to warrant atten- 
tion by the various metals specification 
committees. The term “high-purity,” as 
used today for alloys containing more 
than 99.7 per cent aluminum, may be a 
misnomer since certain British investi- 
gators have evaluated the effects of 
micro quantities of certain residuals and 
have, in one instance, referred to a 
“0.1 per cent silicon alloy.” It may be 
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number of other metals, including cal- 
cium, aluminum, and manganese. Many 
experimental alloys have proved un- 
satisfactory because of oxidation re- 
sistance, stress corrosion, alloy decompo- 
sition, or lack of weldability. High-purity 
magnesium (available in purities of 
99.95 and possibly 99.97 per cent) has a 
number of advantages over magnesium 
alloys, but in view of its low oxidation 
resistance and low strength at elevated 
temperature, certain of the alloys are 
more desirable for many applications. 
Where magnesium alloys are used as a 
canning material it is common practice 
to provide a mechanical bond between 
the can and fuel element. This is done 
to prevent destruction of the can from 
repeated cycling and “ratcheting” result- 


TABLE II.—REACTION STARTING TEMPERATURE OF URANIUM AND CANNING 


melts at 660 C (1220 F) 

melts at 650C (1202 F) 

melts at 1300 C (2370 F) 

| alloys above 550 C (1022 F) _ 
rapid above melting point guilty 
rapid above 1300 C (2372 F) 


MATERIAL. 

Aluminum........... forms compound at 175 C (348 F) 
Magnesium.......... no reaction 
Beryllium........... approximately 600 C (1112 F) 

melts at 725 C (1337 F) 
Zirconium........... slow action at 800 C (1472 F) a 
0.0.0 attacks at melting point 
rapid above 1400 C (2550 F) 


that elements considered residuals a few 
years ago will be revealed as worthy of 
precise control in nuclear applications. 
The above statement is true for both 
aluminum and magnesium when weld- 
ability is a consideration, as is always the 
case in the fabrication of fuel elements. 
Micro quantities of silicon and iron have 
been found to have considerable effect 
upon the cracking tendency of high- 
purity aluminum. 

Several magnesium alloys have been 
developed to improve the strength and 
creep properties at reactor service tem- 
peratures. The English report an alloy 

(Magnox A-12, a magnesium, 0.75 per 
— aluminum plus beryllium alloy) 
which shows many desirable character- 
istics under test conditions, including 
wet carbon dioxide at 615 C (1130 F). 
Magnesium has been alloyed with a 

if 


ing from differential thermal expansion 
between the two materials. The desira- 
bility of magnesium in this application is 
best exemplified by Great Britain’s 
Calder Hall Reactor, and modifications 
of this system are now proposed for 
many nuclear power plants throughout 
the world (including our GCPR project). 

In the welding of magnesium it has 
been determined that the calcium con- 
tent can be most troublesome, and the 
specifications for magnesium alloys for 
reactor service may restrict calcium con- 
tent to a much lower value than is 
customary in current industrial specifi- 
cations. ASTM specifications already re- 
flect this thinking in changing calcium 
limits from approximately 0.6 per cent 
to 0.04 per cent maximum or less when 
welding is required. 
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Reaction Between Material and Nuclear 
Fuel: 


Table II outlines the metallurgical 
reactions that can be expected between 
conventional uranium fuel alloys and a 
variety of canning materials. It is im- 
_ mediately evident that aluminum has 
disadvantages because of the formation 
of a compound of aluminum and uranium 
at 175 C (348 F), but this can be in- 
hibited with some success by using buffer 
compounds between the aluminum and 
the uranium fuel material. These buffers 


= 
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peratures between various canning ma- 
terials and a number of reactor coolants.’ 


Reaction Between Material and Reactor 
Coolant: 


It will be noted that aluminum and 
magnesium are satisfactory canning ma- 
terials only when used with nonmetallic 
reactér coolants. Aluminum is also serv- 
iceable in the case of water-cooled re- 
actors at temperatures below 300 C 
(570 F), making it an acceptable canning 
material for research, training, and other 


TABLE IV.—INDUCED ACTIVITIES IN METALS PRESENT IN STRUCTURAL 


MATERIALS, GAMMA RADIOACTIVITY RESULTING FROM NEUTRON 
BOMBARDMENT. 


(Compiled from various sources) 


Element Active Species Half-Life Mev 
50 4.4 27 days 0.32 
55 100.0 Mn* 2.6 hours 2.1 
ee 58 0.33 Fe® 45 days 1.3 
59 100.0 Co® 5.3 years 1.3 
64 1.9 Ni® 2.6 hours 1.5 
63 69.0 12.8 hours 1.34 
Zine { 64 48.9 Zn*® 250 days 1.12 

68 18.6 Zn® 14 hours 0.44 
Zirconium.............. 94 17.4 Zr® 65 days 0.92 
Molybdenum........... 98 23.8 Mo” 67 hours 0.73 
181 100.0 Tal? 111 days 1.2 
186 28.7 wis? 24 hours 0.76 
9 100.0 Be!® 2.7 X years 
23 100.0 15 hours 3.7 
Magnesium............ 26 11.1 Mg” 9.6 minutes 1.01 

27 100.0 2.3 minutes 1.78 


include an aluminum-silicon alloy and 
pure nickel. Unfortunately this silicon 
alloy has low ductility and a. low melting 
point, while nickel is a neutron absorber. 
Magnesium does not react with the fuel 
_ material, but the service temperature is 
_ limited by the melting temperature (as 
is the case with aluminum). In both 
instances the melting temperature is 
somewhat below that of the other ma- 
_ terials listed. In any event, the tempera- 
ture of the fuel element is limited to about 
550 C (1020 F) in both instances. Table 
III shows the maximum allowable tem- 


special low-power water-cooled reactors. 
In the case of gas-cooled reactors, it 
would appear that either aluminum or 
magnesium alloys are serviceable to the 
maximum temperatures attainable with 
many other canning materials. As noted 
before, certain of the gas-cooled reactors 
fabricated in England utilize a mag- 
nesium alloy as the fuel element can with 
an apparently satisfactory service record. 


Induced Radioactivity: 


Table IV lists a few common elements 


*As reported by various authorities; see 


references, p. 216. nn 
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or isotopes likely to be found in, or 
considered for, reactor design. This list is 
incomplete but serves to show the wide 
range of radioactivity that can be in- 
duced in the materials listed and the 
variation in half-life to be expected with 
these induced radioactivities. It is ap- 
parent that any prolonged induced radio- 
activity in magnesium or aluminum 
alloys would be more a function of the 
alloying elements used than of the prin- 
cipal material. Radiation damage to 
aluminum and magnesium is relatively 
slight, and it is readily apparent that a 
favorite alloy system in aluminum would 
be an alloy with magnesium. The ex- 
tremely short half-life of induced radio- 
activity in aluminum and magnesium 
(measured in minutes) contributed to 
the decision to use aluminum as a prin- 
cipal structural material of all early 
nuclear reactors. The rapid decay of in- 
duced radioactivity in aluminum and 
magnesium facilitates the transport, re- 
pair, or examination of items which have 
been irradiated, since one must first 
remove surface contaminants by wash- 
ing or other means, and then set the part 
aside to “cool” preparatory to further 
handling. 


Decomposition Products: 


In addition to induced radioactivity, 
certain alloy systems may be undesirable 
in themselves because of decomposition 
products expected from prolonged ex- 
posure to high levels of radioactivity. 
The appearance of such materials as 
mercury, silicon, or sulfur, or possibly 
lead or bismuth, could contribute to the 
eventual decomposition of an alloy or 
the failure of a part. For this reason cer- 
tain materials or alloying elements likely 
to g e decomposition products of this 
nature are to be avoided. © 


Radiation Effects on Mechanical Prop- 
erties: 


Radiation effects on mechanical prop- 
erties of aluminum alloys most likely to 
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be used in reactor design parallel the 
work hardening effects of cold working. 
Yield strength is increased, with only a 
nominal loss of ductility or increase in 
notch sensitivity. Conceivably, an alu- 
minum vessel of welded construction 
could be “radiation treated” to improve 
its mechanical properties. These effects 
can be reversed by annealing. Mag- 
nesium is similarly affected, but because 
of its kigher notch sensitivity it is con- 
ceivable that a stressed magnesium de- 
sign could become a problem. 


NUCLEAR RESEARCH AND SPECIAL 


REACTORS 


It appears at the present time that the 
greatest applications for aluminum and 
magnesium will be in the building of 
research, training, and other special re- 
actors. Research reactors could, of 
course, include almost any type and any 
size. As used here, the term would include 
those relatively low power installations 
being designed and fabricated for educa- 
tional institutions and various govern- 
ment and private research facilities to 
broaden both our knowledge of reactors 
themselves and our knowledge of the 
reactions of various materials to radio- 
active environments with or without 
simultaneous conditions of high tempera- 
tures and pressures. A number of these 
reactors have been built especially for 
materials testing, and it appears that a 
large number of such reactors will be 
fabricated to provide low-power installa- 
tions for educational institutions con- 
cerned more with the teaching of reactor 
technology than with the testing of 
materials or the generation of power. The 
term “special reactors” may include 
those designed for the irradiation of 
foodstuffs as well as those which provide 
heat, radioactivity, or other environment 
or combination of environments deemed 
desirable in conjunction with special 
chemical processing problems. The light 
metals may be widely used in these 
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lighter types of reactors because of their 
ease of fabrication, light weight, freedom 
from radiation poisoning, good appear- 
ance, and similar reasons. At the present 
time our nuclear requirements, exclusive 
of internal or integral components ex- 
posed to both coolant and high radiation 
fields, will be fabricated from standard 
commercial alloys; however, the develop- 
ment of new alloys providing higher 
strength at elevated temperatures or 
other desirable properties may change 
_ this picture. 


(1) George E. Evans, “Materials,” Nucleonics, 
June 1953. 

(2) “Calder Hall Metallurgical Development,” 
Nucleonics, Dec. 1956. 

(3) J. B. W. Cunningham, “Aspects of Nuclear 
Engineering,” British Welding Journal, 
Oct. 1957. 

(4) J. A. Lucey, A. H. B. Swan, and P. F. 
Wilks, “Some Welding Developments 
Applicable to the Fabrication of Heavy 
Pressure Vessels for Nuclear Power Sta- 
tions,” British Welding Journal, Oct. 1957. 

(5) C. A. Terry, N. H. Shuttleworth, and D. C. 
Moore, “Fabrication of Special Equip- 
ment for the Nuclear Energy Industry,” 
British Welding Journal, Oct. 1957. 

(6) J. V. Dunworth, “The Future of Nuclear 
Power,” British Welding Journal, Oct. 1957. 
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We can be certain that the producers 
and fabricators of the light metals will 
be ever vigilant to find applications for 
these metals. Their advantage of light 
weight, good appearance, workability, 
thermal conductivity, low thermal neu- 
tron cross-section, and freedom from 
radiation poisoning can be depended 
upon to contribute to the ultimate goal 
of all American industry—to manufac- 
ture a superior product at an acceptable 
price. 


SUMMARY 


(7) I. H. Hogg, “Welding Problems in Future 
Reactors,’ British Welding Journal, Oct. 
1957. 
Alvin M. Weinberg, “Engineering Con- 
siderations in Nuclear Reactor Design,” 
Mechanical Engineering, March 1957. 
Harvey A. Wagner, “Standardization 
Problems of a Reactor Designer,’ Me- 
chanical Engineering, March 1957. 
L. M. Wyatt and F. S. Dickinson, “Ma- 
terials and Welding for Nuclear Power 
Fuel Elements,” Welding and Metal Fabri- 
cation, Oct. 1957. 
(11) “Nuclear Reactors,” Product Engineering, 
April 1956. 
(12) “New [Materials by Radiation,” Product 
Engineering, April 1957. 
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REPORT OF COMMITTEE BS 
ELECTRODEPOSITED METALLIC COATINGS* 


Committee B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the year: on October 18, 1957, at 
the Benjamin Franklin Hotel, Phila- 
delphia, Pa., and on February 13, 1958, 
at the Hotel Statler, St. Louis, Mo. 

The membership of the committee 
totals 171, of whom 67 are classified as 
producers, 26 as consumers, 77 as gen- 
eral interest and 15 as consulting mem- 
bers. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, C. H. Sample. 

Vice-Chairman, R. B. Saltonstall. 

Secretary, D. M. Bigge. 

Advisory Committee 
Large, William Geissman. 

The committee is appending to its 
report a “Summary of Observations of 
Factors Influencing Adhesion of Organic 
Coatings to Chromium Plated Surfaces” 
prepared by Section F, Subcommittee V. 


Member-at- 


New TENTATIVES 
The committee recommends for pub- 
lication as tentative the Recommended 
Practice for Cleaning Metals Prior to 
Electroplating, as appended hereto.” 


REVISION OF TENTATIVE 


The committee recommends revi- 
sions as follows of the Tentative Speci- 
fication for Electrodeposited Coatings of 
Nickel and Chromium on Steel (A 166 

* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 See p. 221. 


2 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 2. 


-55T)* and continuation of the speci- 
fication as tentative. 

Table I—Add a Note to Table I to 
read as follows: 


Note.—The thicknesses given in this table 
are based on tests and experience with composite 
coatings in which matte nickel was deposited 
from a Watts type bath and buffed prior to 
conventional bright chromium plating. If these 
conditions are altered, different thicknesses may 
be required to give equivalent performance. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Recommended Practice for the Prepara- 
tion of Copper and Copper-Base Alloys 
for Electroplating (B 281 - 53 T)* be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
without revision. 


REVISION OF STANDARDS, a. 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specifications for Electrode- 
posited Coatings on Copper and Cop- 
per Base Alloys (B 141 - 55):° 


Standard Specifications for Electrode- 
posited Coatings of Nickel and 


31955 Book of ASTM Standards, Part 2. 
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Chromium on Zinc and Zinc Base 
Alloys (B 142 55): 


Section 3.—Add a Note to the table 
of coating thickness, to read as indi- 
cated above for Specification A 166- 
55 T. 


Standard Methods of Test for Local 

Thickness of Electrodeposited Coat- 

ings (A219 -54):> The following 
recommendations are made jointly 

- with Committee A-5 on Corrosion of 
Iron and Steel: 

— Section 4.—Revise to read as follows: 


4. Several alternative tests are in common 
_ use and may be employed by agreement between 
‘the vendor and the purchaser. These include 
dropping and magnetic tests described in Ap- 
pendices I and II, as well as others involving 
the use of magnetic or electromagnetic instru- 
ments, chemical or electrochemical stripping 
tests, or (for heavy deposits) micrometers. 


TABLE I.—TIME REQUIRED FOR 
0.00001 IN. (0.25 4) OF CHROMIUM ON 
, STAINLESS STEEL IN SPOT TEST USING 
SOLUTION CONTAINING 20 g PER 
LITER ANTIMONY TRIOXIDE IN HCl 
(SP GR 1.16). 


(New Table II, Specification A 219-54) 


Temperature 
; Time, sec 
deg Fahr deg Cent 
70 7.0 
75 6.0 
80 5.0 
85 4.0 


_ Nore.—Tables I and II are applicable when 
chromium plate is deposited from the conven- 
tional sulfate-chromic acid solution under 
conventional operating conditions. If these 
procedures are varied it may be necessary to 
recalibrate the test. 


Section 7.—Add to the Note at the 
end of the section the following: “Cav- 
TION: Spot test results may be erratic 
when the chromium is deposited directly 
on copper.” 

Add a new Paragraph (c) to read as 


follows: 
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(c) Test for Thickness of Chromium on Stain- 
less Steel—The test solution contains 20 g per 
liter of antimony trioxide in HCI (sp gr 1.16 + 
0.001 at 60 F). If the basis metal is 18-8 stain- 
less steel, gassing will stop when the endpoint 
is reached. If the basis metal is 17 per cent 
chromium stainless steel, the rate of gas libera- 
tion will change when the endpoint is reached. 
Gas will continue to be liberated until the acid 
is spent or the chromium deposit is dissolved. 
Results are as follows: no black film, no chro- 
mium deposit; black film forms but little or no 
gassing, chromium thickness estimated to be 
0.000003 in. or less. 


New Table.—Add a new Table II as 
shown in the accompanying Table I, 
numbering the present table in Section 
8 as Table I. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 
Tentative Specification for: 


Electrodeposited Coatings of Lead on Steel 
(B 200 - 55 T), and 

Chromate Finishes on Electrodeposited Zinc, 
Hot Dipped Galvanized, and Zinc Die-Cast 
Surfaces (B 201 - 55 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentatives: 


Standard Specifications for Electro- 
deposited Coatings of Cadmium on 
Steel (A 165 — 55):° 


Section 1.—Add a new Note 3 to read 
as follows: 


Notre 3: Toxicity—Cadmium is toxic and 
should not be used as a coating for articles used 
as food or beverage containers, cooking utensils, 
or articles that may come in contact with food 
or beverages. 

Because of the toxicity of cadmium vapors 
and cadmium oxide fumes, cadmium-plated 
articles must not be welded, spot welded, sold- 
ered, or otherwise strongly heated without 
adequate ventilation which will efficiently re 
move all toxic fumes. 


‘ 


nd 
ed 
ls, 
od 


ors 
ed 
ld- 


put 


Tentative Specifications for Electro- 
deposited Coatings of Nickel and 
Chromium on Steel (A 166 — 55 T):° 


Tentative Specifications for Electro- 
deposited Coatings of Nickel and 
Chromium on Zinc and Zinc-Base 
Alloys (8 142 55):* 


Tentative Specifications for FElectro- 
deposited Coatings of Lead on Steel 
(B 200 55 T):? 


Tentative Specifications for Chromate 
Finishes on Electrodeposited Zinc, 
Hot-Dipped Galvanized, and Zinc 
Die-Cast Surfaces (B 201 - 55 T):* 


Footnotes—Revise Footnote 4 con- 
cerning the salt spray test in Specifica- 
tions A166-55T, B 142-55, and 
B 201 - T, and Footnote 5 in Specifica- 
tion B 200-55 T to read as follows: 

Committee B-8 has found that different salt 
spray cabinets operated in accordance with 
ASTM Method B 117 - 49 T failed to give re- 
producible results on replicate panels (see 
Proceedings, Am. Soc. Testing Mats., Vol. 54, 
p. 299 (1954)). Therefore, periods of continuous 
exposure to the salt spray are not specified 
herein. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Papers, Specifica- 
tions and Definitions (F. Ogburn, chair- 
man).—Section B, now under chairman- 
ship of William Safranek, is making 
good progress in preparing a glossary of 
terms used in connection with electro- 
deposition. 

Section D (D. S. Carr, chairman) is 
preparing a specification on industrial 
aickel and chromium coatings. 

Section F (Edward Saubestre, chair- 
man) was established to- continue the 

4 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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investigation of marking coatings to 
indicate compliance with ASTM specifi- 
cations. 

Subcommittee II on Performance Tests 
(W. L. Pinner, chairman).—Section A 
(D. M. Bigge, chairman) will determine 
coating thicknesses on Program 4 panels 
placed on exposure at Kure Beach, N. C., 
on April 28, 1956 and at Detroit, Mich., 
on May 1, 1956. These determinations 
will be made following inspection during 
May, 1958, in order to permit proper 
evaluation of performance data. 

Section C (R. E. Harr, chairman) 
placed cadmium-plated panels on ex- 
posure at Kure Beach, N. C., New York 
City, and Rock Island, Ill. on August 5, 
1957. 

Section F (J. W. Kerstetter, chairman) 
has approval of a program for exposure 
testing of wrought and cast aluminum 
alloy panels plated with copper-nickel- 
chromium. 

Subcommittee III on Conformance 
Tests (R. F. Ledford, chairman).—Sec- 
tion A (A. H. DuRose, chairman) has 
studied data obtained by magnetic gage, 
drop test, and microscopic methods of 
measuring thickness. ASTM specifica- 
tions list the microscopic methods as the 
primary method. The result of the work 
of Section A thus far indicates that the 
microscopic method should not be con- 
sidered as the primary method since the 
stripping method is less subject to error 
and, therefore more reproducible. Sev- 
eral members related similar experiences. 
The Kocour, Dermitron, and Boonton 
instruments are now being investigated. 
Paul Croly was appointed Chairman of 
Section G on Ductility. 

Subcommittee IV on Electroplating 
Practice (Max Frager, chairman).—Sec- 
tion N, under the chairmanship of B. 
Knapp, was established to prepare a 
recommended practice on double nickel 
coatings. 

Section K (Sam Spring, chairman) 
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prepared the proposed recommended 
practice for cleaning metals prior to 
electroplating referred to earlier in this 
report. 

Subcommitiee V on Supplementary 
Treatments (G. E. Best, chairman).—G. E. 
Best replaces Marc Darrin, who served 
faithfully for several years as chairman 
of Subcommittee V. 

A new section is planned to consider 
writing specifications for supplementary 
coatings on aluminum, magnesium, and 
their alloys. Cross-representation with 
Committee B-7 on Light Metals and 
Alloys is planned. 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 171 voting members: 94 
members returned their ballots, of whom 
93 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
C. H. SAMPLE, 


Chairman. 
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F SUMMARY OF OBSERVATIONS OF FACTORS INFLUENCING ADHESION 


OF ORGANIC COATINGS TO CHROMIUM PLATED SURFACES a - 
First Procress Report oF SECTION F ON ORGANIC FINISHES ON PLATED 
f Coatincs, OF SUBCOMMITTEE V ON SUPPLEMENTARY 
TREATMENTS FOR MerTALLIc CoATINGS 


This report summarizes the observa- 
tions that have been made regarding 
factors which influence the adhesion and 
retention of adhesion of (clear) organic 
coatings to chromium plate. The pur- 
pose of this report is to serve as a guide 
for those interested in the use of sup- 
plementary organic coatings on chro- 
mium-plated surfaces. 

In the observations reported below, 
several methods of determining adhesion 
were used. In general, initial adhesion 
was determined by scribing through the 
“4 organic coating to the plated surface and 
measuring adhesion by either the knife 
test or the tape test. Retention of ad- 
hesion was determined after exposing the 
coated chromium-plated articles to out- 
door weathering, to humidity, to water 
immersion, or to salt spray, after which 
the coating was scribed to the plated 
surface and the adhesion determined by 
the knife test or the tape test. 


abs 
SUMMARY OF OBSERVATIONS 


As on any metal surface, the specific 
formulation of the organic coating and 
its application to the plated surface are 
important factors influencing adhesion to 
the chromium plate. However, these 
factors are not within the scope of this 
study. Furthermore, this study is not 
concerned with such properties of the 
organic coating as exterior durability, 
resistance to discoloration, resistance to 
humidity, hardness, and marring, al- 
though these properties are important 
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(fin: 
depending upon the specific service re- 
quirements of the finished article. 

In the following comments, it is as- 
sumed that the organic coating under 
consideration does have good adhesion 
to chromium plate that has been 
plated under ideal conditions and that 
the application of the coating is ac- 
complished in such a manner as to 
develop maximum properties for the 
service intended, that is, applied at the 
proper thickness to form a continuous 
film, properly dried and soon, 

Ideal Conditions: 

The organic coating is applied to a 
plated surface deposited from a homo- 
geneous chromium plating solution in 
which the final rinses are distilled or 
demineralized water and the organic 
coating is applied immediately after the 
plated surface is dried. Under these 
conditions, optimum adhesion and re- 
tention of adhesion under exposure con- 
ditions is obtained. 


Variations from the Ideal Which Affect 
Adhesion: 


1. The time interval between plating 
and coating is important. If the plated 
parts are exposed to plating room atmos- 
phere, that is, humid, acidic, or alkaline 
atmosphere, this time interval must be 
short. General observations indicate 
that longer than 2 to 4 hr exposure to 
plating room atmosphere is detrimental 
to adhesion. If the plated parts are 
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exposed to clean and dry atmosphere 
such as may exist in a coating depart- 
ment area, the time factor is not critical. 
Two days may elapse under such con- 
ditions without affecting adhesion. 

2. Hardness of the Final Rinse 
Waters.—Poor adhesion has been re- 
ported with as little as 2 ppm in the 
final rinses. With chromic acid treatment 
of the chromium plate (described below), 
good adhesion has been reported with as 
high as 170 ppm. 

3. Irregular Additions of Chemicals 
for Chromium Plating Bath Mainten- 
ance.—Poor adhesion has been reported 
immediately following large additions 
of chromic or sulfuric acid or water for 
makeup purposes. However, this has not 
been completely confirmed, especially 
when the plating solution is mixed until 
homogeneous after such additions. It is 
suggested that irregular additions may 
bea cause of poor adhesion if no other 
factors for the poor adhesion are ap- 
parent. 

4. No effect on adhesion has been 
observed with variation in the chromic 
acid to sulfate ratio or in current densi- 
ties in the range normally employed. 

5. Differences in the base metal 
(steel, zinc, or brass) do not affect ad- 
hesion on copper-nickel-chromium plate. 

6. Variations in nickel plate thickness 
do not appear to affect adhesion. A 
flash of nickel is equal to 0.0005 in. of 
nickel. 

7. Adhesion is poorer on chromium 
plated directly on copper without nickel 
than on chromium plated over nickel. 


Effects of Various Treatments of the 
Chromium Plated Surface to Overcome 
Variations from the Ideal: 


1. Sulfuric acid treatment causes poor 
adhesion. A quick dip in hydrochloric 
acid results in poor adhesion. Contra- 
dictory results have been reported with 
phosphoric acid treatment. 

2. Vapor degreasing does not improve 
adhesion. 
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3. Dilute chromic acid treatment is 
the most effective. This consists of im- 
mersing or spraying with a solution 
consisting of 2 to 4 oz of chromium oxide 
per 100 gal of demineralized or distilled 
water. Variables in the treatment affect 
adhesion as follows: 

(a) Temperature variations between 
140 and 180 F do not influence results. 

(6) Variations in treating time be- 
tween 10 sec and 2 min have no effect. 
Both treating times are satisfactory. 

(c) Low solution temperatures such 
as 110 F are reported to be less ef- 
fective than 140 F. 

(d) Sulfate contamination of the 
solution, which may occur if plating 
solution is used to prepare the dilute 
chromic acid solution or if dragout 
occurs, requires longer treating time; 2 
min is more effective than 10 sec. 

(e) The final rinse after treatment 
with dilute chromic acid is important. 
Demineralized water should be em- 
ployed. If the final water rinse has a 
pH above 7, poor adhesion will result. 
Without a rinse, visible chromic acid 
stains occasionally occur; such stains 
result in poor adhesion. 

(f) The time interval between treat- 
ment and coating is important. 
Shorter times produce the best results, 
as noted above. 


On Buffed Chromium Plate: 


1. Vapor degreasing, washing with 
hydrocarbon solvent or alcohol, or 
alcohol containing traces (100 ppm) of 
chromium oxide are not effective in ob- 
taining adhesion. 

2. Electrocleaner followed by dilute 
chromic acid treatment as described 
above is necessary to obtain adhesion. 


Respectfully submitted on behalf of 
Section F of Subcommittee V, 


F. L. Scort, 
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REPORT OF COMMITTEE B-9 


wily ON 


‘METAL POWDERS AND METAL POWDER PRODUCTS* 


Committee B-9 on Metal Powders 
and Metal Powder Products held one 
meeting during the year: in New York 
City on February 21, 1958. 

The officers and members-at-large of 
the Advisory Committee elected for the 
ensuing term of two years are as follows: 

Chairman, J. L. Bonanno. <n 

Vice-Chairman, H. R. Biehl. 

Secretary, C. G. Johnson. 

Advisory Committee Members-at- 
Large: G. L. Bibbins, H. B. Huntress, 
F. V. Lenel, and G. L. Werley. 


NEw TENTATIVES 


The committee recommends for pub- 
lication as tentative the following meth- 
ods 2s appended hereto:' 


Tentative Methods of Test for: 

Density and Interconnected Porosity of Sintered 
Powder Metal Structural Parts and Oil- 
Impregnated Bearings, 

Average Particle Size of Refractory Metals and 
Compounds by Fisher Subsieve Sizer, 

Apparent Density of Refractory Metals and 
Compounds by Means of the Scott Volumeter, 
and 

Determination of the Compressibility of Metal 
Powders. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentativ Specifications for Metal Pow- 
der Sintered Bearings (Oil Impreg- 
nated) (B 202-55 T): 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 3. 
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Section 5.—Replace the present Para- 
graphs (6) and (c) with the following 
new Paragraph (6): 

(b) Density shall be determined in accordance 
with the Methods of Test for Density and Inter- 
connected Porosity of Sintered Powder Metal 


Structural Parts and Oil-Impregnated Bearings 
(ASTM Designation: B 328.” 


Section 6—Delete the entire section 
and replace with the following: “6. 
Porosity in terms of interconnected void 
space shall not be less than 18 per cent 
for all classes when determined in ac- 
cordance with ASTM Method B 328.” 


Tentative Specifications for Sintered 
Metal Powder Structural Parts from 
Bronze (B 255 — 54 T)? 


Section 5 (c)—Revise to read as indi- 
cated above for new Paragraph (6) in 
Section 5 of Specifications B 202. 

Section 6 (b).—Delete the entire Para- 
graph (6) and replace with “(6) The 
porosity shall be determined in accord- 
ance with ASTM Method B 328.” 

Section 7—Change the heading to 
read “Mechanical Properties.” In the 
third line and in the Note change the 
words “physical properties” to read 
“mechanical properties.” 

Section 8—Change the last sentence 
of Paragraph (}) to read: “In order to 
obtain oil-free chips, the pieces selected 
for test shall have, if necessary, the oil 
extracted in accordance with ASTM 
Method B 328.” 

In the heading and in the last line of 
Paragraph (c) change “physical” to read 


“mechanical.” 
h 
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Section 12—Change to read “12. 
Unless otherwise specified, rejection 
based on tests made in accordance with 
these specifications shall be reported to 
the manufacturer.” 

Appendix —In Paragraph A1 delete 
the last sentence. 


‘Tentative Specifications for Sintered 
Metal Powder Structural Parts from 
Brass (B 282 - 53 T)? 


Section 5 (c).—Delete this paragraph 
and replace with the following: 


(c) Density measurements shall be made in 
accordance with the Method of Test for Density 
and Porosity of Sintered Powder Metal Struc- 
tural Parts and Oil-Impregnated Bearings 
(ASTM Designation: B 328). 


Section 6 (b).—Delete this paragraph 
and the Note and replace with the 
following: 


: (6) Porosity of class A brass shall be calculated 
t accordance with Method B 328. 


Section 7 (a).—In the heading, the 
third line, and in the Note change 
“physical properties” to read “mechani- 
cal properties.” Before the last sentence 
insert a new sentence to read “Hardness 
on specified areas of the part can be 
determined by either the conventional 
Brinell hardness test or by the Rockwell 
hardness test employing the H scale 
({-in. diameter ball, 60-kg load).” 

Section 8—Change the last sentence 
of Paragraph (6) to read: “In order to 
obtain oil-free chips, the parts selected 
for test shall have the oil extracted in 
accordance with ASTM Method B 328, 
if necessary.” 

In the heading and the fifth line of 
Paragraph (c) change “physical tests” 
: to read “mechanical tests.” 

Section 12—Replace with “12. Unless 
otherwise specified, rejection based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer.” 

A ppendix.—Delete the Appendix and 
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replace with the following, adding a new 
Table II as shown in the accompanying 
Table I: 


Ai. Data for the mechanical properties of 
sintered brass molded specimens are given in 
Table II. The data do not constitute a part of 
the specifications. They merely indicate to the 
purchaser the mechanical properties of which 
these materials are capable from special subsize 
tension and compression specimens conforming 
to the density and chemical composition require- 
ments specified. The tensile values represent 


TABLE I.—TYPICAL MECHANICAL 
PROPERTIES. 
(New Table II, Specification B 282) 


Yield 

Density, Elongation) Rockwell 
& per Strength, | 1in., | Hardness, sion, 0.1 
cu cm psi *| percent | H scale per out 
offset, psi 

20 000 9.0 64 10 000 
Pe: 23 000 10.0 70 12 000 
5 ere 27 000 13.0 85 14 000 


specimens molded to the size specified for the 
ASTM unmachined flat tension bar and the 
machined round tension bar. The compression 
tests are run on molded specimens with a 
diameter of 3 in. and a length of 3 in. The Rock- 
well H scale hardness readings were taken on 
the grip ends of ASTM unmachined flat tension 
bars in the as-sintered condition. 

A2. Hardness values, as determined by con- 
ventional Brinell or Rockwell H scale tests, have 
been found useful in product control and afford 
relatively good correlation with density and 
tensile strength if they are determined on parts 
in the as-sintered condition. For parts used in 
the as-sintered condition or after having been 
sized only very lightly, hardness may therefore 
be used as a qualification test as outlined in 
Section 7(a). In this case, the specific area or 
areas of the part on which the hardness require- 
ments must be met shall be carefully specified. 


Tentative Specifications for Copper- 
Infiltrated Iron Parts (B 303 — 55 T):” 


Section 5 (c)—Replace this para- 
graph with the following: 


(c) The density shall be determined in the 
same manner as porous materials to avoid errors 
that may occur in parts which may not be com- 
pletely copper infiltrated. It shall be determined 
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in accordance with the Methods of Test for 
Density and Interconnected Porosity of Sintered 
Powder Metal Structural Parts and Oil-Impreg- 
nated Bearings (ASTM Designation: B 328). 


Section 6.—In the heading and in the 
third line change “physical properties” 
to read ‘“‘mechanical properties.” 

Section 7—Change the last sentence 
of Paragraph (6) to read: “In order to 
obtain oil-free chips, the parts selected 
for test shall have the oil extracted in 
accordance with ASTM Method B 328, 
if necessary.” 

In the heading and in the fifth line of 
Paragraph (c), change “physical tests” 
to read ‘‘mechanical tests.” 

Section 11—Change to read “11. Un- 
less otherwise specified, rejection based 
on tests made in accordance with these 
specifications shall be reported to the 
manufacturer.” 

Appendix—In the sixth line, change 
“physical properties” to read ‘“mechani- 
cal properties.” 


Tentative Specifications for High Den- 
sity Iron, Sintered Metal Powder 
Structural Parts (B 309 — 56 T):* 


Section 5 (c)—Change to read as indi- 
cated above for new Paragraph (0) in 
Section 5 of Specifications B 202. 

Section 7 (b)—Change the last sen- 
tence to read: “In order to obtain oil- 
free chips, the parts selected for test 
shall have the oil extracted in accordance 
with ASTM Method B 328, if neces- 
sary.” 

Section 11—Change to read: “11. 
Unless otherwise specified, rejection 
based on tests made in accordance with 
these specifications shall be reported to 
the manufacturer.” 


Tentative Specifications for Low and 
Medium Density Iron, Sintered Metal 
Powder Structural Parts (B 310- 
56 T):* 


31956 Supplement to Book of ASTM 


Standards, Part 2. 
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Section 5 (c).—Change to read as indi- 
cated above for new Paragraph (6) in 
Section 5 of Specifications B 202. 

Section 6 (b).—Delete this paragraph 
and the Note following it and replace 
with “(b) The porosity shall be deter- 
mined by ASTM Method B 328.” 

Section 8 (b).—Change the last sen- 
tence to read: “In order to obtain oil- 
free chips, the parts selected for test 
shall have the oil extracted in accor- 
dance with ASTM Method B 328, if 
necessary.” 


Tentative Method of Test for Green 
Strength of Compacted Metal Pow- 
der Specimens (B 312 - 56 T):* 


Section 3 (a).—Change to read as fol- 


lows: 


3. (a) Lubrication is performed by rinsing the 
die wall with the lubricant (a mixture of 100 g of 
zinc stearate in 1 liter of methyl chloroform, 
1,1, 1-trichloroethane). Immediately drain the 
die, dry, and fill with the powder to be tested, as 
described in Paragraphs (6) and (c). 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Method of Test for Density 
of Cemented Carbides (B 311-56 T)® 
be approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 


REVISIONS OF STANDARD, ‘ 


IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specifications for Sintered 
Metal Powder Structural Parts 
(B 222 — 52):? 


Section 5 (c)—Change to read as 
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indicated above for new Paragraph (bd) 
in Section 5 of Tentative Specifications 
B 202. 

Section 6 (b)—Change to read: “The 
porosity shall be determined by ASTM 
Method B 328.” 

Section 7 (a)—In the heading, the 
third line, and in the Note change 
“physical properties” to read “mechani- 
cal properties.” 

Section 8—Change the last sentence 
of Paragraph (6) to read: “In order to 
obtain oil-free chips, the parts selected 
for test shall have the oil extracted in 
accordance with ASTM Method B 328, 
if necessary.” 

In the heading and in the last line of 
Paragraph (c), change “physical tests” 
to read ‘‘mechanical tests.” 

Section 12—Change to read: “Unless 
otherwise specified, rejection based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer.” 

A ppendix.—Delete the last sentence. 


Standard Definitions of Terms Used in 
Powder Metallurgy (B 243 — 55):° Add 
the following new definitions: 


K-Factor.—The strength constant in the for- 
mula for Radial Crushing Strength of a plain 
sleeve specimen of sintered metal. See also 
Radial Crushing Strength; see also ASTM 
Specifications B 202. 

Radial Crushing Strength.—The relative ca- 
pacity of a plain sleeve specimen of sintered 
metal to resist fracture induced by a load 
applied between flat parallel plates in a 
direction perpendicular to the axis of the 
specimen. See ASTM Specifications B 202. 

Infiltration.—A process of filling the pores of a 
sintered, or unsintered, compact with a metal 
or alloy of lower melting point. 


( 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing standards: 


Standard Method 


Test for Apparent icde of Metal Powders 
(B 212 - 48), 

Test for Flow Rate of Metal Powders 
(B 213 — 48), and 

Sampling Finished Lots of Metal Powders 
(B 215 — 48). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of of the ba 
ing tentatives: 

Tentative Method for: 
Subsieve Analysis of Granular Metal Powders by 
Air Classification (B 293 — 54 T). 


Tentative Recommended Practice for: 


Hardness Testing of Cemented Carbides 
(B 294 -54T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ADVISORY COMMITTEE ACTIVITIES 


The Advisory Committee held two 
meetings during the year. A number of 
committee personnel changes were ap- 
proved. Mr. W. Babington was ap- 
pointed to represent Committee B-9 on 
Committee E-11 on Quality Control of 
Materials. Mr. John Redmond was ap- 
pointed Chairman of III-C upon the 
resignation of Mr. Engle. An Editorial 
Subcommittee consisting of Mr. Bab- 
ington, Chairman, M. Bozsin, and Fritz 
V. Lenel was formed. This subcommittee 
is charged with editing all specifications 
before their submission to the Society 
for publication. It was decided to pub- 
lish the specifications under the juris- 
diction of Committee B-9 in a separate 
bound volume. Harold Biehl was asked 
to prepare an article on B-9 research 


4 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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activities for the 1958 ASTM publica- 
tion research. Committee B-9, 
through the efforts of M. H. Meighan, 
is aiding the Society of Automotive 
Engineers in the preparation of informa- 
tion and specifications for the SAE 
Handbook. Further expansion of the 
work of Committee B-9 into various 
facets of industry where powder metal- 
lurgy plays a part is being explored. 
Subcommittee III-A will consider the 
field of steelbacked bearings. 


ACTIVITIES OF SUBCOMMITTEES 


_ The eight active subcommittees and 
sections of the committee met twice 
during the year; in Chicago, Ill. on 
November, 1957, and prior to the main 
committee meeting in New York City 
on February 20 and 21, 1958. 

Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman) 
revised the present glossary (B 243 — 55), 
adding three terms and definitions re- 
ferred to earlier in this report. Still 
under consideration is a name for the 
end-product of the powder metallurgy 
industry. Action is continuing on the 
analysis of technical data as it affects 
the value of specifications such as 
B 222 — 52, and it is expected work will 
continue on a broader basis than hereto- 
fore. 

Subcommittee II on Metal Powders 
(J. B. Haertlein, chairman): 

Section A on Base Metal Powders 
(J. B. Haertlein, chairman) drafted the 
proposed Tentative Method of Test for 
Determination of Compressibility of 
Metal Powders, which is being sub- 
mitted to the Society for publication. A 
study is being made of furnaces and 
controls necessary in order to stand- 
ardize methods for the sintered proper- 
ties of metal powders. The need for 
compressibility data in the high-pressure 
range has prompted this committee to 
appoint a task group charged with the 
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duty to investigate and gather data on 
this problem. 

Section B on Refractory Metal Pow- 
ders (W. H. Bleecker, chairman) pre- 
pared and submitted for publication by 
the Society the Method of Test for 
Average Particle Size of Refractory 
Metals and Compounds by Fisher Sub- 
sieve Sizer and the Method of Test for 
Apparent Density of Refractory Metals 
and Compounds by Means of the Scott 
Volumeter referred to earlier in this re- 
port. A task force working with Refrac- 
tory Group 2 of Committee E-3 is 
working on a procedure for analysis of 
nonvolatile matter. The subcommittee 
will continue work on the turbidimetric 
method and on microscopic techniques 
for particle size. 

Subcommittee III on Metal Powder 
Products (R. P. Koehring, chairman): 

Section A on Bearings (M. H. 
Meighan, chairman) voted the reten- 
tion as tentative of the Specifications 
for Metal Powder Sintered Bearings 
(Oil Impregnated) (B 202-55 T) with 
the revisions referred to earlier in this 
report. Correlation of A-factor, micro- 
structure, and machinability of sintered 
bronze bearings is progressing satisfac- 
torily. A proposed size list for flanged 
sleeve-type bearings and for washers 
has been prepared and will be submitted 
to the subcommittee for letter ballot. A 
task group is working to submit more 
definite limits for copper content of type 
II class B material than the present 5 
to 30 per cent copper range contained 
in Specification B 202 —- 55 T. This com- 
mittee will carry on research into the 
need for specifications in the field of 
sintered bronze on steel bushings and 
washers. 

Section B on Structural Parts (P. J. 
Shipe, chairman) prepared the Method 
of Test for Density and Interconnected 
Porosity of Sintered Powder Metal 
Structural Parts and Oil-Impregnated 
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Bearings referred to earlier in the re- 
port. This committee plans to draft an 
introductory educational preface for 
specifications. Upon evaluation of ques- 
tionnaires regarding mechanical data it 
was decided there was no need to up- 
grade mechanical properties data at this 
time. A program is under way to expand 
specifications covering high-density iron 
parts. Also, a study is being made of 
surface finish of sinterings and methods 
of measuring surface finish of metal 
powder products. 

Section C on Cemented Carbides 
(J. C., Redmond, chairman) is drafting 
an introductory educational preface for 
specifications. Upon evaluation of ques- 
tionnaires relative to mechanical proper- 
ties data contained in specifications pre- 
pared by this subcommittee, it was 
decided there was no need to upgrade or 
change these data at present. Also, a 
study is being made of surface finish and 
methods of measuring surface finish of 
metal powder products. 

Three task groups have been appointed 
to study hardness testing, physical prop- 
erties, and metallographic characteristics 
of carbides. 

Section D on Friction Materials (H. 
B. Huntress, chairman) has developed 
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specifications for hardness, density, and 
transverse rupture strength. A second 
round of friction testing using standard 
specimens is being carried out with the 
objective of writing a standard proce- 
dure for testing for friction properties of 
sintered metal friction materials. Specific 
heat, thermal conductivity, melting 
point, and corrosivity are all facets rela- 
tive to preparing specifications which 
will require evaluation by this subcom- 
mittee. 

Section E on Machinable Heavy 
Metals (A. S. Doty, chairman) has pre- 
pared for publication a specification for 
machinable high-density tungsten-nickel- 
copper alloys which is now being re- 
viewed by the Editorial Committee. 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 79 members; 56 members re- 
turned their ballots, of whom 53 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. L. BONANNO, 


Chairman, 
C. G. JoHNsON, 
Secretary. 
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The Advisory Committee held two 
meetings during the year: on June 20, 
1957 at Atlantic City, N. J., and Novem- 
ber 25, 1957, at ASTM Headquarters, 
Philadelphia, Pa. 


PERSONNEL 


Committee D-15 on Engine Anti- 
freezes has asked to be represented on the 
Advisory Committee and has appointed 


R. E. Vogel and C. H. Sweatt as repre- 
sentatives. New committee representa- 


tives are as follows: for Committee A-3, 
T. E. Eagan replaces D. E. Krause; for 
Committee A-5, H. F. Hormann replaces 
Marc Darrin; for Committee A-7, W. 
M. Albrecht succeeds W. A. Kennedy; 
for Committee A-10, L. L. Wyman re- 
places F. L. LaQue; for Committee C-19, 
T. P. Pajak replaces George Gerard; 
for Committee D-14, J. E. Rutzler re- 
places R. F. Blomquist; for Committee 
D-19, F. L. LaQue succeeds F. N. 
Alquist; and, for Committee D-20, J. H. 
Gibbud is the alternative member rather 
than H. A. Perry as given in the 1957 
report. Committee B-4 has discontinued 
its representation. 

Mr. C. P. Larrabee has been recom- 
mended for reappointment as a member- 
at-large for a three-year term from June, 
1958. 


STaTuS OF ATMOSPHERIC 
EXPOSURE PROGRAMS 


Committee A-5 on Corrosion of Iron and 
Steel: 


A new program on testing hardware, 
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which will supplement the earlier pro- 
gram begun 28 years ago and still contin- 
uing at the State College (Pa.) Test Site, 
will be started this year. Approximately 
750 flat, bent, and round specimens made 
of carbon steel, four low-alloy steels, and 
two nodular irons in the bare condition 
and coated with hot-dipped, sprayed, 
and electrodeposited zinc, and _hot- 
dipped and sprayed aluminum will be 
tested. These specimens will be exposed 
at Newark, N. J., and at the 80- and 
800-ft test sites at Kure Beach, N. C. 
Data to be obtained from the exposure 
will include pit depth and time to coating 
failure over a period of 20 years. 
Committee A-7 on Malleable Iron Cast- 
ings: 


A series of 1620 malleable iron plates 
are being exposed at the test sites lo- 
cated at Point Reyes, Calif., East Chi- 
cago, Ind., New York Area (Newark, 
N. J.), Kure Beach, N. C., and State 
College, Pa. This program includes 600 
standard malleable, 600 pearlitic malle- 
able, 240 nodular iron, and 180 steel 
specimens. Half of the cast plates will 
be exposed with completely machined 
surfaces, half with as-cast surfaces. The 


"pearlitic malleable plates will be of both 


low and high combined carbon types. 
One group of nodular plates is as-cast, 
the other heat-treated. The wrought 
plates are of structural carbon copper- 
bearing, and low-alloy steels. Specimens 
will be measured for loss in weight and 
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will be on exposure for periods of 1, 
3, 7, and 12 years. 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys 


A large exposure program to determine 


-] : 
| 
the corrosion characteristics of currently 


1 
_C., and Point Reyes, Calif. The speci- 
mens will be used to determine change 


- on exposure at State College, Pa., 


produced wrought stainless-steel prod- 
pore will be placed on exposure during 
1958 at the New York Area (Newark, 
N. J.), Columbus, Ohio, State College, 
‘Pa. Freeport, Tex., and the 80- and 
mee test sites at Kure Beach, N. C. 
Over 5000 stainless steel panels and 
coiled wire springs were prepared to de- 
termine changes in tensile and fatigue 
strength and appearance over the 15-yr 
exposure period of the test. 


Committee B-3 on Corrosion of Non-Fer- 
rous Metals and Alloys: 


A large program is being undertaken 
which will involve exposure of 60 speci- 
mens each of 74 commercially produced 
_ alloys to be placed on exposure at State 
” College, Pa., New York Area (Newark, 
_N. J.), the 80-ft site at Kure Beach, N. 


in weight and strength due to atmos- 
pheric corrosion, and the depth of pits 
will be measured. The exposure will be 
for periods of 1, 2, 7, and 20 years. 

Specimens of two magnesium alloys 
coupled to other metals are now being 


couple arrangement which is expected to 

give more definitive results than the 

disk-type couples. These will be placed 

New 
York Area (Newark, N. J.), and the 80- 

and 800-ft sites at Kure Beach, N. C. 
for 15 years. 


7 assembled to test a bolted galvanic 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


The data from 3 years atmospheric 


a exposure of aluminum and magnesium 


1 See p. 194. 
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sand and permanent mold castings are 
published in the 1958 Annual Report 
of Committee B-7.! Specimens exposed 
for 5 years have been withdrawn and are 
under evaluation. 


Committee B-8 on Electrodeposited Metal- 
lic Coatings: 


A series of 780 chromated cadmium- 
plated panels representing 14 test films 
has been placed on exposure at test 
sites at Rock Island, Ill., New York Area 
(Bell Telephone Laboratories, N. Y.), 
and the 800-ft site at Kure Beach, N. C. 
This program is designed to establish 
standards for the evaluation of the addi- 
tional protection afforded by various 
types of chromate films. A portion of the 
test panels is provided with buttons of 
dissimilar metals for study of galvanic ac- 
tion as influenced by the chromate film. 

An inspection of the copper-nickel- 
chromium and nickel-chromium Pro- 
gram 4 panels was made in 1956 and 
1957. These data are being evaluated: 
to determine the effect of a nickel strike 
and a copper strike under bright nickel, 
to determine the effect of chromium 
thickness over nickel (and, insofaras pos- 
sible, the effect of residual stress of the 
chromium), to determine the effect of 
buffing nickel, and to compare buffed 
Watts nickel with bright nickel. 


Committee C-19 on Structural Sandwich 
Construction: 


Some specimens from the second sand- 
wich panel test program started in 1957 
are being removed for examination and 
testing. The first sandwich panel test 
program was begun in 1955 and com- 
pletely removed in 1958 for examination 
and testing. A report on the data from the 
first test program is in preparation. 


Status OF Corrosion TEST METHODS 
Committee D-10 on Shipping Containers: 


A method to measure the corrosive, 
staining, or tarnishing characteristics of 
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SPPOINT REYES, CALIF 1 COLUMBUS, OHIO 
Sonte Cruz, Colif sot 
ibantes eslie test 


FREEPORT, TEXAS init 
Sites avoilable for general exposure tests 
* Sites for wire ond fence tests . » 
Fic. 1.—Location of Test Sites Maintained by the Advisory Committee on Corrosion. F 
i 


TABLE I.—ASTM ATMOSPHERIC EXPOSURE SITES AVAILABLE FOR GENERAL 
TESTS. 


Urban or Moderate Industrial Atmosphere ...| Columbus, Ohio (40°00’N-83°01/W) grisea 
Industrial East Chicago, Ind. (41°37’N-87°29’W) 
Severe Industrial Atmosphere.............. Pittsburgh, Pa. (40°27’N-80°01’W) 
New York Area: 
Bell Telephone Laboratories, N. Y. (40°44’N- 
74°00’W) 
"Woe Port Authority Building, N. Y. (40°44’N- 
74°00’W) 
ish to Newark, N. J. (40°42’N-74°11’W) 
West Coast Marine Atmosphere............ Point Reyes, Calif. (38°05’N-122°57’W) 
East Coast Marine Atmosphere............. Kure Beach, N. C., 800-ft site (34°00’N-77°54’W) 
East Coast Marine Atmosphere, Beach Ex- 
Kure Beach, N. C., 80-ft site (34°00’N-77°54’W) 
Gulf Coast Freeport, Tex. (28°53’N-95°22’W) 
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cushioning materials is being proposed. 
This method entails the stacking of al- 
ternate specimens of the cushioning ma- 
terial between a variety of ferrous and 
non-ferrous metals, porcelain-enameled, 
and organic-coated metals. The stacked 
materials are subjected to high relative 
humidity at approximately 120 F for a 
period of 14 days. Comparative data of 
other similar methods are being studied. 


Committee D-15 on Engine Antifreezes: 


A reservoir equivalent in size and ma- 
terial to an automobile engine block is 
now being manufactured for an inter- 
laboratory collaborative study. This 
reservoir, coupled with an automobile 
: radiator and water pump, will be used 
for the mechanical bench equipment cor- 
rosion test now under development by 
the committee. This method will supple- 
ment the Method for Glassware Corro- 
sion Test for Engine Antifreezes (D 

, 1384). 


ASTM Test Site PRoGRAM 


Over 50 years have elapsed since the 
first atmospheric exposure test program 
was started under the auspices of ASTM. 
In October, 1906, Committee E on 
_ Preservative Coatings for Iron and Steel 
applied 57 different paints to 2 spans of 
the Pennsylvania Railroad deck truss 
bridge at Havre de Grace, Md. Since that 
time, ASTM committees have utilized 
“some 60 atmospheric test sites, 6 fresh 
and sea water immersion test sites, and 
7 indoor test locations. 
Presently, the Advisory Committee, in 
_ addition to coordination of corrosion in- 
vestigations, researches, and test proce- 
_ dures of other committees of the Society, 
‘s charged with the responsibility of 
maintaining 17 test sites whose location 
in the United States is shown in Fig. 1. 
Eight of these test sites are for the ex- 
clusive use of the Committee A-5 wire 
and fencing test program. Two addi- 
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tional test sites at Kure Beach, N. C., 
which are administered by the Interna- 
tional Nickel Co., makes a total of 12 
sites available for use by ASTM Com- 
mittees. 

The International Nickel Co. has also 
made available to ASTM committees 
the facilities for exposing specimens at 
half-tide level and fully submerged in 
sea water at the Harbor Island Test 
Station, Wrightsv_tle Beach, N. C. 

Canadian test sites extending as far 
north as 65 deg latitude are available to 
the Society through cooperative arrange- 
ments with the National Research 
Council of Canada. Use of Canal Zone 
test sites as far south as 9 deg latitude 
have been arranged through the U. S. 
Naval Research Laboratories, Washing- 
ton, D. C. 

The twelve ASTM test sites which are 
available for general use by ASTM com- 
mittees are listed in Table I and inform- 
ation about each follows. The atmos- 
pheric exposure test programs which have 
been carried out at these sites are listed 


in Table IT. a 


State College, Pa.: 


This rural site was established in 1925 
and is located one mile north of State 
College, Pa. (elevation, 1175 ft). The 
specimens are mounted 30 deg from the 
horizontal and face SE at an azimuth of 
147 deg. 


Columbus, Ohio: 


This urban or moderate industrial test 
site was established in 1950 and is lo- 
cated on the roof of the 7th Ave. Build- 
ing, Battelle Memorial Inst. (elevation, 
815 ft). The specimens are mounted at 
30 deg from the horizontal and face 
due south. 


East Chicago, Ind.: 


This site was established in 1951 as 
an industrial site typical of the Middle 
West. Since no calibration studies have 
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been conducted at this site, it is assumed 
to be severe industrial in character. This 
test site is in an open field bordering the 
Calmet River 4.2 miles southwest of Lake 
Michigan (elevation, 600 ft). The spec- 
imens are mounted at an angle of 30 
deg from the horizontal and face due 
south. 


Pittsburgh, Pa.: 


The present severe industrial Pitts- 
burgh test site is only of limited extent 
and is located on the roof of the Williams 
and Co. building, Galveston and Penn- 
sylvania Ave., Pittsburgh, Pa. (eleva- 
tion, 750 ft). This is the fifth site in the 
Pittsburgh area. This area was origin- 
ally chosen for its severely corrosive at- 
mosphere high in SO: . Recent large-scale 
substitution of natural gas for coal and 


smoke abatement programs have 
changed the corrosivity of the atmos- 
phere. 


The first test site was located on the 
-grounds of the Carnegie Technica 
Schools where Committee A-5 mountec 
wire and fencing in September, 1908. 
The second site was at Fort Pitt Arsenal, 
where Committee A-5, in December, 
1916, placed a series of corrugated steel 
and iron sheets. This test was completed 
in March, 1923. The third test site, on 
Brunot Island (Duquesne Light Co.), 
was established in 1926 and was discon- 
tinued in 1951. Committees A-5 and 
B-3 established programs here and in 
1951 the Committee A-5 sheet tests 
were discontinued. The wire’ tests were 
transferred to the U. S. Bureau of 
Mines. The fourth test site was estab- 
lished on the roof of the Bureau of 
Mines in 1938. Committee A-5 main- 
tained programs at this site and moved 
the specimens in 1952 to the present 
location at Williams and Co. Specimens 
face in two directions, SSE and NNW. 


‘Bell Telephone Laboratories, New York, 


. Panel specimens face SSE at an 
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azimuth of 154 deg and are located on the 
rocf of the Bell Telephone Laboratories 
in downtown New York City in an 
area of severe industrial exposure. 


ans j 


Port Authority Building, 

In 1948 an area on the 16th floor 
roof of the New York Port Authority 
Building was set aside as a _ severe 
industrial site. Since then, a heliport 
has been constructed adjacent to and 
10 ft above it which will reduce its 
usefulness as a test site. The specimens 
are mounted at an angle of 30 deg from 


New York, 


Fic. 2.—Test Site at Point Reyes, Calif., 
Looking West Toward the Pacific Ocean. 


the horizontal and face SSW at an azi- 
muth of 210 deg behind a 10-ft parapet 
wall. 


Newark, N. J.: 

This severe industrial test site was 
established in 1956 to replace the Port 
Authority test site. The specimens are 
mounted at an angle of 30 deg from the 
horizontal and face the SSW at an azi- 
muth of 193 deg (elevation, 11 ft). 


Point Reyes, Calif.: 

Point Reyes test site (see Fig. 2) was 
established in 1950 and is located 1930 
ft from the Pacific Ocean behind low 
hills covered with salt grass and bushes. 
The specimens are mounted at an angle 
of 30 deg from the horizontal and face due 


? 
‘ 

2 . 


west, toward the Pacific. The atmosphere 
here is characterized by salt spray and 
condensation exposure due to westerly 
winds and dense fogs which keep the 
specimens moist during most of the 
winter. In summer the area is very dry 
by day with frequent heavy fogs at 
night. 


Kure Beach, N.C.: 


The two exposure sites at Kure 
Beach (see Fig. 3) are under the direc- 
tion of the International Nickel Co. 
and are located on the Cape Fear 
Peninsula 17 miles southeast of Wil- 


Fic. 3.—Test Sites at Kure Beach, N. C. 
(800 and 80 ft from the beach), Atlantic 
Ocean in the Foreground. 


mington, N. C. One test site is approxi- 
mately 800 ft and the other approxi- 
mately 80 ft from the Atlantic Ocean. 
The specimens are mounted 30 deg from 
the horizontal and face south at an azi- 
muth of 177 deg at the 800-ft site. At the 
80-ft site, the specimens parallel the beach 
at an azimuth of 110 deg. The 80-ft site 
is characterized by sea water spray 
falling directly on the test specimens. A 
discussion of the corrosive properties of 
these sites is to be found in the 1957 
Edgar Marburg Lecture (36). 


Freeport, Tex.: 


In 1952 a test site was established on 
the Brazos River 3900 ft northwest of 
the Gulf of Mexico (see Fig. 4). The spec- 


On CoRROSION 235 


imens are mounted at 30 deg from the 
horizontal and face southeast (azimuth 
of 144 deg). The climate in this area is 
noted for its consistently high humidity. 
The daytime relative humidity varies 
between 85 and 93 per cent in the 
summer and averages 80 per cent in the 
winter. The night-time humidity is 
almost 100 per cent all year with fre- 
quent heavy dews. 


Tucson, Ariz.: 

In 1931, a test site at Pheonix was 
established (for data on two Committee 
B-3 programs here, see Reference (14)); 


_— — 


Fic. 4.—Test Site on the Intracoastal Water- 
way at the Brazos River near Freeport, Tex., 
Gulf of Mexico in the Background. 

Black fence outlines test site area. 


however, the test site had to be discon- 
tinued in 1950. In order to have available 
a dry desert atmosphere for ASTM 
exposure programs, another test site 
was established in 1952, two miles 
west of Tucson in an area with low 
shrubs on the Southwestern Forest and 
Range Experiment Station located on 
the eastern edge of the Coronado 
National Forest (elevation, 2560 ft). 
One acre is available for ASTM use. 
To date no construction has been made. 


Respectfully submitted on behalf of 
the committee, 
K. G. Compton, 
Chairman. 
S. F. Erris, 


Secrelary. 
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(1) Report of Committee A-5, Subcommittee 
VIII on Field Tests of Metallic Coatings 
Proceedings, Am. Soc. Testing Mats., Vol. 
27, Part I, p. 191 (1927). Data on a variety 
of coating thicknesses on copper and non- 
a copper bearing open-hearth iron, steel, and 
wrought iron; and non-coated sheets ex- 
posed in 1926. 
(2) 1958 Annual Report of Committee A-5 on 
Corrosion of Iron and Steel. Latest ex- 
posure data on 1926 galvanized sheet tests 
at State College, Pa., Jbid., Vol. 58, p. 116 
(1958). 
(3) Report of Committee A-5, Subcommittee 
VIII on Field Tests of Metallic Coatings, 
Proceedings, Am. Soc. Testing Mats., Vol. 
29, Part I, p. 149 (1929). Program data 
for a series of hardware angles, tubes, 
nipples, clamps, etc., with a variety of 
_ thicknesses of coatings of lead, zinc, cad- 
f mium, aluminum, and phosphates on rolled 
and forged steel, cast, and malleable iron 
placed on exposure in 1929. 
(4) Report of Committee A-5, Subcommittee 
XVI on Field Tests of Atmospheric Cor- 


rosion of Hardware, /bid., Vol. 57, p. 130 
(1957). Latest data on the 1929 hardware 
exposure test of Reference (3). 

Report of Wire Inspection Committee on 

Field Tests of Wire and Wire Products, 

—-[bid., Vol. 39, p. 156 (1939). Program data 

ia farm field fencing products including 
zinc, lead, and copper coated wire, and 

non-coated copper-bearing steel, and cor-— 
rosion resistant steel wire placed on ex- 

posure in 1937. 

(6) Report of Committee A-5, Subcommittee 
XV on Atmospheric Exposure Tests of 
Wire and Wire Products, /bid., Vol. 57, p. 
99 (1957). Latest exposure data on the 
1937 wire and field fence exposure test. _ 

(7) Report of Committee A-5, Subcommittee 

VIII on Field Tests of Metallic Coatings, 

Ibid., Vol. 36, Part I, p. 107 (1936). Cad- 

mium and zinc and zinc-cadmium plated 

f coatings on SAE 1010 steel exposed in 

1932, 1936, and 1938. 

W. Blum, P. W. C. Strausser, A. Brenner, 

“Corrosion-Protective Value of Electro- 

deposited Zinc and Cadmium Coatings on 

Steel,” Journal of Research, National 

Bureau of Standards, Vol. 16, No. 2, p. 185 

(1936). A report on the 1932 program of 

Committee A-5, Subcommittee VIII on 

Field Tests of Metallic Coatings (same test 


as Reference (7)). oe 
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(9) Progress Report of a Subgroup of Com- 
mittee B-3, Subcommittee VII on Cor- 

- rosiveness of Various Atmospheric Test 

_ Sites as Measured by Specimens of Steel 

and Zinc, Proceedings, Am. Soc. Testing 

Mats., Vol. 53, p. 194 (1953). Interim test 

data given, exposures are now completed 
and a final report is in preparation. 

(10) Report of Committee B-3, Subcommittee 
VIII on Galvanic & Electrolytic Corrosion, 
Ibid., Vol. 39, p. 247 (1939). Galvanic 

couples involving aluminum, copper, iron, 
lead, nickel, tin, and zinc with the outer 
faces of the metal disks painted to confine 
the corrosion to the edges of the metal-to- 
metal] surfaces of the couples, final report 
data of exposure begun in 1931. 

(11) Report of Committee B-3, Subcommittee 
VI on Atmospheric Corrosion (Atmospheric 
Corrosion Test Program), Jbid., Vol. 32, 
Part I, p. 226 (1932). Program data for 11 
non-ferrous metals and alloys. Specimens 
placed on exposure in 1931 to determine 
change in weight and loss of strength and 
ductility by means of tension tests. Also 
see Reference (15). 

(12) Symposium on Atmospheric Exposure 
Tests on Non-Ferrous Metals, Am. Soc. 
Testing Mats., p. 101 (1946). (Issucd as a 
separate publication ASTM STP No. 67.) 
Reprinting of photomicrographs from re- 
port given in Reference (11). 


(13) Ibid., pp. 2, 16, 29, 46, and 57. Papers on 


the zinc alloys, nickel alloys, copper alloys, 

lead and tin alloys, and aluminum alloys 
utilized for the 1931 exposure test given in 
Reference (11). 

(14) Report of Committee B-3, Subcommittee 
VI on Atmospheric Corrosion, Symposium 

on Atmospheric Corrosion of Non-Ferrous 

Metals, Am. Soc. Testing Mats., p. 3 
(1956). (Issued as a separate publication 
_ ASTM STP No. 175). Twenty-year results 
on 1931 exposure test given in Reference 
(11). 

(15) Ibid., pp. 21, 67, 126, 135, and 141. Individ- 
ual papers reviewing 20-year test results of 
the 1931 program given in Reference (11). 
Report of Committee B-3, Subcommittee 
VIII on Galvanic and Electrolytic Corro- 
sion, Proceedings, Am. Soc. Testing Mats., 
Vol. 48, p. 167 (1948). Program data and 
results of 5-year exposure of two stainless 
steels (Types 304 and 316) coupled to 9 

different metals exposed in 1941 (final 
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report on 15-year exposure is in prepara- 
tion). 

H. O. Teeple, “Atmospheric Galvanic 
Corrosion of Magnesium Coupled to Other 
Metals,” Symposium on Atmospheric Cor- 
rosion of Non-Ferrous Metals, Am. Soc. 
Testing Mats., p. 89 (1956). (Issued as a 
separate publication ASTM STP No. 175.) 
Data on the first series of aluminum and 
magnesium disk-type couples placed on 
exposure in 1950 (part I of a 3 part pro- 
gram). 

Report of Committee B-3, Subcommittee 
VIII on Galvanic and Electrolytic Corro- 
sion (Spool and Wire Couple Tests, Part 
II of a 3 Part Program), Proceedings, Am. 
Soc. Testing Mats., Vol. 54, p. 150 (1954). 
Program and final report of exposure data. 
K. G. Compton and A. Mendizza, “Gal- 
vanic Couple Corrosion by Means of the 
Threaded Bolt and Wire Test,” Symposium 
on Atmospheric Corrosion of Non-Ferrous 
Metals, Am. Soc. Testing Mats., p. 116 
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(25) 


(26) 


(27) 


(28) 
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clad-aluminum specimens exposed in 1953 
to determine reduction of mechanical 
properties. 

L. H. Adam and Marie Dougherty, “At- 
mospheric Exposure of Aluminum and 
Magnesium Sand and Permanent Mold 
Castings,” Ibid., Vol. 54, p. 270 (1954). 
Data from 1 year of exposure. 

Data from 3 years of exposure of test in 
Reference (25), Jbid., Vol. 58, p. 194 (1958). 
L. H. Adam, “Atmospheric Exposure of 
Wrought Aluminum and Magnesium Al- 
loys,” ASTM Proceedings, Vol. 55, p. 284 
(1955). Data from 1 year of exposure. 

W. Blum, P. W. C. Strausser, A. Brenner, 
“Protective Value of Nickel and Chromium 
Plating on Steel,” Journal of Research, 
National Bureau of Standards, Vol. 13, No. 
3, p. 331 (1934). Eighty variations of nickel, 
copper, and chromium cover coatings with 
some zinc and cadmium as intermediate 
coatings on SAE 1010 steel exposed in 
1932 to determine the value of such coat- 


ings. 

(29) W. Blum and P. W. C. Strausser, “Outdoor 
__ Exposure Tests of Electroplated Nickel and 
Chromium Coatings on Steel and Non- 
Ferrous Metals,” Jbid., Vol. 24, No. 4, p. 
443 (1940). Over 135 variations of speci- 
mens to determine the value of coatings 
utilizing copper, nickel, and chromium on 
steel, copper, brass, iron, zinc, and zinc-base 

die-castings exposed in 1936. 

(30) Report of Committee B-8, Subcommittee 
--JI_ on Performance Tests, “Atmospheric 
Exposure of Electroplated Lead and Zinc 
Coatings on Steel,” Proceedings, Am. Soc. 

_ Testing Mats., Vol. 49, p. 220 (1949), and 
-Vol. 55, p. 338 (1955). Results of exposure 

tests of electroplated coatings including 
various thicknesses of lead applied to steel, 

 copper-plated steel, and copper; lead-tin 

alloy coatings; electroplated zinc; and hot- 

dipped lead, terne, and zinc exposed in 
1944. 

(31) A. H. DuRose, “Atmospheric Exposure of 

Electroplated Lead Coatings on Steel,” 

Symposium on Properties, Tests, and 


(1956). (Issued as a separate publication 
ASTM STP No. 175). Further information 
on tests in Reference (18). 

G. R. Gohn and Lucille E. Menges, “At- 
mospheric and Indoor Aging Studies on 
Some Aluminum and Zinc-base Die-Cast- 
ing Alloys,” Proceedings, Am. Soc. Testing 
Mats., Vol. 46, p. 1064, (1946) and Report 
of Committee B-6, Subcommittee V on 
Exposure and Corrosion Tests, Jbid., p. 
244. Final report of 12 aluminum and 10 
zinc die casting alloys exposed in 1929 for 
15 years to determine loss in tensile 
strength, elongation, and Charpy impact. 
An Investigation of Aluminum Die-Casting 
Alloys, Nos. IVa and Va, Jbid., Vol. 35, _ 
Part I, p. 184 (1935). Preparation of 3. 
aluminum alloys (12 per cent silicon) ex- 
posed in 1934 to determine loss in mechan- | 
ical properties. 

Report of Committee B-6, Subcommittee 
I on Aluminum Base Die-Casting Alloys, 
Ibid., Vol. 46, p. 225 (1946). Ten-year ex- 
posure report of test in Reference (21). | 
(Final 20-year report is in preparation.) _ - Performance of Electrodeposited Metallic 
Report of Committee B-6 on Die-Cast and Coatings, Am. Soc. Testing Mats., p. 97 
Alloys, Ibid., Vol. 50, p. 168 (1950). Ten- (1956). (Issued as a separate publication 
year exposure report of 20-year test begun ASTM STP No. 197.) More detailed dis- 
in 1939 to determine loss in mechanical cussion of program in Reference (30). 
properties of 3 zinc and 4 magnesium al- (32) Report of Committee B-8, Subcommittee 
loys. ’ II on Performance Tests, “Atmospheric 
L. H. Adam, “Atmospheric Exposure of Exposure of Copper Nickel-Chromium 
Light Metals,” Ibid., Vol. 53, p. 227 (1953). +~—-“~ Deposits on High Carbon Steel,” Proceed- 


Data on wrought and cast, structural ings, Am. Soc. Testing Mats., Vol. 53, p. 
— 256 (1953), and Vol. 55, p. 316 


(1955). 
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First program to determine relative dura- 
bility of copper-nickel-chromium versus 
nickel-chromium coatings on high carbon 
steel. 

(33) C. H. Sample, “The Corrosion Behavior 
and Protective Value of Copper-Nickel- 
Chromium and Nickel-Chromium Coatings 
on Steel,” Symposium on Properties, Tests, 

and Performance of Electrodeposited 

at Metallic Coatings, Am. Soc. Testing Mats., 
w p. 7 (1956). (Issued as a separate publica- 

t, tion ASTM STP No. 197.) More detailed 

discussion, with photographs, of program 
in Reference (32). 

(34) Report of Committee A-5, Subcommittee 
XV on Atmospheric Exposure Tests of 

a Wire and Wire Products, Proceedings, Am. 

i Soc. Testing Mats., Vol. 54, p. 123 (1954). 

& Wire and strand exposed in 1939 at Pitts- 

it burgh, Pa. Part of the test program of 
Reference (5). 

(35) Report of Task Group on Inspection of 
Nickel-Bearing and Nonnickel-Bearing 
Stainless Steels, Jbid., Vol. 56, p. 143 

rT (1956). Results of the third annual inspec- 

i tion of 18 stainless steel panels exposed in 
1953. See also, /bid., Vol. 55, p. 169 (1955). 

(36) F. L. LaQue, “Corrosion Testing,” Edgar 
Marburg Lecture, Proceedings, Am. Soc. 
Testing Mats., Vol. 51, p. 495 (1951). A 
discussion of the corrosion of materials at 
the Kure Beach, N. C., test sites. 

(37) Report of Committee B-6 on Die-Cast 

¥ Metals, Exposure Tests of SC84A Alumi- 
num Bars with Varying Zinc Content, 


by Profil (St) 
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Progress Report of Task Group of Sub- 
committee V on Exposure and Corrosion 

Tests, Proceedings, Am. Soc. Testing Mats. 

57, p. 174 (1957). Three-year exposure 
_ report on a series of specimens of SC84A 
aluminum alloys with varying zinc content 
begun in 1953 for a period of 12 years. 

(38) “Summary Report of Investigations of 
Aluminum-Base Die-Casting Alloys Con- 
taining 9.5 Per Cent Silicon and 0.5 Per 
Cent Magnesium or Containing 8 Per Cent 
Magnesium,” /bid., Vol. 48, p. 191 (1948). 
Chemical composition and mechanical 
properties of alloys G2, SG2, and SG3, with 
results of salt spray tests and 2-yr at- 
mospheric exposure data. 

(39) Report of Committee B-6 on Die-Cast 
Metals and Alloys, /bid., Vol. 58, p. 167 
(1958). Final 5 year exposure report of 
aluminum alloys (redesignated G8A and 
SG100A), placed on exposure in 1944 to de- 
termine loss in mechanical properties. See 
also Reference (38). 

(40) C. H. Sample, A. Mendizza, and R. B. Teel, 
“A Comparison of the Corrosion Behavior 
and Protective Value of Electrodeposited 
Zinc and Cadmium Coatings on Steel,”’ Sym- 
posium on Properties, Tests, and Perform- 
ance of Electrodeposited Metallic Coatings, 
Am. Soc. Testing Mats., p. 49 (1956). (Is- 
sued as a separate publication ASTM STP 
No. 197.) 

(41) A. L. Alexander, “Evaluation of Phosphate 
Coating over Electrodeposited Zinc,” [bid., 
p. 66. 
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EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS* 


Meetings of the ASTM-ASME Joint 
Committee on the Effect of Temperature 
on the Properties of Metals, its panels 
and subcommittees were held during the 
past year in connection with the Annual 
Meetings of the ASTM in Atlantic City, 
N. J., during the week of June 16, 1957, 
and of The American Society of Mechan- 
ical Engineers in New York City the 
week of December 1, 1957. 


— 


Technical Sessions and Papers: 


Two papers were presented at the 
ASTM Annual Meeting during the week 
of June 16, 1957: 


“Embrittling Tendencies of Austenitic Super- 
heater Materials at Elevated Temperatures,” 
by J. H. Hoke, F. Eberle, and R. D. Wylie, 
Babcock & Wilcox Co. 

“Thermal Shock Resistance of High-Temper- 
ature Alloys,” by F. L. Muscatell, E. E. Rey- 
nolds, W. W. Dyrkacz, and J. H. Dalheim, Alle- 
gheny Ludlum Steel Corp. 


A paper by W. B. Hoyt, “Strength of 
Welded Joints in Carbon Steel at Ele- 
vated Temperatures,” reporting work 
sponsored by the Chemical and Petro- 
leum Panel, was presented at a meeting 
of the ASME Petroleum Division at 
Tulsa, Okla., in September, 1957. 

The following papers were presented 
at the Annual Meeting of the ASME 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


| 


during the week of December 1, 1957: 


“Oxidation of Superheater Materials by High- 
Temperature Steam,” by J. H. Hoke and F. 
Eberle, Babcock & Wilcox Co. 

“Investigation of the Suitability of 18-8 
(Type 304) Alloy for Superheater Service with 
Respect to Corrosion and Stress-Corrosion Be- 
havior in Chloride-Bearing Steam Condensate,” 
by F. Eberle, Thomas A. McNary, and Fred B. 
Snyder, Babcock & Wilcox Co. 

“Properties of Cast Iron at Elevated Tem- 
peratures,” by J. R. Kattus, Southern Research 
Institute. 


The following papers sponsored by the 
committee are being presented at the 
ASTM Annual Meeting, June, 1958: 


“The Creep Properties of Three Low-Shrink- 
age, Copper-Base Casting Alloys,” by W. F. 
Simmons and J. G. Kura of Battelle Memorial 
Inst. 

“Mechanical and Physical Properties of 
Three Low-Shrinkage, Copper-Base Casting Al- 
loys,” by J. G. Kura and R. M. Lang of Battelle 
Memorial Inst. 

“Properties of Cast Iron at Elevated Tem- 
peratures,” by J. R. Kattus and Bryan McPher- 
son of Southern Research Inst.! 


Membership: 


Dr. Leo Schapiro, Douglas Aircraft 
Co., Inc., Chairman of the Aviation 
Panel, resigned during the year. 


Finances: 


The status of funds in the Committee’s 
account as of April 1, 1958 is given in 
Table I. 

'The Kattus and McPherson paper is to be 


issued as a separate publication ASTM STP 
No. 248. 
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TABLE I.—STATUS OF FUNDS IN THE 


Report oF Joist ASTM-ASME Committee 


ACCOUNT OF THE ASTM-ASME JOINT 


COMMITTEE ON EFFECT OF TEMPERATURE ON THE PROPERTIES OF 
METALS AS OF APRIL 1, 1958. 


The committee recommends for publi- 
cation as tentative the Recommended 
Practice for Conducting Creep and Time- 
for-Rupture Tension Tests of Materials, 
as appended hereto.” 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommended revisions 
as indicated of the following recom- 
mended practices and their reversion to 
tentative: 

Recommended Practice for Short-Time 
Elevated Temperature Tension Tests 
of Materials (E 21 — 43):* Revise as ap- 
pended hereto.’ 

2 The new and revised tentatives appear in the 


1958 Book of ASTM Standards, Part 3. 
31955 Book of ASTM Standards, Part 1 


Total spent 
Disbursements by Projects Appropriation 3/31/58 Balance = 
Data and Publications Panel om 
DP-6, Strength of Weldments........... $3 136.00 $2550.13 $ 585.87 
DP-8, Medium-Carbon, High-Chromium, 
and Plain-Carbon Steels.............. 4 000.00 4 000.00 
173.75 
_DP-9, Aluminum and Magnesium Alloys. . 5 200.00 5 200.00 
- DP-10, Physical Properties of Low and 
200.00 122.86 77.14 
DP-11 & 13, Continuing Data Survey and , 
Punch Card Tabulation of Data........ 3000.00 1250.61 1749.39 
Steam Power Panel 
SP-2, Elevated Temperature Properties LA 
of Cast Iron.. 20 000.00 20 000.09 closed 
SP-5, Use of Type 347 Stainless Steel 7 ANE 2 
Main Steam Piping................ 5 000.00 5000.00 
General Research Panel 
Creep Damage (University of Michigan).. 2 000.00 2 000.00 , 
Cyclic Loading and Heating (Syracuse rey try 
Notch Sensitivity (Syracuse University)... 3 000.00 2 787.89 closed 
_ Reproduction of Reports (Syracuse Uni- tee 
Test Methods Panel 
Calibration Material... ... 1 500.00 1 500.00 
16 286.15 
Obligated and not spent, March 31, 1056... 16 286.15 
Estimated Unallocated Balance, March 31, 1958.....................02005. 3 442.50 
a. New TENTATIVE WITHDRAWAL OF TENTATIVE 


AND STANDARD 


The committee recommends the with- 
drawal of the following tentative and 
standard since they are being replaced by 
the new tentative recommended practice 
referred to above: 


Recommended Practice for: 


Conducting Long-Time High-Temperature Ten- 
sion Tests of Metallic Materials (E 22 - 41),’ 
and 

Conducting-Time for Rupture-Tension Tests of 
Metallic Materials (E 85 — 50 T).3 
The recommendations in this report 

have been submitted to letter ballot of 

the committee, the results of which will 
be reported at the Annual Meeting.‘ 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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_ ACTIVITIES OF PANELS AND PROJECT 
SUBCOMMITTEES 


Aviation Panel (Leo Schapiro, chairman): 


The Task Group on Metal Honey- 
comb Panels completed a survey of ex- 
isting test methods for testing honey- 
comb panels. The conclusion was that 
the present methods sponsored by ASTM 
Committee C-19 on Structural Sandwich 
Construction were not adequate for the 
aviation industry needs. The report rec- 
ommended that either ASTM Commit- 
tee C-19 or the Aircraft Industries Assn. 
provide the required test procedures. 

The Task Group on Non-Tension 
Creep Testing is studying the desirabil- 
ity of providing a written test procedure 
for compression creep testing, for shear 
creep testing, and for bearing creep test- 
ing. 


Data and Publications Panel (George V. 
Smith, chairman): 


Project DP-6, Strength of Weldments.— 
This project has been completed and the 
data are being published by ASTM as a 
Special Technical Publication on “Ele- 
vated Temperature Properties of Weld- 
Deposited Metal and Weldments,” 
ASTM STP No. 226. 

Project DP-8, Medium-Carbon, High- 
Carbon, and Plain Carbon Steels—The 
third and final phase of this survey, deal- 
ing with high-chromium steels, has been 
completed and is being published by 
ASTM as a Special Technical Publica- 
tion, ASTM STP No. 228. 

Project DP-9, Aluminum and Mag- 
nesium Alloys—A large number of data 
have now been received in this survey. 
The task group is undertaking to limit 
the data, which will be included in a 
final report, to those materials of com- 
mercial interest so that. the resulting 
report will not be unduly large. 

Project DP-12, Survey of Test Facili- 
ties—The results of this survey have 
been published by the Titanium Metal- 


lurgical Laboratory of Battelle Memorial 
Institute. 

Work is continuing on Project DP-10, 
Survey of Physical Properties of Low 
and High Temperatures; Project DP-11, 
Current and Continuing Data Survey; 
and Project DP-13, Panel Card Tabula- 
tion of Data. 


Gas Turbine Panel (C. T. Evans, Jr., 
chairman): 


Work is continuing on Project GTP-1, 
Fatigue; GTP-2, Corrosion Erosion; 
GTP-5, Thermal Shock; and GTP-10, 
Long-Time Creep and Rupture Testing. 
Several reports have been issued on these 
projects including the paper titled: 
“Thermal Shock Resistance of High- 
Temperature Alloys,” which was pre- 
sented at the ASTM Annual Meeting in 
June, 1957. 


General Research Panel (J. D. Lubahn, 
chairman): 


Literature surveys covering three sub- 
jects have been completed. The work was 
done under contract as follows: 

(1) Creep Damage, $2000, with the 

University of Michigan, 

(2) Notch Rupture Behavior, $2800, 

with Syracuse University, and 

(3) Effect of Cyclic Loading, $2000, 

with Syracuse University. 
Plans for publication of these surveys by 
the ASTM are under way. 

A preliminary program was presented 
to determine methods of utilizing notch- 
rupture data to predict the life of notched 
machine parts at elevated temperature. 
The money value of the proposed inves- 
tigation was estimated as $25,000. Con- 
tributions of material and testing facili- 
ties would substantially reduce the 
amount of money required. 


Low Temperature Panel (A. L. Tarr, 
chairman): 


Work on Project LT-2, “Literature 


_ Survey on the Mechanical Properties of 
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Useful Engineering Metals and Alloys 
at Low Temperatures,” is being expe- 
dited. The task group handling Project 
LT-3, on a study of correlation of Charpy 
V-notch and keyhole data on materials 
used in pressure vessels and piping serv- 
ice, issued a final report on its work. 
The report stated that sufficient data 
were not available for a general correla- 
tion of Charpy V-notch and keyhole 
data for materials other than ship steels. 
This report completes the work of the 
task group, which was therefore dis- 
charged. The task group handling Project 
LT-4 on the use of cast iron at low tem- 
peratures reported that Subcommittee 26 
of ASTM Committee A-3 on Cast Iron 
planned to undertake a similar study. 
There being no need for duplication of 
this work, the task group was discharged. 


Chemical and Petroleum Panel (C. L. 
Clark, chairman): 


Experimental work is continuing on an 
investigation covering weldments of low- 
chromium—molybdenum steels. A report 
on “Strength of Welded Joints in Carbon 
Steel at Elevated Temperatures” was 
completed and presented before the Pe- 
troleum Division of ASME at a meeting 
in Tulsa, Okla., September, 1957. 


Steam Power Panel (P. Brister, chair- 
man): 


Work has been completed on Project 
SP-2, Elevated Temperature Properties 
of Cast Iron. The work was done under 
contract at the Southern Research Inst., 
Birmingham, Ala. A final report, an out- 
line of which is appended hereto, will be 
presented at the ASTM Annual Meet- 
ing, June, 1958. Project SP-4, Elevated 
Temperature Properties of A 212-B 
Plate, is nearly completed and a final 
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report will be issued for approval by the 
panel. A report on Project SP-5, Use of 
Type 347 Stainless Steel in Main Steam 
Piping, will be submitted to the panel 
for approval. This work is being pri- 
vately financed by the International 
Nickel Co., General Electric Co., West- 
inghouse Electric Corp., and other in- 
vestigators. 

Considerable progress has been made 
on Project SP-6, Experience with Type 
321 and 347 Stainless Steel in Super- 
heater Tubes. Questionnaires were sent 
to all utilities having stainless steel in 
their superheaters, and the results are 
being analyzed. Work is under way on 
Project SP-7, Material Evaluation, the 
purpose of which is to evaluate materials 
as to their over-all suitability for use in 
steam power service. 


Test Method Panel (J. J. Kanter, chair- 


man): 


The project for providing calibration 
specimens for creep-rupture testing is 
continuing. Tests are presently being 
made to determine whether the pro- 
posed material for the specimens meets 
all requirements. The panel submitted 
revisions to the Recommended Practices 
E 21, E 22, and E 85 as appended to this 
report. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 28 members; 15 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
V. T. MALco”m, 
Chairman. 


Howarp C. Cross, 
Secretary. 


ay 
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CEMENT* 
- 


Committee C-1 on Cement held two 
meetings during the year: in Atlantic 
City, N. J., on June 21, 1957, and in 
Fortin de las Flores, Veracruz, Mexico, 
on December 3, 1957. During the Mexico 
meetings the committee members had an 
opportunity to visit the cement mills of 
Cementos Veracruz, S. A. 

The committee records with sorrow 
the deaths of two Honorary Members 
and two Active Members: L. W. Walter, 
an Honorary Member, joined Com- 
mittee C-1 in 1914 and served as its 
Secretary from 1936 to 1942; H. S. 
Mattimore, also an Honorary Member, 
first joined the committee in 1926; H. 
L. Kennedy, a member since 1940, 
represented the Dewey & Almy Chemi- 
cal Co.; and L. C. Smull, a member 
since 1951, represented the Riverside 
Cement Co. 

In recognition of his long association 
with Committee C-1 and his outstanding 
contributions to its work, Frank H. 
Jackson was made an Honorary Member 
of the committee. Mr. Jackson, a mem- 
ber for over 35 years, had served the 
committee as secretary from 1926 to 
1931, and as chairman from 1945 to 
1950. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, R. R. Litehiser. 
Vice-Chairman, W. S. Weaver. ae 
Secretary, W. J. McCoy. 7 


* Sixty-first Annual Meeting of the Society, 


June 22-27, 1958. 


Transfer of Jurisdiction.—In 
ber 1957, Committees C-1 and C-9 
agreed that responsibility for Tentative 
Methods of Test for Potential Alkali 
Reactivity of Cement-Aggregate Combi- 
nations (C 227-52 T) should be trans- 
ferred from Committee C-1 to Com- 
mittee C-9, 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee C-1 presented to the 
Society, through the Administrative 
Committee on Standards, the following 
recommendations: 


Revision of Tentative Method of Test for: 


Calcium Sulfate in Hydrated Portland Cement 
Mortar (C 265 -56T), 

Flexural Strength of Hydraulic Cement Mortars 
(C 348 - 54 T), and 

Compressive Strength of Hydraulic Cement 
Mortars (Using Portions of Prisms Broken in 
Flexure (C 349 - 54 T). 


These recommendations were ac- 
cepted by the Standards Committee on 
December 13, 1957, and the revised 
tentative methods appear in the 1957 
Supplement to the Book of oar 


Standards, Part 3. 4} 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentative 
specifications and methods and their 
continuation as tentative: 
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Standard Laboratory Condition.—For 
the purpose of promoting uniformity in 
laboratory atmospheres, the committee 
recommends that, where applicable, the 
following sentence be added to Section 3 
of the various cement test methods: “The 
relative humidity of the laboratory shall 
be not less than 50 per cent.’”! 


single 15 min ignition period without checking 
for constant weight. After weighing, transfer 
the ignited material to a beaker, breaking it up 
with the flattened end of a glass rod. Determine 
the SO; by the method given in Section 16 of 
C 114-53. (Some of the acid is heated in the 
crucible to dissolve adhering material.) Correct 
the percentage loss on ignition by adding an 
amount equal to 0.8 times the increase in the 


1.—Tube Sampler for Bulk Cement. 

“ 2g 4 Tata 
Hardwood Handle Brass Tubing 


uti wall 


Approx. Vol. = 19.6 cu. in. 


Fic. 2.—Tube Sampler for Packaged Cement. 


Tentative Methods of Chemical Analysis 
of Portland Cement (C 114-57 T)? 


New Section—Add a new Section 30 
to read as follows: 


30. Ignition Loss of Portland Blast-Furnace 
Slag Cement and Slag Cement.—The methods 
given in Section 20 of C 114-53 are not suit- 
able for determining the ignition loss of Port- 
land-Blast Furnace Slag Cement and Slag 
Cement. This is normally true because the sul- 
fide sulfur usually present in such cements will 
be oxidized to the sulfate in some degree and 
thus give an increase in sample weight. There- 
fore, on such samples use the following proce- 
dure: Determine the SO; by the method given 

in Section 16 of C 114-53 on a portion of the 
original sample. Determine the loss on ignition 
- described in Section 20 of C 114-53, using a 


1 The tentatives involved are: C 185, C 227, 
— C 243, C 265, C 266, and C 305. 
2.1957 Supplement to Book of ASTM Stand- 
ards, Part 3. 


percentage of SO; that developed during igni- 
tion. 


Tentative Methods of Sampling Hy- 
draulic Cement (C 183 —- 55 T):® 


Section 3.—Change the first sentence 
to read, “The cement may be sampled 
by any of the methods described in the 
following Paragraphs (a) to (f).” 

Change Paragraphs (c) and (d) to read 
as follows: 


(c) From Bulk Storage and Bulk Shipments by 
Means of a Tube Sampler or Sampling Pipe.— 
When the depth of the cement to be sampled 
does not exceed 7 ft, samples may be obtained 
by a tube sampler similar to that shown in Fig. 
1. It is between 5 and 6 ft long and about 13 in. 
in outside diameter and consists of two polished 
brass telescopic tubes with registering slots 
which are opened or closed by rotation of the 


31955 Book of ASTM Standards, Part 3. 
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inner tube, the outer tube being provided with 
a sharp point to facilitate penetration. Where 
applicable, for depths of cement greater than 7 
ft, a sampling pipe activated by an air jet which 
is capable of removing samples from different 
depths in the cement may be used. Samples ob- 
tained with the tube sampler or sampling pipe 
shall be taken from well-distributed points and 
various depths of the cement so that the samples 
taken will represent the cement involved. 

(d) From Packaged Cement by Means of a 
Tube Sampler —The sampler shown in Fig. 2 
should be inserted diagonally into the valve of 
the bag and the thumb placed over the air hole. 
The sampler should then be withdrawn. One 
sample should be taken from a bag in each 25 
bbl or fraction thereof and combined to form 
the test sample. 


Add two new Paragraphs (e) and (f) 
to read as follows: 


(e) In all other cases, samples shall be taken 
from each 15 bbl or portion thereof in the lot 
and combined to form test samples. In the case 
of samples from trucks where the cement is 
being trucked from one mill, it is permissible to 
combine the samples from several trucks to 
form a test sample representing not more than 
500 bbl. Samples of bulk shipments should be 
taken from well distributed points so as to be 
representative of the cement. 

(f) Protection of Samples.—Immediately as 
samples are taken they shall be placed into 
moisture-proof, airtight containers to avoid 
moisture absorption and aeration of the sample. 


New Figures—Add a new Fig. 1, 
“Tube Sampler for Bulk Cement” and 
a new Fig. 2, ““Tube Sampler for Pack- 
aged Cement” as indicated in the ac- 
companying Figs. 1 and 2. 

The above revisions will increase the 
scope of the method by providing new 
information about sampling devices and 
procedures, and sample containers. 


Tentative Specifications for Portland 
Blast-Furnace Slag Cement (C 205 - 
57 T)2 


Section 1.—Change to read as follows: 


1. Scope.—These specifications cover two 
basic types of hydraulic cement, with two 
optional provisions. 

Type IS.—Portland blast-furnace slag ce- 
ment for use in general concrete construction. 


Type IS-A.—Air-entraining portland blast- 
furnace slag cement for use in general concrete 
construction. 

When moderate sulfate resistance is desired, 
the suffix (MS) shall be added to the selected 
type designation. When moderate heat of hydra- 
tion is desired, the suffix (MH) shall be added to 
the selected type designation. When both mod- 
erate sulfate resistance and moderate heat of 
hydration are desired, the suffix (MH) (MS) 
shall be added to the selected type designation. 


Section 2.—In the second sentence of 
Paragraph (6), change ‘Section 3(c)” to 
read ‘Section 4(c)’’ and add the follow- 
ing new Note at the end of the section: 

Note.—When the MS type (moderate sulfate 
resistance) is specified, the tricalcium aluminate 


content of the portland cement clinker constitu- 
ent shall not exceed 8.0 per cent. 


New Section.—Add a new Section 3 to 
read as follows, renumbering subse- 
quent sections accordingly: 

3. Basis of Purchase.—The purchaser should 
specify the type or types desired. When no 
type is specified, the requirements of Type IS 
shall govern. 


Section 3.—Renumber as Section 4, 
and in the second sentence of the Note 
change “Section 3” to read “Section 4.” 

In Paragraph (a), change “Section 4” 
to read “Section 5.” 

Section 4.—Renumber as Section 5 and 
in Paragraph (a) change the first sen- 
tence to read “Portland blast-furnace 
slag cement of the type specified shall 
conform to the chemical requirements 
prescribed in Table I.” 

Section 5.—Renumber as Section 6 
and change to read as follows: 


6. Physical Requirements.—Portland blast- 
furnace slag cement of the type specified shall 
conform to the applicable physical requirements 
prescribed in Table II. When the type of cement 
is not specified, the requirements of ‘Type IS 
shall govern. 


Table II.—Change to read as indi- 
cated in the accompanying Table I. 


4The table appears in the revised specifica- 
tions; see 1958 Book of ASTM Standards, Part 4. 
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Section 11.—Renumber as Section 12 


and add the following new Paragraph 
(f), relettering the subsequent para- 
_ graphs accordingly: 


f 


4 


(f) Time of Setting by Gillmore Needles.— 


_ Method of Test for Time of Setting of Hydraulic 
_ Cement by Gillmore Needles (ASTM Designa- 
tion: C 266). 


| 


Reletter the present Paragraph (f) as 
(g) and change the heading to read 


“Time of Setting by Vicat Needle.” 


Add a new paragraph (&) to read as 


follows: 


(k) Heat of Hydration.—Method of Test for 
Heat of Hydration for Portland Cement (ASTM 
Designation: C 186). 


The principal purpose of the revisions 


is to increase from two to eight the 
_ number of types of this cement that are 
available to the purchaser. 


7 Tentative Specifications for Air-Entrain- 


A 


ing Additions for Use in the Manu- 
facture of Air-Entraining Portland 
Cement (C 226 — 54 T):° 


Section 3(c).—Change the last sentence 
of the second paragraph to read “The 
air contents of the concrete containing 
the reference addition and the concrete 
containing the proposed addition shall 
agree within 0.5 per cent.” 

Add the following to this section: 


The reference addition, used as an admixture, 
is intended for use with blank cements only in 
concrete for freezing-and-thawing tests to estab- 
lish the durability factor by means of which the 
concretes containing the addition under test 
may be evaluated. 

Preparation of Standard Reference Solutions: 
Place 50 g. (total solids in the case of solution 
or pastes) of the designated reference addition 
in 500 ml. of freshly distilled water in a 1.000- 
liter flask and mix thoroughly until the solids 
are completely dissolved or the paste or solution 
is uniformly diluted. After surface foam has 


_ been dissipated, dilute to 1.000 liter and mix 
thoroughly. 


In the case of Vinsol resin, the neutralized 


- solution shall be made as follows: Dissolve 7.50 


g. cp sodium hydroxide in 100 ml. distilled 
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water. Add a few drops of this solution to 300 
to 350 ml. of distilled water contained in a 
600-ml. beaker. Add 50.00 g. dry, unneutralized 
Vinsol resin in pulverized form to the beaker 
and stir until all of the resin is wetted and well 
dispersed. Then add all of the sodium hydroxide 
solution to this suspension and stir until all of 
the resin is in solution. Transfer to a measuring 
flask, dilute to 1.000 liter and mix thoroughly. 
From this stock standard solution prepare a 
dilute standard solution by diluting 100 ml. of 
the stock solution to 1.000 liter. 


Section 4(a).—Add a new paragraph 
to read as follows: 


The quantity of sample shall be not less than 
8 standard sacks for cement containing the pro- 
posed addition and not less than 10 sacks of the 
corresponding blank cement. If the testing 
agency wishes to make direct comparisons be- 
tween the proposed and reference additions as 
to compressive and flexural strength. bond to 
steel, or bleeding and volume change, then the 
quantity of blank cement shall be increased to 
16 sacks. 


Section 9(a).—Change the first sen- 
tence to read “Six test specimens from 
each condition of concrete to be com- 
pared shall be made for each test and 
age.” 

Section 10(b)—Add a new second 
sentence to read “Flexural strength 
specimens shall be tested at the ages of 
3, 7, and 28 days, 3 months, and 1 year, 
except that for Type III cement a test 
shall be made also at 1 day.” 


Tentative Specifications for Portland- 
Pozzolan Cement (C 340 —- 57 T)? 


Section 13(l)—Change Paragraph (2) 
to read as follows: 


(2) Proportioning and Mixing.—The mortar 
shall contain two parts of the oven dry pozzo- 
lan, one part of hydrated lime, and nine parts 
of graded standard sand by weight. The amount 
of mixing water, measured in milliliters, shall be 
such as to produce a flow of 110 + 5 per cent 
flow in accordance with the procedure described 
in Section 9 of Method C 109. 

A sufficient quantity of mortar shall be made 
to mold at least three cylindrical specimens 2 
in. in diameter and 4 in. in height. The dry 
pozzolan and lime shall be put together and 
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shaken vigorously in a covered container for 2 
min. The mortar shall be mixed in accordance 
with Section 5 of Method C 305, except that 
Section 5 (2) shall be changed to read: “Add 
the pozzolan-lime mixture to the water; then 
start the mixer and mix at the slow speed (140 
+ 5 rpm) for 30 sec.” 

Change the first sentence of Paragraph 
(3) to read, ‘“The molds shall be cylin- 
drical and shall have an inside diameter 
of 2 + 3 in. and a height of 4 + } in.” 


ADOPTION OF TENTATIVE AS STANDARD 
WITH REVISION 


The committee recommends that the 
Tentative Specifications for Slag Cement 
(C 358 — 57 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard with the following re- 
vision: 

Section 13(b).—Delete the words, 
“except that the sample shall be fused 
with sodium carbonate to insure solu- 
tion, except in the determination of 
additions.” of Matl> 
REVISION OF STANDARDS, Tj. 

IMMEDIATE ADOPTION 


The committee recommends revisions 
for immediate adoption in the following 
standards, and accordingly asks for the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that these 
revisions may be referred to letter ballot 
of the Society. 

Standard Laboratory Condition.—For 
the purpose of promoting uniformity. in 
laboratory atmospheres, the committee 
recommends that, where applicable, the 
following sentence be added to Section 
3 of the various cement test methods: 
“The relative humidity of the laboratory 
shall be not less than 50 per cent.”® 


Standard Specifications for Masonry 
Cement (C 91 57):° 


In order to improve the procedure for 
making air content determinations, the 


5 The standards involved are: C 109, C 151, 


C 187, C 190, and C 191. ee 
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following revisions are recommended: 

Section 24.—Add a new Paragraph (d) 
as follows, relettering the present para- 
graph (d) as (e): 


(d) Tapping Stick—A tapping stick made of 
maple wood and having a square cross-section 
of § in. and a length of 6 in. 


Section 25(b).—Change the sixth 
sentence to read ‘“‘After the measure has 
been filled and spaded in the above 
prescribed manner, tap the sides of the 
measure lightly with the flat side of the 
tapping stick once each at five different 
points at approximately equal spacing 
around the outside of the measure in 
order to preclude entrapment of extrane- 
ous air.” 


Standard Method of Test for Compres- 
sive Strength of Hydraulic Cement 
Mortars (Using 2-in. Cube Specimens) 
(C 109 56):* 


Section 13.—In order to promote 
uniformity in the reporting of test re- 
sults, add the sentence “The Compres- 
sive strength of all acceptable test 
specimens (see Section 14) made from 
the same sample and tested at the same 
period shall be averaged and reported 
to the nearest 10 psi.” 


Standard Methods of Chemical Analysis 
of Portland Cement (C 114-53)? 


Section 28(a).—Change to read as 
follows, retaining the present Notes 1 
and 2: 


28. (a) To 1 g. of the sample (Note 1), add 
25 ml. of cold water. Disperse the cement in 
the water and while swirling the mixture, 
quickly add 5 ml. of HCl. If necessary, warm 
the solution gently and grind the material with 
the flattened end of a glass rod for a few min- 
utes until it is evident that decomposition of 
the cement is complete (Note 2). Dilute the 
solution to 50 ml. with hot water (near boiling) 
and heat the covered mixture rapidly to near 
boiling by means of a high-temperature hot 
plate. Then digest the covered mixture for 15 
min. at a temperature just below boiling (Note 
3). Filter the solution into a 400-ml. beaker, 
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wash the beaker, paper and residue thoroughly 
with hot water, and reserve the filtrate for the 
sulfur trioxide determination, if desired (Note 
4). Transfer the filter paper and contents to the 
original beaker, add 100 ml. of hot (near boiling) 
NaOH solution (10 g. per liter) and digest at a 
temperature just below boiling for 15 min. Dur- 
ing the digestion, occasionally stir the mixture 
and attempt to macerate the filter paper. Acidify 
the solution with HCl using methyl red as the 
indicator and add an excess of 4 or 5 drops of 
HCl. Filter and wash the residue at least 14 
times with hot NH,NO; solution (20 g. per 
liter) making certain to wash the entire filter 
paper and contents during each washing. Ignite 
the residue in a tared crucible at 900 to 1000 
C., cool in a desiccator, and weigh. 


Add the following new Notes 3 and 4: 


Nore 3.—In order to keep the solutions 
closer to the boiling temperature, it is recom- 
mended that these digestions be carried out on 
an electric hot plate rather than on a steam 
bath. 

Note 4.—Continue with the sulfur trioxide 
determination (Section 16 or 44) by diluting to 
250 or 200 ml. as required by the appropriate 
section. 


Section 28(c)—Change to read as 
"follows: 


(c) Calculations.—Calculate the percentage 
of the insoluble residue to the nearest 0.01 by 
multiplying the weight of the residue (corrected 
for the blank) in grams by 100. 


Footnote the last sentence, 
change ‘‘NH,CI” to read “NH,NO;.” 

These revisions are proposed in order 
to improve the reproducibility of results. 
2 Yo basic change in method is involved. 


Standard Method of Test for Fineness 
of Portland Cement by the Turbidi- 
meter (C 115 — 53):* 


In order to effect some helpful changes 
in requirements for apparatus and to 
clarify and refine certain test techniques, 
the following revisions are recommended: 
Section 3—Change Paragraph (a) to 

as follows: 


(a) Source of Light.—The source of light (Fig. 
: a 1) shall consist of a 3 to 6 candlepower, concen- 


> ~ 
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trated filament electric lamp operated by a 
source of constant emf. The lamp shall be 
mounted rigidly in the socket. A clean, bright 
parabolic reflector shall be rigidly mounted 
behind the lamp, focused so that approximately 
parallel rays of light will pass through the sedi- 
mentation tank and impinge upon the photo- 
electric cell. The light intensity shall be regu- 
lated by two rheostats of approximately 6 and 
30 ohms, respectively, and shall possess such 
characteristics that uniform changes in light 
intensity may be obtained over the full range 
of resistance. They shall be mounted in series 
with the lamp but in parallel with each other. 


In the third sentence of Paragraph (d), 
change “‘+0.1 in. in height’ to read 
“+0.15 in. in height.” 

In the first sentence of Paragraph (g), 
after “raised or lowered” add the words 
“by two connected lead screws.” 

Section 4.—Change to read as follows: 


4. The microammeter shall have a range of 0 
to 50 microamperes, shall be readable to 0.1 
microampere and accurate to +0.5 per cent of 
full scale value at any part of the scale at 25 C. 
The internal resistance of the microammeter 
shall be between 50 and 150 ohms. The micro- 
ammeter shall not be mounted upon a working 
surface containing or consisting of iron or steel 
or near other magnetic influence. 


Section 8.—Add the following to the 
end of the Section: 


The graduation lines on the buret shall be 
complete circles. A filter made of No. 325 wire 
cloth shall be used with the timing buret and a 
cover shall be placed over the top of the buret 
when it is not in use. 


Section 9.—Add the sentence ‘The 
kerosine shall not be reused.”’ 

Section 10(b).—Change to read as fol- 
lows, retaining the present Notes: 


(b) Calibration of No. 325 Sieve-—Connect 
the spray nozzle and pressure gage to a water 
supply line and adjust the pressure on the spray 
nozzle to 10 + 1 psi. Place 1 g. of the current 
lot of National Bureau of Standards standard 
sample No. 114 on the No. 325 (44 micron) 
sieve. The sample shall be wetted by introduc- 
ing the sieve into the spray at an angle so as to 
prevent loss of material. The sieve shall be held 
with the nozzle just within the upper rim, and 
moved so as to make a circuit about the nozzle 
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about once per second. Wash for 1 min. After 
removing from the spray, rinse the sieve and 
contents carefully with distilled water and blot 
excess water from the bottom of the sieve by 
placing upon a damp cloth. Dry the sieve and 
residue in an oven or over a hot plate (Note 2) 
supporting the sieve so as to allow circulation 
of air from below, brush the residue from the 
sieve, and weigh on an analytical balance. The 
sieve correction factor is the difference between 
the amount of residue obtained in this manner 
and the amount of residue indicated by the 
fineness specified for the standard sample, ex- 
pressed as a percentage of the former residue 
(see Note 3; also Table III, Footnote a). 


Section 13(b).—In the second sentence, 
after the word “axis” add the phrase, 
“through the center of the tank.” 


Standard Methods of Test for Auto- 
clave Expansion of Portland Cement 
(C 151 56):* 


Section 4(c).—Change to read as fol- 
lows: 


(c) Molding Specimens.—Immediately fol- 
lowing completion of mixing, the test specimen 
shall be molded in two approximately equal 
layers, each layer being compacted with the 
thumbs or forefingers by pressing the paste into 
the corners, around the reference inserts, and 
along the surface of the mold until a homogene- 
ous specimen is obtained. After the top layer 
has been compacted, the paste shall be cut off 
flush with the top of the mold with a thin-edged 
trowel and the surface smoothed with a few 
strokes of the trowel. During the operations of 
mixing and molding, the hands shall be pro- 
tected by rubber gloves. 


This revision would eliminate any 
uncertainties about the technique to be 
used in molding test specimens. 


REAPPROVAL OF STANDARDS 


The committee recommends reap- 
proval of the following two standards 
which have been published for six years 
or longer without revision: 


Standard Method of Test for: 


Fineness of Hydraulic Cement by the No. 200 
Sieve (C 184-44), and 
Specific Gravity of Hydraulic Cement (C 188 - 


On CEMENT 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentative methods be con- 
tinued without revision. All are subjects 
of current study within the committee. 


Tentative Method of Test for: 


Air Content of Hydraulic Cement Mortar 
(C 185 - 55 T), 

Time of Setting of Hydraulic Cement by Gill- 
more Needles (C 266 -51T), 

Mechanical Mixing of Hydraulic Cement Mor- 
tars of Plastic Consistency (C 305 - 55 T), and 

False Set of Portland Cement (C 359 — 56 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentatives: 


Method of Test for Compressive 
Strength of Hydraulic Cement Mor- 
tars (Using 2-in. Cube Specimens) 
(C 109 — 56):* 


Section 10.—In the fifth sentence, 
change “Section 2(7)” to read “Section 
2(h).” 


Standard Methods of Test for Auto- 
clave Expansion of Portland Cement 
(C 151 56):* 


Section 6.—Change to read as follows: 


6. The difference in length of the test speci- 
men before and after autoclaving shall be ex- 
pressed as per cent of the effective gage length 
and shal] be reported to the nearest 0.01 per 
cent. The percentage of increase in length shall 
be reported as the autoclave expansion; a de- 
crease in length shall be indicated by a minus 
sign prefixed to the per cent value. 


Tentative Specifications for Air-Entrain- 
ing Additions for Use in the Manu- 
facture of Air-Entraining Portland 
Cement (C 226 —- 54 T):® 


Section 1.—Change to read as follows: 


1. These specifications cover the requirements 
and methods of test for establishing the suita- 
bility of a material for use as an air-entraining 
addition to be interground with the clinker in 
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the manufacture of air-entraining portland 
cement under the Standard Specifications for 
Air-Entraining Portland Cement (ASTM Desig- 
nation: C 175). 


Tentative Specifications for Flow Table 
for Use in Tests of Hydraulic Cements 
(C 230-57 T): 


Section 4.—Change the fourth sen- 
tence to read “The table should be 
raised and permitted to drop a dozen 
or more times just prior to use if it has 
not been operated for some time.” 


6 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


COPD) 


250 REPORT OF CoMMITTEE C-1 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annuai Meeting.® 


This report has been submitted to 
letter ballot of the committee, which 
consists of 90 voting members; 71 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LITEHISER, 
Chairman. 
W. S. WEAVER, 
Secretary. 
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to 


ON 


_ MAGNESIUM OXYCHLORIDE AND MAGNESIUM OXYSULFATE 7 
CEMENTS* 


Committee C-2 on Magnesium Oxy- 
chloride and Magnesium Oxysulfate 
Cements met once during the year: on 
June 18, 1957, in Atlantic City, N. J. 
during the Annual Meeting of the 
Society. 

The committee consists of 17 mem- 
bers, of whom 7 are classified as pro- 
ducers, 5 as consumers, and 5 as general 
interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, E. S. Newman. 

Vice-Chairman, J. B. James. 
Secretary, K. M. Berg. 7 
ADOPTION OF TENTATIVES AS 

STANDARD WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved ‘or 
reference to letter ballot of the Soc.ety 
for adoption as standard without re- 
vision: 


Tentative Definition of Terms Relating to: 


Magnesium Oxychloride and Magnesium Oxy- 
sulfate Cements (C 376-55 T).! 


Tentative Method of Test for: 


Yield of Magnesium Oxychloride Cement 
(Field Test) (C 388 — 56 T),? and 


Yield of Magnesium Oxychloride Cement 
(Laboratory Test) (C 389 — 56 T).? 


* Sixty-first Annual Meeting of the Society, 
June, 22-27, 1958. 

11955 Book of ASTM Standards, Part 3. 

21956 Supplement to Book of ASTM 


Standards, Part 3. Jae 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six years without re- 
vision: pelts. ok 


Standard Methods for: 


Chemical Analysis of Magnesium Sulfate, 
Technical Grade (C 244 — 52),! 

Chemical Analysis of Magnesium Chloride 
(C 245 — 52), 

Physical Testing of Magnesia for Magnesium 
Oxychloride Cements (C 246 — 52),! and 


_ Mixing Magnesium Oxychloride Cement Com- 


positions with Gaging Solution (for Prepara- 
tion of Specimens for Laboratory Tests) 
(C 251 - 


Standard Method of: 


Slump Test for Field Consistency of Magnesium 
Oxychloride Cement (C 249 - 52).! 


Standard Specifications and Method for: 


Field Determination of Specific Gravity of Gag- 
ing Solutions for Magnesium Oxychloride 
Cements (C 250 52).! 


Standard Method of Test for: 


Bulk Density of Magnesium Oxychloride 
Cements (C 248 — 52),! 

Linear Contraction of Magnesium Oxychloride 
Cements (C 252 

Linear Change of Magnesium Oxychloride 
Cements (C 253 — 52),! 

Setting Time of Magnesium Oxychloride 
Cements (C 254 - 52),! 

Consistency of Magnesium Oxychloride Cements 
by the Flow Table (C 255 — 52), 

Flexural Strength of Magnesium Oxychloride 
Cements (Using Simple Bar with Two-Point 
or Single-Point Loading) (C 256 — 52),! and 

Compressive Strength of Magnesium Oxychlo- 


ride Cements (C 257 — 52).! — 


| 

+ 

| 

. 
3 


252 


The recommendations in this report 


have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting.’ 


record at ASTM Headquarters. 
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Report oF Commirree C-2 


This report has been submitted to 
letter ballot of the committee, which 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 


consists of 17 members; 13 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
E. S. NEWMAN, 
Chairman. 


K. M. 
Secretary. 
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Committee C-3 on Chemical-Resistant 
Mortars held three meetings during the 
year: on June 19, 1957, in Atlantic City, 
N. J.; on October 31 and November 1, 
1957, in Suffern, N. Y.; and on April 1, 
1958, in Philadelphia, Pa. 

The committee consists of 25 members, 
of whom 11 are classified as producers, 
7 as consumers, 7 as general interest 
members, and 2 as consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. R. Allen. 

Vice-Chairman, W. H. Burton. 

Secretary, E. A. Reineck. 

Members-at-Large of Advisory Com- 
mittee: Beaumont Thomas, F. H. 
Buckley, and W. A. Severance. 

New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
methods as appended hereto: 


Method of Test for: 


Working and Initial Setting Times of Chemically- 
Setting, Silicate Type Chemical-Resistant 
Mortars, and 

Absorption and Apparent Porosity of Chemical- 
Resistant Mortars. 

TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of Tentative 
Recommended Practice for Installing 
Sulfur Mortar Joints (C 386 - 56 T). 

* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 4. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.” 


SUBCOMMITTEE ACTIVITIES 


Subcommitiee S-1 on Silicate Mortars 
(R. F. Strigle, chairman) is attempting 
to establish limits on mechanical proper- 
ties of silicate mortars, preparatory to 
drafting a specification. 

Subcommiliee S-4 on Hydraulic Mor- 
tars (W. C. Hansen, chairman) is co- 
operating. with Subcommittee T-4 in 
revising the Tentative Recommended 
Practice for Use of Hydraulic Cement 
Mortars in Chemical-Resistant Masonry 
(C 398-57 T) as the result of com- 
ments from industry. 

Subcommittee T-1 on Mechanical Prop- 
erties (J. R. Allen, chairman) is working 
on a test method for determining flex- 
ural strength of silicate mortars. 

Subcommittee T-2 on Physical Prop- 
erties (R. S. Mercer, chairman) is study- 
ing the service temperature limits of 
chemical-resistant mortars as a back- 
ground for selecting test methods to 
measure thermal expansion and shrink- 
age. 

The subcommittee prepared the pro- 
posed Method of Test for Working and 
Initial Setting Times of Silicate-Type 
Chemical-Resistant Mortars, and the 
proposed Method of Test for Absorption 


? The letter ballot vote on these reeommenda- f 
tions was favorable; the results of the vote are on ; 


record at ASTM Headquarters. 


: 
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and Apparent Porosity of Chemical- 
Resistant Mortars, referred to earlier 
in this report. 

Subcommittee T-3 on Chemical Proper- 
ties (G. P. Gabriel, chairman) prepared 
a draft of a method of test for chemical- 
resistance of mortars. The test uses 
weight change and appearance of the 
exposed specimens and test solutions 
as guides for selection of mortars for 
particular applications. The draft will 
be expanded to include compressive 
strength as an added criteria. 

Subcommiliee T-4 on Recommended 
Practices and Identification (W. H. 
Burton, chairman) is revising the Ten- 
tative Recommended Practice for Use 
of Hydraulic Cement Mortars in Chem- 
ical-Resistant Masonry (C 398 - 57 T) 
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as the result of comments from industry. 
The revision may also add recommenda- 
tions on constructions other than floors. 

The subcommittee plans to add a sec- 
tion on chemical-resistance to the rec- 
ommended practices on resin, sulfur, 
and hydraulic mortars. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 25 members; 19 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
BEAUMONT THOMAS, 


Chairman. 
E. A. REINECK, 
Secretary. 
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Committee C-4 on Clay Pipe held one 
meeting during the year: in Atlantic 
City, N. J., on June 18, 1957, during 
the Annual Meeting of the Society. 
The officers elected for the ensuing 
term of two years are as follows: 
Chairman, D. G. Miller. 
Vice-Chairman, C. R. Velzy. ‘fa: 
Secretary, R. G. Scott. age 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee C-4 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Specifications for: 


Extra Strength Clay Pipe (C 200-55 T), 
Extra Strength Ceramic Glazed Clay Pipe 
(C 278-55 T), 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Standard Strength Ceramic Glazed Clay Sewer 
Pipe (C 261 - 54), 

Standard Strength Clay Sewer Pipe (C 13 - 54), 
and 

Standard Strength Perforated Clay Pipe (C 211 
50). 


* Sixth-first Annual Meeting of the Society, 
June 22-27, 1958. 
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These recommendations were ac- 
cepted by the Standards Committee on 
September 13, 1957, and the revised 
Specifications appear in the 1957 Sup- 
plement to Book of ASTM Standards, 
Part 3. 


AMERICAN STANDARDS 


Three of the above specifications had 
been accorded status as American 
Standard by the American Standards 
Assn., namely, C 13, C 211, and C 261. 
The revised specifications were accord- 
ingly presented to the ASA and they 
were approved as American Standard 
on March 25, 1958. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 27 members; 24 members 
returned their ballots, of whom 23 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


D. G. MILLER, 
Vice-Chairman. 


R. G. Scort, 
Secretary. 
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REPORT OF COMMITTEE C 


Subsequent to the Annual Meeting, Committee C-4 presented to the Society through 
the Administrative Committee on Standards the following recommendations: ieee. 
New Tentative Specification for: 
mt Jointing Vitrified Clay Pipe (C 425-58 T). 7 


1 
Revision and Reversion to Tentative of Recommended Practice for: 9 


Installing Vitrified Clay Sewer Pipe (C 12 - 54). 


These recommendations were accepted by the Standards Committee on September 9, 
1958, and the new tentative specification and revised recommended practice appear 


in the 1958 Book of ASTM Standards, Part 5. iwi 
ty 
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Committee C-7 on Lime held two 
meetings during the year: on June 18, 
1957 in Atlantic City, N. J., during the 
Annual Meeting of the Society, and on 
February 14, 1958, in St. Louis, Mo. 
during ASTM Committee Week. 

The committee has adopted new By- 
Laws. Committee C-7 relinquished rep- 
resentation on Committee D-19 on In- 
dustrial Water. The committee also 
relinquished joint jurisdiction of the 
Tentative Specification for Inorganic 
Aggregates for Use in Gypsum Plaster 
(C 35-57 T), this standard now being 
under the sole jurisdiction of Committee 
C-11 on Gypsum. 

The committee consists of 52 mem- 
bers, of whom 25 are classified as pro- 
ducers, 7 as consumers, 18 as general in- 
terest, and 2 honorary members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. A. Murray. 

Vice-Chairmen, W. C. Voss, 
Thomas. 

Secretary, L. E. Johnson. 


R. K. 


NEW TENTATIVE 


The committee recommends for publi- 
cation as tentative the Proposed Specifi- 
cation for Quicklime and Hydrated Lime 
for Sand-Lime Products as appended 
hereto.' 


* Sixty first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part4. 
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ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision of Section 18 of the 
Methods of Physical Testing of Quick- 
lime and Hydrated Lime (C 110-57)? 
be approved for reference to letter bal- 
lot of the Society for adoption as stand- 
ard. 


REVISIONS OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Methods of Chemical Anal- 
ysis of Limestone, Quicklime, and Hy- 
drated Lime (C 25 -47),? and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 

Section 27.—Add a new Paragraph (c) 
to read as follows: 


(c) Combired water in quicklime is calculated 
from loss on ignition determination and carbon 
dioxide determination, as follows: 


Loss on ignition — CO. = combined H,O 


Combined water in hydrated lime is calculated 
from loss on ignition determination, carbon 
dioxide determination, and mechanical moisture 
determination, as follows: 


Loss on ignition — (COz + mechanical 
moisture) = combined H,O 


21955 Book of ASTM Standards, Part 3. 
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REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 


Standard Specifications for: 
Normal Finishing Hydrated Lime (C 6-49), 
— Finishing Hydrated Lime (C 206 — 49), 
an 
Hydrated Lime for Masonry Purposes (C 207 - 
49). 
TENTATIVE CONTINUED WITHOUT 
REVISION 
The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Specification for Fly Ash for Use 
as a Pozzolanic Material with Lime 
(C 379-56 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Standard Meth- 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 


record at ASTM Headquarters. 
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ods of Chemical Analysis of Limestone, 
Quicklime, and Hydrated Lime (C 25 - 
47)2 

Section 26(b).—In the first sentence 
change ‘13.7 ml of HCl” to read “15.7 
ml of HCl.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be rerorted at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 52 members; 38 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. A. Murray, 
Chairman. 
« 


L. E. JoHNSON, 
Secretary. 
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Committee C-8 on Refractories held 
two meetings during the year: the 
ninety-second at Bedford Springs, Pa., 
on October 3, 1957; and the ninety-third 
at St. Louis, Mo., on February 14, 1958. 

The committee consists of 46 mem- 
bers, of whom 24 are classified as pro- 
ducers, 16 as consumers, and 6 as general 
interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. J. Hazel. 

Vice-Chairman, S. M. Phelps. 

Secretary, L. J. Trostel. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following method 
and classifications as appended hereto: 


Method of Test for: 


Thermal Conductivity of Castable Refractories. 


Classification of: 


Silica Refractory Brick, and 

Fireclay and High Alumina Refractory Brick. 
This constitutes a tentative revision of the 
Standard Classification of Fireclay Refrac- 
tories (C 27 - 56). 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions as indicated of the following 
standards: 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 5. 
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Definition of Terms Relating to Refrac- 
tories (C 71 — 55):? 


Revise the following three tentative 
revisions of definitions to read: 


Raw Refractory Dolomite.—Natural dolomite 
which is sufficiently free of fluxing constituents 
and in proper form for use as a refractory mate- 
rial or in refractory products. 

Calcined Refractory Dolomile—Raw refrac- 
tory dolomite which has been heated to a tem- 
perature sufficiently high to decompose the 
carbonate structure and remove chemically com- 
bined volatile constituents. 

Dead-Burned Refractory Dolomite—Raw re- 
fractory dolomite which has been heated to a 
temperature sufficiently high and for a long 
enough time to decompose the carbonate struc- 
ture so as to form primarily calcia and periclase 
in a matrix that provides resistance to subse- 
quent hydration and recombination with carbon 
dioxide. 

Specification for Fireclay-Base Castable 
Refractories for Boiler Furnaces and 
Incinerators (C 213 —- 55):? 

Table I—Change to read as indi- 
cated in the accompanying Table I. 
ADOPTION OF TENTATIVE AS STANDARD 

WirHovut REVISION 

The committee recommends that the 
Tentative Method of Test for Bulk Den- 
sity of Granular Refractory Materials 
(C 357-55 T)? be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions of the following stand- 


21955 Book of ASTM Standards, Part 3. 
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ards be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


Classification of Fireclay Refractories (C 27 - 
56),° 

Method for Basic Procedure in Panel Spalling 
Test for Refractory Brick (C 38 — 52)? (tenta- 
tive revisions of Sections 5 and 6 only), and 

Specification for Fireclay-Base Castable Refrac- 
tories for Boiler Furnaces and Incinerators 
(C 213 - 55).? 


WITHDRAWAL OF TENTATIVE REVISION 


The committee recommends the with- 
drawal of the portion of the tentative 
revision, issued June, 1956,* of the Stand- 
ard Definition of Terms Relating to Re- 


TABLE I.—REQUIREMENTS FOR 
FIRECLAY-BASE CASTABLE REFRAC- 
TORIES. 

(Revision of Table I, Specification C 213) 


Test Requirements Class B Class C 


Permanent linear shrink- 
age, not more than 1.5 
per cent after heating 

(1260 C) | (1370 C) 


Modulus of rupture, not 

less than 300 psi after. .| drying at 220 to 
230F (105 to 
110 C) 


fractories (C 71 — 55),? consisting of defi- 
nitions for abutment, acid proof brick, 
American bond, arch, arch brick, air 
ramming, and air set. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 


Standard Method of: 


Testing Refractory Brick Under Load at High 
Temperatures (C 16 —- 49), 

Panel Spalling Test for High-Duty Fireclay 
Brick (C 107 - 52), 


31956 Supplement to Book of ASTM Stand- 
ards, Part 3. 


Panel Spalling Test for Super Duty Fireclay 
Brick (C 122 — 52), and 

Panel Spalling Test for Fireclay Plastic Refrac- 
tories (C 180 - 47). 


Standard Methods of Test for: 


Apparent Porosity, Water Absorption, Apparent 
Specific Gravity, and Bulk Density of Burned 
Refractory Brick (C 20 - 46), 

Sieve Analysis and Water Content of Refractory 
Materials (C 92 - 46), 

Reheat Change of Refractory Brick (C 113 - 46), 

Size and Bulk Density of Refractory Brick (C 
134 - 41), 

True Specific Gravity of Refractory Materials 
(C 135 - 47), 

Warpage of Refractory Brick and Tile (C 154- 
41), 

Combined Drying and Firing Shrinkage of Fire- 
clay Plastic Refractories (C 179 - 46), 

Workability Index of Fireclay Plastic Refrac- 
tories (C 181 - 47), 

Thermal Conductivity of Insulating Fire Brick 
(C 182 - 47), 

Bonding Strength of Air-Setting Refractory 
Mortar (Wet Type) (C 198 - 47), 

Refractoriness of Air-Setting Refractory Mortar 
(Wet Type) (C 199-47), 

Thermal Conductivity of Refractories (C 201 - 
47), 

Thermal Conductivity of Fireclay Refractories 
(C 202 - 47), and 

Reheat Change of Insulating Fire Brick (C 210 - 
46). 


Standard Specifications for: 


Ground Fire Clay as a Mortar for Laying-Up 
Fireclay Brick (C 105 - 47), 

Fireclay Plastic Refractories for Boiler and In- 
cinerator Services (C 176-47), and 

Air-Setting Refractory Mortar (Wet Type) for 
Boiler and Incinerator Services (C 178 - 47). 


Standard Symbols for: 


Heat Transmission (C 108 — 46). — 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Methods for Chemical Analysis of 
Refractory Materials (C 18-56 T). 


The recommendations in this report 
have been submitted to letter ballot of 
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the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(R. P. Stevens, chairman) has supplied 
revisions on the following surveys: “Re- 
fractory Service Conditions in By-Prod- 
uct Coke Ovens,” and “Refractory 
Service Conditions in Continuous Glass 
Furnaces.” 

Subcommitiee II on Research (R. B. 
Sosman, chairman) is working on the 
problem of a test for permeability to 
gases. Tests for refractories under load 
are also being studied. 

Subcommillee III on Tests (S. M. 
Phelps, chairman) recommended that 
Method C 269-55 T be adopted as a 
standard test for permanent linear 
change in firing of castable refractories. 

Section A on Load (A. J. Metzger, 
chairman) is working on a high-tempera- 
ture load test for mullite refractories. 

Section B on Spalling (L. J. Trostel, 
chairman) is cooperating with the Ameri- 
can Iron and Steel Inst. Refractory Com- 
mittee in the Spalling Test for Blast 
Furnace Brick. It is also considering the 
Phelp’s hot plate method for deter- 
mining the resistance to spalling of silica 
brick. 

Section C on Temperature (J. L. Car- 
ruthers, chairman) is cooperating with 
the National Bureau of Standards on the 
investigation of a standard PCE furnace. 

Section D on Precision and Tolerances 
(Winston Duckworth, chairman) has 
been reinstituted. The section plans a 
Statistical study of factors influencing 
strength of certain nonrectilinear shape, 
and a restudy of present size tolerances 
of brick specifications. 

Section E on Chemical Analysis (H. A. 
Heiligman, chairman)—The two new 


tions was favorable; the results of the vote are on 


On REFRACTORIES 


261 


now available at the National Bureau 
of Standards. They are also arranging for 
a new supply of crushed chrome ore for 
standard sample No. 103 which has been 
exhausted. 

The Task Force on Hydration (G. R. 
Eusner, chairman) has developed pro- 
cedures for determining the resistance to 
hydration of basic brick, magnesite 
grains and dolomite grains. 

Section F on Refractory Insulation 
(W. L. Stafford, chairman) is working on 
a Class 30 type of insulating brick as 
well as a specification for insulating fire 
brick. 

Section G on Porosity and Permanent 
Volume Change (L. C. Hewitt, chair- 
man) is making a study of a standard 
method using mercury displacement in- 
stead of water for materials which hy- 
drate; also a method for determining the 
size and bulk density of insulating fire 
brick. 

Section H on Mortars, Plastics and 
Castables (G. H. Anthony, chairman) is 
making a study of the new T.R.I. casta- 
ble consistency apparatus. 

Section J on Carbon Monoxide Dis- 
integration (K. A. Baab, chairman) is 
making further studies on the 1957 re- 
visions for C 288 — 56. 

Subcommittee IV on Heat Transfer 
(C. L. Norton, chairman) is working on 
a test for the thermal conductivity of 
plastic refractories. Tests for carbon 
refractories are being investigated. 

Subcommittee VI on Nomenclature (A. 
W. Allen, chairman) is making a study 
of those terms in the Glossary that need 
defining and four definitions of various 
classes of carbon refractories. 

Subcommittee VII on Specifications 
(J. D. Sullivan, chairman) is cooperating 
with the ad hoc committee which is mak- 
ing a study of pouring pit refractories. 
The ad hoc Subcommittee on Pouring 
Pit Refractories has submitted a pro- 
posed specification for study by the main 


record at ASTM Headquarters. = committee. 
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Subcommitiee VIII on Editorial (W.R. 
Kerr, chairman) has finished the work on 
the new Eighth Edition of the manual. 
Committee C-8 is very appreciative of 
the work done. 

Subcommittee IX on Classifications (J. 
A. Kayser, chairman) has submitted a 
tentative classification of silica brick. 
This committee is also working on a pro- 
posed classification of raw dolomite, cal- 
cine dolomite and dead burned dolomite. 

Subcommitiee XI on Special Refrac- 
tories (A. Maupin, chairman) is continu- 
ing the study of the classification of mul- 
lite refractories. 

Subcommittee XII on Carbon Refrac- 
tories (E. B. Snyder, chairman) has pro- 
posed a reheat test for carbon refrac- 
tories; it also has submitted a proposed 
nomenclature of carbon brick. Tests on 
thermal conductivity, alkali attack, and 
dlod bas oxte 
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permeability of carbon brick are under 
study. 

Subcommittee XV on Basic Granular 
Refractories (J. J. Hazel, chairman) is 
cooperating with various steel companies 
and suppliers of dead burned dolomite in 
an effort to develop suitable tests to eval- 
uate this type of refractory material. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 46 members; 46 members re- 
turned their ballot, of whom 45 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, = 
J. Hazen, 
Chairman. 
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Committee C-9 on Concrete and 


Concrete Aggregates held two meetings 
during the year: on June 19, 1957, 
in Atlantic City, N.J., during the 
Annual Meeting of the Society, and on 
December 6, 1957, at Fortin de las 
Flores, Veracruz, Mexico. 

The committee adopted memorials 
to Lee W. Walter who died on August 
7, 1956 and who had been a member of 
the committee since 1916 and later an 
honorary member, and to Henry L. 
Kennedy, a member of the committee 
for 17 years and at the time of his death, 
on September 10, 1957, its vice-chairman. 

The committee elected I. L. Tyler 
as Vice-Chairman and E. W. Bauman 
as a member of the Executive Sub- 
committee to fill vacancies. 

The Sanford E. Thompson Award, 
established by the committee in 1938 
in honor of its first chairman, is made for 
a paper of outstanding merit on con- 
crete aggregates presented before the 
Society. The award this year is being 
made to Tien S. Chang and Clyde E. 
Kesler of the University of Illinois for 
their paper entitled “Correlation of 
Sonic Properties of Concrete with 
Creep and Relaxation,” presented at the 
Fifty-ninth Annual Meeting of the 
Society, June 1956. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, W. H. Price. 
Vice-Chairman, I. L. Tyler. 
Secretary, Bryant Mather. 


wind 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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The committee recommends for publi- 
cation as tentative the proposed Tenta- 
tive Method of Test for Abrasion Re- 
sistance of Concrete, as appended 
hereto.! 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as_ tentative: 


Tentative Method of Test for Funda- 
mental Transverse, Longitudinal, and 
Torsional Frequencies of Concrete 
Specimens (C 215 — 55 T):? 


Section 1—Add a new Paragraph 
(b) to read as follows, lettering the 
present paragraph as (a): 


(6) The method is intended primarily for 
detecting significant changes in the dynamic 
modulus of elasticity of laboratory or field test 
specimens that are undergoing exposure to 
weathering or other types of potentially de- 
teriorating influences. It may be used to assess 
the uniformity of field concrete but it should not 
be considered as an index of compressive or 
flexural strength nor as an adequate test for es- 
tablishing the compliance of the modulus of 
elasticity of field concrete with that assumed in 
design. Comparison of results from specimens 
of different sizes or shapes should be made with 
caution since different computed values for the 
dynamic modulus of elasticity may result from 
widely different resonant frequencies of speci- 
mens of different sizes and shapes of the same 
concrete. 


Section 2(a)—Add a Note to read 
as follows: 


1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 4. 
21955 Book of ASTM Standards, Part 3. 
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Norte.—It is recommended that the calibra- 
tion of the variable frequency audio oscillator be 
checked periodically against signals transmitted 
by the National Bureau of Standards radio sta- 
tion WWYV, or against suitable electronic equip- 
ment such as a frequency counter, the calibration 
of which has been previously checked and found 
to be adequate. 


Tentative Specifications for Packaged, 
Dry, Combined Materials for Mortar 
and Concrete (C 387 56 Revise 
as appended hereto.‘ 


Tentative Specification for Raw or 
Calcined Natural Pozzolans for Use 
as an Admixture in Portland Cement 
Conerete (C 402 — 57 T):5 
Section 8(c).—Change the second sen- 

tence to read as follows: “The portland 

cement used in the control mix shall 
meet the requirements of the Specifi- 
cations for Portland Cement (ASTM 

Designation: C 150) and shall be the 

type and, if available, the brand of 

cement to be used in the work.” 


REVISION OF STANDARDS AND | 
REVERSION TO TENTATIVE | 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentative: 


Standard Method of Test for Measuring 
Mortar-Making Properties of Fine 
Aggregate (C 87 

Section 1—Delete the last sentence. 

Section 2—Add to the end of the 
first sentence the words “unless otherwise 
specified.” 


Standard Method of Testing Air- 
_ Entraining Admixtures for Concrete 
(C233 55):? 

_ Section 7—At the end of Paragraphs 
(b) and (e) change “(Note 1)” to read 
“(Notes 1 and 2).” 


31956 Supplement to Book of ASTM Stand- 
ards, Part 3. 

4 The revised tentatives and standards appear 
in the 1958 Book of ASTM Standards, Part 4. 

51957 Supplement to Book of ASTM Stand- 
ards, Part 3. 


REPORT OF COMMITTEE C-9 = 


= 


Delete the present Note 2 at the 
end of the section and replace with a 
new Note to read as follows: 


Note 2.—Applicable only when specifically 
required by the purchaser for use in structures 
where flexural strength, bond strength, or vol- 
ume change may be of critical importance. 


Standard Specifications for Waterproof 
Paper for Curing Concrete (C 171 - 
56):! 


Section 4.—Change to read as follows: 


4. The paper, when tested in accordance with 
the Method of Test for Wet Tensile Breaking 
Strength of Paper and Paper Products (ASTM 
Designation: D 829), shall conform to the fol- 
lowing requirements: 


Direction 
Machine Cross 
Wet tensile breaking 
strength, lb per in. of 


Standard Specifications for Air-Entrain- 
ing Admixtures for Concrete (C 
260 — 54):° 


Section 3—Delete the first three 
lines, from the words “Unless other” 
through the words “contracting parties.” 

Paragraphs (c), (e), and (f)——Add the 
parenthetical phrase ‘‘(Note 1)” at the 
end of each of the paragraphs. 

New Note—Add a new Note 1 at 
the end of Section 3 to read as follows: 

Nore 1.—Applicable only when specifically 
required by the purchaser for use in structures 
where flexural strength, bond strength, or vol- 
ume change may be of critical importance. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Method of Test for Air Con- 
tent of Freshly Mixed Concrete by the 
Volumetric Method (C 173-55 T)? be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 
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ADOPTION OF TENTATIVES AS STANDARD 
WITH REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Specifications for Ready- 
Mixed Concrete (C 94-55 T):? 


Section 3(a)(1)—Delete this para- 
graph and replace with the following: 


(1) Cement.—Cement shall conform to the 
Standard Specifications for Portland Cement 
(ASTM Designation: C 150), the Standard 
Specifications for Air-Entraining Portland 
Cement (ASTM Designation: C 175) or the 
Tentative Specifications for Portland Blast- 
Furnace Slag Cement (ASTM Designation: C 
205). These different cements will produce con- 
cretes of different properties and should not be 
used interchangeably. The purchaser should 
specify the type or types required, but if no type 
is specified, the requirements of type I as pre- 
scribed in Specifications C 150 shall apply. 


Section 6(a).—Change the first sen- 
tence to read: “Cement shall be meas- 
ured by weight, or if permitted by the 
purchaser, in bags of standard weight 
(Note 4).” 

New Note——Add a new Note 4 at the 
end of Section 6(a) to read: “Notre 4.—In 
the United States the standard weight 
is 94 lb.” 

Section 9—Change Paragraph (e) to 
read as follows: 


(e) When the concrete is mixed in a truck 
mixer loaded to its maximum capacity, the 
number of revolutions of the drum or blades at 
mixing speed shall be not less than 70 nor more 
than 100. If the batch is at least } cu yd less than 
the maximum capacity, the number of revolu- 
tions at mixing speed may be reduced to not less 
than 50. All revolutions after 100 shall be at 
agitating speed. 


Change the first sentence of Paragraph 
(g) to read as follows: 


(g) When a truck mixer or agitator is used 


On CONCRETE AND CONCRETE AGGREGATES 


for transporting concrete, the concrete shall be | 


delivered to the site of the work and discharge 
shall be completed within 14 hr, or before the 
drum has been revolved 300 revolutions, which- 
ever comes first, after the introduction of the 
mixing water to the cement and aggregates, or 
the introduction of the cement to the aggregates, 
unless a longer time is specifically authorized by 
the purchaser. 


Section 13——Change the last sentence 
to read: ‘‘In the event of a second failure, 
the concrete shall be considered to have 
failed to meet the requirements of the 
specification.” 

Section 15——Change Paragraph (a) 
to read as follows: 


15. (a2) When strength is used as a basis for 
acceptance of concrete, standard test specimens 
shall be made in accordance with the Standard 
Method of Making and Curing Concrete Com- 
pression and Flexure Test Specimens in the Field 
(ASTM Designation: C 31). The specimens shall 
be cured under standard moisture and tempera- 
ture conditions in accordance with Section 7 (a) 
and (6) of Method C 31 (see Section 18). Strength 
tests shall be made frequently by the purchaser 
and, in general, not less frequently than one 
strength test for each 50 loads of each class of 
concrete, except that in no case shall a given 
class of concrete be represented by less than 
three tests. 


Change Paragraph (d) to read as 
follows: 


(d) To conform to the requirements of these 
specifications, the average of all of the strength 
tests (see Section 15 (b)) representing each class 
of concrete, as well as the average of any five 
consecutive strength tests representing each 
class of concrete, shall be equal to or greater 
than the specified strength, and not more than 
one test in ten shall have an average value less 
than 90 per cent of the specified strength. 
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Section 18(a)—Change to read as 
follows: 

(a) Compression Test Specimens.—Method of 
Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field (ASTM 
Designation: C 31) using standard moist curing 


in accordance with Section 7(a) and (b) of 
Method C 31. 


Tentative Method of Test for Bleeding 
of Concrete (C 232 — 56 T):* 


Section 3(b).—Change the first sen- 
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tence to read: “Fill the container with 
the concrete in accordance with Section 
5 of the Method of Test for Weight Per 
Cubic Foot, Yield and Air Content 
(Gravimetric) of Concrete (ASTM Desig- 
nation: C 138), except that the container 
shall be filled to a height of 10 + ? in.” 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions of the Standard 
Definitions of Terms Relating to Con- 
crete and Concrete Aggregates 
(C 125-56)? issued in June 1955 be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


a REVISION OF STANDARDS, 
4 IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and ac- 
_cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society. 


Standard Method of Test for Slump 
of Portland-Cement Concrete 

(C 143-52)? Revise as appended 

 hereto.* 

Standard Specifications for Liquid Mem- 
brane-Forming Compounds for Curing 
Concrete (C 309 — 56):* 


Section 2——Change the last sentence 
of Paragraph (c) to read: “When applied 
to concrete at the specified rate of 
application, the compound shall exhibit a 
daylight reflectance of not less than 60 
per cent of that of magnesium oxide.” 

In Paragraph (d) delete the words 
“after exposure to sunlight for 3 days” 
and “apparent” from the last sentence. 

Section 10(b)—Delete the word “ap- 
parent” from the first line. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision. 


Standard Methods of Test for: 


Voids in Aggregate for Concrete (C 30 - 37), 

Surface Moisture in Fine Aggregate (C 70 — 47), 

Cement Content of Hardened Portland Cement 
Concrete (C 85 — 54), 

Amount of Material Finer than No. 200 Sieve in 
Aggregate (C 117 — 49), 

Flow of Portland Cement Concrete by Use of the 
Flow Table (C 124 - 39), 

Specific Gravity and Absorption of Coarse Ag- 
gregate (C 127 - 42), 

Sieve Analysis of Fine and Coarse Aggregates 
(C 136 — 46), and 

Weight Per Cubic Foot, Yield, and Air Content 
(Gravimetric) of Concrete (C 138 - 44). 


Standard Method of: 


Sampling Fresh Concrete (C 172 — 54), and 
Measuring Length of Drilled Concrete Cores 
(C 174-49). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Method of Test for: 


Soundness of Aggregates by Use of Sodium Sul- 
fate or Magnesium Sulfate (C 88 - 56 T), 

Water Retention Efficiency of Liquid Mem- 
brane-Forming Compounds and Impermeable 
Sheet Materials for Curing Concrete (C 156- 
55T), 

Volume Change of Cement Mortar and Concrete 
(C 157 —-54T), 

Potential Alkali Reactivity of Cement-Aggregate 
Combinations (C 227 - 52 T) (Nore.—During 
the year, at the request of Committee C-1 on 
Cement, Committee C-9 assumed jurisdiction 
over this method), 

Resistance of Concrete Specimens to Rapid 
Freezing and Thawing in Water (C 290- 
57T), 

Resistance of Concrete Specimens to Rapid 
Freezing in Air and Thawing in Water 
(C 291 -57T), 

Resistance of Concrete Specimens to Slow Freez- 

ing and Thawing in Water or Brine (C 292 - 

57T), 
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Resistance of Concrete Specimens to Slow 
Freezing in Air and Thawing in Water 
(C 310 -57 T), and 

S Volume Change of Concrete Products (C 341 - 

$s 54 T) (Note.—By action of the ASTM Board 

of Directors in May 1958, jurisdiction over 
this method was reassigned to ASTM Com- 
mittee C-15 on Manufactured Masonry Units). 


Tentative Specifications for: 


Lightweight Aggregates for Structural Concrete 
(C 330-53 T), 

Lightweight Aggregates for Concrete Masonry 
Units (C 331-53 T), and 

Lightweight Aggregates for Insulating Con- 
crete (C 332 —-56T). 


: The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
t will be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Group I on Administration (I. L. 
Tyler, chairman).—There are five sub- 
groups within Group I which deal with 
special phases of Committee C-9 re- 
quirements not covered by Groups II 
and III. The work of Subcommittee 
" I-d (Editorial and Definitions) is closely 
" allied with that of Groups II and III. 

Subcommittee I-c submitted recom- 
mendations for conferring the Sanford 
E. Thompson Award, a task requiring a 
4 great deal of reading and thought on the 
part of its members. Subcommittee I-c 
. has carried out its exacting assignment of 
- reviewing standards for their editorial 
and definition usages. Subcommittee I-b 
has arranged two sessions to be held dur- 
ing the Annual Meeting in June. Sub- 


6 committees I-a and I-e have also been 
a active in their fields of Finance and Mem- 
bership respectively. 


Group II on Research (L. E. Gregg, 
™ chairman).—Activities of the Group II 
or Research Subcommittees have been 
d highly productive during the past year. 
All seven held at least one meeting and 


; 6 The letter ballot vote on these recommenda- 
- tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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all but one met on both occasions of the - 
meeting of Committee C-9. 

In addition to the actions regarding 
tentatives and standards mentioned 
previously in the report, proposed 
tentative methods or recommended > 
practices in three areas of interest were 
developed for the consideration of 
Committee C-9. These include a Tenta- 
tive Method of Test for Static Modulus 
of Elasticity and Poisson’s Ratio of 
Molded Concrete Specimens in Com-— 
pression, and a Tentative Method of © 
Test for Creep of Concrete in Com- 
pression, both the results of thorough 
study by Subcommittee II-c. Under the 
auspices of Subcommittee II-g a Recom- 
mended Practice for Determining Air 
Void Characteristics of Hardened Con- — 
crete was brought to virtual completion | 
with only minor details to be resolved 
before it is submitted to the membership — 
of C-9. 

Research projects involving tests 
among several cooperating laboratories 
were initiated or extended by Sub- 
committees II-b and II-g. The former 
project is based on results of the Mc- 


concretes containing various 
nations of cements and aggregate 
have been under observation approxi- 
mately ten years for evidences of 
deterioration through cement-aggregate 
reactions. The intent of the cooperative 
investigation is to give added signifi- 
cance to results from the standpoint 
of laboratory tests, particularly micro- 
scopic examination for definition of 
constituents and the products of differ- 
ent types of reactions. 

Cooperative research on measurable 
properties of aggregates which may be 
related to the characteristics of aggre- 
gate pores and believed to be of im- 
portance in the resistance of concrete 
to freezing and thawing was extended 
by Subcommittee Il-g. Data on the 
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aggregates were accumulated and are 
in the process of analysis. Companion 
freezing-and-thawing tests on concrete 
specimens containing the different aggre- 
gates are under way, and the correlative 
data will be available in the near future. 

Work similar to cooperative research 
is being conducted by Subcommittee 
II-b through two task groups appointed 
during the past year. One deals with a 
critical review on alkali-aggregate re- 
action with respect to tests for pozzolans 
effective in minimizing the expansion 
caused by the reaction. The other group 
is reviewing results of tests from many 
sources, apparently defining a reaction 
different from the alkali-aggregate re- 
action and presently evaluated by the 
Conrow test. 

_ Changes in scopes of Subcommittee 

Il-a and II-c were proposed, the latter 
as a means for dealing with a larger 
number of factors considered influentia! 
in elastic and inelastic properties of 
concrete. In the case of Subcommittee 
Il-a, the intent is to render a broader 
service to other subcommittees through 
assistance in the design of experiments 
for maximum statistical significance, and 
advice in statistical analysis of their 
data. 

Group III on Specifications and 
Test Methods (Stanton Walker, chair- 
man).—During the year a critical 
review was made of the scope of activi- 
ties of each of the 17 subcommittees and 
_ their personnel reviewed. All subcom- 
mittees are productively active. 


While the accomplishments of the 
subcommittees are revealed by standards 
presented, some reference to work under 
way should be of interest. Brief mention 
of a very few of the more important 
projects, without reference to the re- 
sponsible subcommittee, follows: 


1. A comprehensive investigation of 
the effect on strength of the ratio of 
length to diameter of test specimen. 

2. Consideration of a procedure for 
determining the cement content of fresh 
concrete, with one of its principal ob- 
jectives being measurement of efficiency 
of concrete mixers. 

3. Major revisions in the method of 
test for abrasion of coarse aggregate 
by use of the Los Angeles machine 
(ASTM Designation: C 131) through a 
joint committee representing Com- 
mittees C-9 and D-4. 

4. A review of the question of mixing 
time requirements of stationary mixers 
in relation to their size; the need for 
such review is indicated by the new 
types of mixers being manufactured and 
also by the very much larger sizes being 
used than when current specification 
requirements were written. 

5. Development of appropriate defini- 
tions for initial and final setting times 
of concrete. 

6. Development of a procedure for 
evaluating the performance of concrete 
aggregates by freezing and thawing in 
concrete. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 164 active members com- 
manding 127 votes plus 6 honorary 
members having voting privileges; 148 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. H. Price, 
Chairman. 

Secretary. 
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GYPSUM* 


Committee C-11 on Gypsum held two 
meetings during the year: in Atlantic 
City, N. J., on June 19 and 20, 1957, 
and in St. Louis, Mo., on February 10 
and 11, 1958. 

The committee has brought to the at- 
tention of the Administrative Com- 
mittee on Research a suggested project 
on Drying of Plaster Prior to Painting 
for inclusion in the ACR “Challenges in 
Materials Research.” 

The committee consists of 37 mem- 
bers, of whom 14 are classified as pro- 
ducers, 8 as consumers, 12 as general 
interest, and 3 consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, G. W. Josephson. 

Vice-Chairman, B. W. Nies. 

Secretary, R. H. Faber. 

Members of Executive Committee: tb 
Max Barth. 
Theodore I. Coe. 
E. T. Carlson. —_ 
O. H. Storey, Jr. 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specifications for Precast 
Reinforced Gypsum Slabs (C 377 - 
56 T):! 


Section 3.—Delete this section, re- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

11956 Supplement to Book of ASTM Stand- 
ards, Part 3. 


numbering the subsequent sections ac- 
cordingly. 


Tentative Specifications for Annular 
Ringed Nails for Gypsum Wallboard 
(C 380 - 56 T):! 

Section 1.—Change to read as follows: 


1. These specifications cover annular ringed 
(complete circle) steel wire nails designed for use 
in the application of 3-in., }-in., and 3-in. gypsum 
wallboard. 


Section 3(b).—Change to read as 
follows: 


(6) The length of nails for application of 
gypsum wallboard of various thicknesses shall 
be as follows: 


Thickness of Wallboard, in. Length of Nail, in. 


IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specifications for Gypsum 
Plasters (C 28 — 55):? 


Section 6.—Change to read, “Gypsum 
ready-mixed plaster shall have a com- 


21955 Book of ASTM Standards, Part 3. 
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pressive strength of not less than 400 
psi.” 

Section 22.—Change to read as fol- 
lows: 


22. The chemical analysis and physical 
properties of gypsum plaster shall be determined 
in accordance with the Methods of Testing 
Gypsum and Gypsum Products (ASTM Desig- 
nation: C 26), except that the methods for 
chemical analysis contained therein are not 
applicable to gypsum ready-mixed plaster, 
gypsum wood-fibered plaster, or gypsum con- 
crete. 


Standard Specifications for 
‘Wallboard (C 36 -55):? 


Gypsum 


_ Section 2.—Delete the last sentence 
and replace with the following: 


Type (special fire retardant) desig- 
nates gypsum wallboard, complying with this 
specification, which provides at least: (1) 1-hr 
fire retardant ratings for 3 in. thick; or (2) ?-hr 
fire retardant ratings for 4 in. thick gypsum 
wallboard applied in single layer nailed applica- 
tion on each face of load-bearing wood framing 
members when tested in accordance with the re- 

* quirements of Fire Test of Building Constructions 
and Materials (ASTM Designation: E 119). 


oy 


Add a Note 1 to this section to read 
as follows, renumbering subsequent 
Notes accordingly: 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. | 
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Norte 1.—Consult manufacturers for inde- 
pendent test data on assembly particulars, 
materials, and ratings for other types of con- 
struction. 


Section 5(c).—Change the maximum 
length from “14 ft” to read “16 ft.” 


Standard Definitions of Terms Relating 
to Gypsum (C 11 - 55):? 


Add the following new definition: 


Gypsum Formboard.—A sheet or slab having 
an incombustible core, essentially gypsum, sur- 
faced on the exposed side with a fungus-resistant 
paper and on the reverse side with paper suitable 
to receive poured-in-place gypsum concrete. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 34 voting members; 22 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. W. JosEPHson, 


Chairman. 
O. H. Storey, Jr., 


Secretary. 
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Committee C-12 on Mortars for Unit 
Masonry held two meetings during the 
year: on June 20, 1957, in Atlantic City, 
N. J., and February 13, 1958, in St. 
Louis, Mo. 

A successful symposium on mortars 
was held in St. Louis on February 13. 
Several papers were presented to an 
audience of approximately 100 technical 
men from the building industry. 

The committee consists of 47 members, 
of whom 8 are classified as consumers, 18 
as producers, and 21 as general interest 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, R. E. Copeland. 

Vice-Chairman, Harry C. Plummer. 

Secretary, C. U. Pierson, Jr. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Ten- 
tative Specifications for Aggregate for 
Masonry Mortar (C 144-52 T).! 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
11955 Book of ASTM Standards, Part 3. 
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SUBCOMMITTEE ACTIVITIES 


Subcommittee II on Research and Meth- 
ods of Test (P. L. Rogers, chairman) 
proposes to coordinate activities with 
the sponsoring committee on Masonry 
Cement of Committee C-1 on Cement, 
toward improved methods of test on 
masonry mortars. 

Subcommitiee III on Specifications 
(H. C. Plummer, chairman) is preparing 
an entirely new specification for Mortar 
for Reinforced Masonry to replace the 
existing specification C 161 T. 

Subcommittee IV on Aggregates (D. L. 
Bloem, chairman) is studying the effect 
of sieve analysis of sands on the per- 
formance of mortars. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 47 members; 38 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. E. CopeLanp, 
Chairman. 


C. U. Prerson, 


siniban 


cretary. 

Se alt lo 
- 819) ted stein 


adt in atey 


7 
le- 
n- 
m load 
ty, 
ng 
ng 
ur- 
int 4 
dle 
) 
rt 
of 
ill 
to 
ch 
n- 
m 
of 
nN, 
4 
; 


ere 
> Ta 


io 


Committee C-13 on Concrete Pipe 
held one meeting during the year: in 
_ Chicago, Ill. on October 29, 1957. 

The committee consists of 42 members 
of whom 18 are classified as producers, 

rz as consumers and 8 as general interest 
members. 

A new subcommittee has been organ- 
ized to study provisions for rubber 
_ gaskets in the several specifications where 

such gaskets are appropriate (C. A. 
Bluedorn, chairman). 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee C-13 presented to the 
Society, through the Administrative 
Committee on Standards, the recom- 
mendation that the Specification for 
Concrete Drain Tile be published as 
_ tentative. This recommendation was ac- 
cepted by the Standards Committee on 
March 31, 1958, and the specification has 
been assigned the designation C 412-58 T. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the Standard Specifications for Con- 
crete Sewer Pipe (C 14-57)! and, ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


11957 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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Meeting in order that these revisions 
may be referred to letter ballot of the 
Society. 

Section 18.—Change to read as follows: 


18. Sound full sized pipe shall be tested for 
leakage under the Permeability Test or Hydro- 
static Test and the following percentage of pipe 
for each method: Permeability Test: 2 per cent 
of the number of pipe of each size included in 
the order, but in no case less than five specimens. 
Hydrostatic Test: 4 of 1 per cent of the number 
of each size included in the order but in no case 
less than two specimens. 


Section 20.—Change Paragraph (6) to 
read as follows: 


(b) Water pressure as measured by a stand- 
ardized gage attached to the delivery pipe close 
to the specimen shall be internally applied to 
the specimen. The pressure shall be increased 
uniformly to 10 psi and held at this pressure for 
10 min. 


Table III.—Delete Footnote b. 


TENTATIVE REVISION OF STANDARD 


— 


The committee recommends the fol- 
lowing change in the tentative revision? 
issued June, 1954, of the Standard Speci- 
fication for Concrete Pipe for Irrigation 
or Drainage (C 118 - 56). 

Section 5.—Change the footnote to 
read “Where alkali or sulfates are pres- 
ent, sulfate resistant cement shall be 
used in the manufacturing.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 


21956 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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following tentatives be continued with- 
out revision: 


Tentative Specification for: 


Reinforced Concrete Culvert, Storm Drain and 
Sewer Pipe (C 76 —57 T), 

Reinforced Concrete Low-Head Pressure Pipe 
(C 361 —- 57 T), and 

Reinforced Concrete Low-Head Internal Pres- 
sure Sewer Pipe (C 362-55 T). 

! 
The recommendations in this report 


have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Reinforced Sewer 
and Culvert Pipe (C. M. Adams, chair- 
man) will study areas of possible change 
in the new Tentative Specification for 
Reinforced Concrete Culvert, Storm 
Drain and Sewer Pipe (C 76-57 T). 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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Subcommittee III on Irrigation and 
Drain Pipe (A. F. Pillsbury, chairman) 
will continue work on recommended 
changes to the Specification for Non- 
Reinforced Concrete Pipe for Irrigation 
and Drainage (C 118). 

Subcommittee V on Low Head Internal 
Pressure Sewer Pipe (M. Butler, chair- 
man) will continue work on recom- 
mended changes for the Tentative Speci- 
fication for Reinforced Concrete Low- 
Head Internal Pressure Sewer Pipe (C 
362 - 55 T). 


This report has been submitted to 
letter ballot of the committee which 
consists of 42 members; 38 members re- 
turned their ballots, of whom 37 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LITEHISER, 


Chairman. 
Howarp F. PECKwortH, 
Secretary. 
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Committee C-14 on Glass and Glass 
Products held two meetings during the 
year: on October 18, 1957, in Bedford 
Springs, Pa., and on April 30, 1958, in 


Pittsburgh, Pa. 


The committee consists of 50 voting 
members, of whom 16 are classified as 
producers, 18 as consumers, and 16 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. G. Ghering. 

Vice-Chairman, Harold Simpson. 

Secretary, F. V. Tooley. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of ihe following standards 
which have stood for six or more years 
without revision: 


Standard Methods of: 


Chemical Analysis of Glass Sand (C 146 — 43), 

Flexure Testing of Glass (C 158 - 43), 

Internal Pressure Test on Glass Containers 
(C 147-50), and 

Thermal Shock Test on Glass Containers 
(C 149 —- 50). 


The recommendations in this report 
have been submitted to letter ballot of 


the commiitee, the results of which will 
be reported at the Annual Meeting.' 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Nomenclature and 
Definitions (H. H. Holscher, chairman) 
is reviewing the terms relating to 
fatigue and stress rupture with Sub- 
committee 3 on Elastic Strength of 
Materials of Committee E-1 prior to 
defining glass terms in this area. 

Subcommittee II on Chemical Analysis 
(F. W. Glaze, chairman) is working on 
the flame photometric methods to de- 
termine soda, lime, and magnesia in 
glass as well as colorimetric methods of 
determining magnesia and zirconia in 
glass. 

Subcommittee VII on Glass Con- 
lainers (R. E. Mould, chairman) has 
completed an inter-laboratory collabora- 
tive program for an alternate method 
of polariscope examination of glass 
containers which will be added to the 
Method of Polariscopic Examination of 
Glass Containers (C 148). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 members; 35 members 
returned their ballots, of whom 29 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. G. GHERING, 
Chairman. 
F. V. Tootey, 


Secretary. 
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MANUFACTURED MASONRY UNITS on yal) 
Committee C-15 held two meetings New Tentative Specification for: 7 
during the year: on June 21, 1957, in Industrial Floor Brick (C 410-57 T). mt 
Atlantic City, N. J., in conjunction with Z ad 

These recommendations were ac- 


the Annual Meeting of the Society, and 
on February 11, 1958, in St. Louis, Mo., 
during ASTM Committee Week. 

The committee consists of 73 mem- 
bers, of whom 36 are classified as pro- 
ducers, 17 as consumers, and 20 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. W. Whittemore. 

First Vice-Chairman, P. M. Wood- 
worth. 

Second Vice-Chairman, E. F. Wanner. 

Secretary, M. H. Allen. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual 
Meeting, Committee C-15 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Revision of Standard Specifications for: 
Facing Brick (C 216-50), and 
Structural Clay Facing Tile (C 212 - 54). 


Tentative Revision of Standard Methods of: 

Sampling and Testing Structural Clay Tile 
(C 112 - 50). 

Revision of Tentative Specification for: 


Ceramic Glazed Structural Clay Facing Tile, 
Facing Brick and Solid Masonry Units 
(C 126-55 T). 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. a 
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cepted by the Standards Committee on 
November 1, 1957, and they appear in 
the 1957 Supplement to the Book of 
ASTM Standards, Part 3. si 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society. 


Standard Specifications for Sewer Brick 
(Made from Clay or Shale) (C 32- 
50):! 

Section 1.—Revise the first sentence 
to read “‘These specifications cover brick 
made from clay or shale and burned, 
and intended for use in drainage struc- 
tures for the conveyance of sewage, in- 
dustrial wastes, and storm water, and 
for related structures such as manholes.” 

Revise the Note at the end of the 
section to read as follows: 

Nore.—Brick of grade NA are suitable for 
use in catch basins, arches, manholes, and for 
backing. 

Table I.—Add to Footnote a the 
sentence “If the average compressive 
strength is greater than 8000 psi or the 


11955 Book of ASTM Standards, Part 3. 
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average water absorption is less than 
8.0 per cent after 5-hr boiling, the above 
requirement shall be waived.” 

Section 4(b).—Add to the second 
sentence “except that this shall not 
apply to grade NA.” 


Standard Specifications for Building 
Brick (Solid Masonry Units Made 
from Clay or Shale) (C 62 - 57):? 


Section 2(b).—Add the following sen- 
tence ‘When the grade is not specified, 
grade MW shall govern.” 


EDITORIA’, CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Specifications for Building 
Brick (Solid Masonry Units Made 
from Clay or Shale) (C 62 —57):? 


Section 1(a).—Add the following to 
the end of the first sentence: “See Par- 
agraph 2(a)).” 

Section 2(g).—Reletter as 2(a), move 
to the beginning of the section, and re- 
letter the subsequent paragraphs accord- 
ingly. Capitalize the words “Specifica- 
tions for facing brick,” delete period, 
and add “(ASTM Designation: C 216).” 

Explanatory Note A.—Compressive 
Strength—Replace the last sentence 
with the following: 


Allowable working stresses for brick masonry 
laid with units having sevetal compressive 
strengths in several types of mortars are pro- 
vided in American Standard Building Code 
Requirements for Masonry, ASA, A41.3. 


21957 Supplement to Book of ASTM Stand- 
ards, Part 3. 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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Explanatory Note A.—Durability.—In 
the first sentence of the second para- 
graph replace the words “of the same 
raw material” with the words “from the 
same clay deposits.” 

Explanatory Note B.—Initial Rate of 
Suction.—Throughout the note change 
“20 g per min” to read “20 g per min 
per 30 sq in.” 


Standard Methods of Sampling and 
Testing Brick (C 67 - 57):? 


Section 6.—Add the sentence ‘Refer 
to Section 15(a) for the definition of a 
dry specimen.” 


Section 9.—Add to this section “Brick 
shall be tested dry. Refer to Paragraph 
15(a) for the definition of a dry speci- 
men.” 


Standard Specifications for Facing Brick 
(Solid Masonry Units Made from 
Clay or Shale) (C 216 - 57):? 


Explanatory Note 5.—Wherever the 
term “20 g per min” appears, change to 
read “20 g per min per 30 sq in.” 


These recommendations have been 
submitted to letter ballot of the com- 
mittee, the results of which will be re- 
ported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 73 members; 58 members 
have returned their ballots, of whom 57 
have voted affirmatively and 1 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
J. W. Wurrremore, 


Chairman. 
M. H. ALLEN, 
Secretary. 
faa 
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Subsequent to the Annual Meeting, Committee C-15 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


New Tentative Method of: 


Determining the Moisture Condition of Hardened Concrete by the Relative Humidity - 
Method (C 427 58 T), and 
Determining the Drying Shrinkage of Concrete Block (C 426 - 58 T). ahaa! 


Revision of Tentative S pecification for: 
Ceramic Glazed Structural Clay Facing Tile, Facing Brick, and Solid Masonry Units 
(C 126-55). 

Facing Brick (C 216 - 57). oF 
These recommendations were accepted by the Standards Committee on September 9, a 


1958, and the new and revised tentatives and tentative revision of Standard C 216 ap- > e 
pear in the 1958 Book of ASTM Standards, Part 5. UF Vie 


H : | 
—In 
ara- 
ame 
inge 
and 
efer 
of a 
rick 
aph 
eci- 
rick 
rom 
the 
e to 
een 
om- 
re- 
| to 
hich 
bers 
a 57 
f of 
E, 
nan. 


AS 


ory 


‘Stax 


Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees 
held two meetings during the year: at 
Ottawa, Canada, on October 7 to 10, 
1957, and at Hollywood, Fla., on March 
5 to 7, 1958. 

The committee consists of 98 voting 
members, 26 non-voting members, 8 
associate members and 4 honorary 
members. Of the voting membership 49 
are classified as producers, 26 as con- 
sumers, and 23 as general interest 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. L. Gantz. 

Vice-Chairman, W. C. Lewis. 

Vice-Chairman, C. B. Bradley. 

Secretary, J. M. High. 

Assistant Secretary, J. R. Allen. 

Assistant Secretary, Membership, E. 
C. Shuman. 

Member-at-Large to the Executive 
Committee, W. L. Scott. 

During the year the committee was 
unfortunate in losing through death the 
association and friendship of R. K. 
Thulman who had been a member for a 
number of years. 

RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1958 Annual 
Meeting, Committee C-16 presented to 
the Society through the Administrative 


* Sixty-first Annual Meeting of the Society, 


June 22-27, 1958. 
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Committee on Standards a proposed 
Tentative Method of Test for Hot 
Surface Performance of High-Tempera- 
ture Thermal Insulations. The tentative 
method was accepted by the Standards 
Committee on March 31, 1958 and it will 
appear in the 1958 Book of ASTM 
Standards, Part 3, bearing the designa- 
tion C 411-58 T. The method is ap- 
pended hereto.! 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
as appended hereto:! 


Tentative Method of Test for: 

Mechanical Stability of Preformed Thermal In- 
sulation by Tumbling, 

Making and Curing Test Specimens of Mastic 
Thermal Insulation Coatings, 

Thermal Conductivity of Insulating Materials 
at Low Temperatures by Means of the Wilkes 
Calorimeter. 


ADOPTION OF TENTATIVES AS STANDARD 
WirtHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Specifications for: 
Molded Cork Pipe Insulation for Low Tem- 
peratures (C 339 - 55 T), and 


Cellular Glass Thermal Insulation for Pipes 
(C 381 -56T). 


1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 5. _ 
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Tentative Methods of Test for: 
Breaking Strength and Calculated Flexural 


Strength of Preformed Block-Type Thermal 
Insulation (C 203 - 55 T), and 


Wet Adhesion of Thermal Insulating Cements 


to Metal (C 383 - 56T). 
REAPPROVAL OF STANDARDS 


The committee recommends the re- 


approval of the following standards, 
which have stood for six or more years 
without revision: 

Specifications for: 

Mineral Wool Thermal Insulating Cement 


(C 195 - 48). 
Methods of Test for: 


Storage Density of Thermal Insulating Cement 
(C 164 - 52), 

Covering Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(C 166 - 52), 

Thickness and Density of Blanket- or Batt-Type 
Thermal Insulating Materials (C 167-50), 
and 

Thermal Conductivity of Materials by Means 
of the Guarded Hot Plate (C 177 - 45). 


Symbols for: 
Heat Transmission (C 108 - 46). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Specifications for: 


Structural Insulating Board Made from Vege- 
table Fibers (C 208 — 57 T), 

Mineral Wool Batt Insulation (Industrial 
Type) (C 262-55 T), 

Mineral Wool Felt Insulation (Industrial Type) 
for Low Temperatures (C 264-55 T), 

Mineral Wool Molded-Type Pipe Insulation for 
Elevated Temperatures (C 281-52 T), 

Mineral Wool Molded-Type Pipe Insulation for 
Low Temperatures (C 300 - 52 T), 

Diatomaceous Earth Block-Type Thermal In- 
sulation (C 333 - 54T), . 

Diatomaceous Earth Thermal Insulation for 
Pipes (C 334 54 T), 

Calcium Silicate Block-Type Thermal Insula- 
tion (C 344-54T), 


Calcium Silicate Thermal Insulation for Pipes 
(C 345 -54T), 

Mineral Wool Block or Board Thermal Insula- 
tion for Low Temperatures (C 378~56T), 
and 

Mineral Wool Felt Insulation (Industrial Type) 
for Elevated Temperatures (C 382 -56T). 


Tentative Methods of Test for: 

Thermal Conductance and Transmittance of 
Built-up Sections by Means of the Guarded 
Hot Box (C 236 - 54T), 

Thermal Conductivity of Pipe Insulation for 
Pipes (C 335 - 54T), 

Mean Specific Heat of Thermal Insulation 
(C 351-54T), 

Water Vapor Transmission of Materials Used 
in Building Construction (C 355 - 54T), and 

Linear Shrinkage of Preformed High-Tempera- 
ture Thermal Insulation Subjected to Soaking 
Heat (C 356 - 55 T). 

Tentative Methods of Testing: 


Structural Insulating Board Made from Vege- 
table Fibers (C 209 - 57 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee T-VI on Thermal Con- 
ductivity (Dr. H. E. Robinson, chairman) 
plans a study on the revision of the 
Standard Method of Test for Thermal 
Conductivity of Materials by Means of 
the Guarded Hot Plate (C 177 - 45). It 
also intends to promote in all possible 
ways development of calibrated thermal 
conductivity specimens for use in fur- 
thering the agreement and reliability of 
guarded hot plate measurements of 
thermal conductivity at high tempera- 
atures. The committee is also exploring 
methods of measuring thermal conduc- 
tivity at temperatures above 1500 F. 

Subcommittee S-VIII on General 
Standards (H. P. Hoopes, chairman), 
heretofore titled Dimensional Standards, 
will develop standards on such items 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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- related to thermal insulation as do not 
_ fit properly or are not assigned to other 
existing subcommittees such as fire tests, 
handleability, sample plans, etc. 
Subcommittee T-IX on Vapor Trans- 
mission (F. A. Joy, chairman). The study 
of prevalent errors in the application of 
Method of Test for Measuring Water 
Vapor Transmission of Materials in 
Sheet Form (E96-53T) has been 
made. Publication of these results in the 
ASTM Bu has been approved. 
The study of allowable moisture gain by 
the desiccant in the Methods of Test for 
Water Vapor Transmission of Materials 
Used in Building Construction (C 355 - 
54T) is continuing. Future plans 
include: (1) round-robin tests to estab- 
lish the reliability of C 355-54 T; (2) 
approval of standard specimens for 
checking water vapor transmission test 
procedures, and (3) development of re- 
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Subcommittee T-X on Physical Proper- 
ties (Other than Permeance) of Coatings 
Accessory to Thermal Insulation (R. A. 
Johnson, chairman) has been conducting 
round-robin tests on fire resistance on 
thermal insulation coatings. Plans for 
future development include round-robin 
testing on weathering, adhesion, light 
stability, thermal stability, and flexibility 
of thermal insulation coatings. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 98 voting members; 80 
members returned their ballots, of 
whom 76 voted affirmatively and 1 
negatively. 


Respectfully submitted on behalf of 
the committee, 
W. L. Gantz, 


Chairman. 


search programs that merit support by J. M. Hicu, Tim. 
Committee C-16 or the Society. Secretary, ae. 


---—-—- Subsequent to the Annual Meeting, Committee C-16 presented to the Society through 
a. the Administrative Committee revisions of the Tentative Specification for Mineral 
Toa Wool Molded-Type Pipe Insulation for Elevated Temperatures (C 281 - 52 T). The 
ay “ revisions were accepted by the Standards Committee on September 9, 1958, and the 
r . revised specifications appear in the 1958 Book of ASTM Standards, Part 5. Lt}, ee agai! 
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Committee C-18 on Natural Building 
Stones held one meeting during the year: 
on April 17, 1958, at Washington, D. C. 
Meetings of the Advisory Subcommittee 
were held in Washington, D. C. on 
October 25, 1957 and on April 17, 1958. 
A meeting of Subcommittee IV on Speci- 
fications, including several of the work 
groups for specifications, was held con- 
currently with the general meeting of 
the committee on April 17, 1958. 

The Work Groups for Slate and 
Granite have completed specifications for 
these two stones which are referred to 
later in the report. The Marble Group 
expects to present a proposal for a speci- 
fication at a meeting of Committee C-18 
to be held later in the year. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. W. Currier. 

Vice-Chairman, T. I. Coe. 

Secretary, F. S. Eaton. 

The committee consists of 22 members, 
of whom 7 are classified as producers, 
9 as consumers, and 6 as general interest 
members. There are 2 consulting mem- 
bers. 


NEw TENTATIVE 


The committee recommends for pub- 
lication as tentative the Specification for 
Building Granite as appended hereto.' 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 5. 

21957 Supplement to Book of ASTM Stand- 
ards, Part 3. 

31956 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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ADOPTION OF TENTATIVES AS STANDARD 
WirHout REVISION 
The committee recommends that the 
following tentatives be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard without revision: 


Tentative Specification for: 
Roofing Slate (C 406 — 57 T),? end 
ws 


Tentative Method of Test for: 7 as 


Weather Resistance of Natural Slate (C 217 - 
56 


REAPPROVAL OF STANDARDS 


The committee recommends reap- 
proval of the following standards which 
have stood for six or more years with- 
out revision: 

Standard Methods of Test for: 
Absorption and Bulk Specific Gravity of Natural 

Building Stone (C 97 — 47), 

Modulus of Rupture of Natural Building Stone 

(C 99-52), 

Water Absorption of Slate (C 121 — 48), 
Compressive Strength of Natural Building 

Stone (C 170 -50), and 
Abrasion Resistance of Stone Subjected to Foot 

Traffic (C 241 - 51). 

Standard Definition of Terms Relating to: 


Natural Building Stones (C 119 - 50). 
Standard Methods of: 


Flexure Testing of Slate (Modulus of Rupture, 
Modulus of Elasticity) (C 120-52). 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Method of Test for Combined Effect 
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of Temperature Cycles and Weak Salt letter ballot of the committee, which 

Solutions on Natural Building Stone consists of 20 members; 15 members re- 

(C 218— 48 T). turned their ballots, all of whom have 
voted affirmatively. 


The recommendations in this report 
_ have been submitted to letter ballot of : 
the committee, the results of which will Respectfully submitted on behalf of 


be reported at the Annual Meeting.‘ the committee, 


L. W. CurRIER, 


This report has been submitted to : 
Sete Chairman. 
4 The letter ballot vote on these recommenda- F. S. Eat N, =n 
tions was favorable; the results of the vote are 0 
on record at ASTM Headquarters. Secretary. 
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Committee C-19 on Structural Sand- 
wich Constructions held one meeting 
during the year: on October 16 and 17, 
1957, in Madison, Wis., at the Forest 
Products Laboratory. 

The committee consists of 62 voting 
members, of whom 33 are classified as 
producers, 12 as consumers, and 17 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: | 

Chairman, T. P. Pajak. 

Vice-Chairman, J. P. Reese. 

Secretary, J. H. Gibbud. 

Membership Secretary, Walter Lovett. 


SUBCOMMITTEE ACTIVITIES 


Subcommitiee I on Mechanical Proper- 
ties of Basic Materials (Steve Yurenka, 
chairman) is preparing a_ tentative 
method for determining fluid flow in 
honeycomb cores; it is also investigating 
the need for modification of present 
standards and tentatives for the testing 
of core materials at elevated tempera- 
tures. The subcommittee prepared a ten- 
tative method for determining impact re- 
sistance of sandwich core materials which 
Committee C-19 expects to submit to 
the Administrative Committee on Stand- 
ards. 

Subcommittee II on Mechanical Prop- 
erties of Basic Sandwich Construction 
(E. W. Kuenzi, chairman).—A flexural 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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creep test for sandwich construction is 
to be prepared which will be in accord 
with the new method of flatwise flexure 
testing. The subcommittee is recom- 
mending the use of the climbing drum 
peel test method for adhesives as de- 
veloped by Committee D-14 on Adhe- 
sives. Two other peel test methods are 
also being considered as alternate and 
more rapid methods. Other test methods 
under consideration deal with impact 
resistance, nondestructive testing, fatigue 
testing, and tests for flatness. 
Subcommittee III on Permanence, 
Durability, and Simulated Service (J. H. 
Gibbud, chairman).—-The testing of 
sandwich panels exposed for three years 
at State College, Pa., and at Kure Beach, 
N. C., was completed this spring. Ex- 
posure program “Beta” is now in its 
second year. Panels are to be tested 
after one, two, and three years’ exposure. 
A proposed tentative procedure for 
laboratory aging is under consideration 
and a task group has been appointed to 
recommend values and cycles. 
Subcommittee IV on Nomenclature and 
Definitions (R. A. Biggs, chairman).—A 
compilation of additional definitions from 
two sources is being reviewed. Selected 
definitions will be mailed to the member- 
ship for comments and action. A task 
force has been assigned the task of recom- 
mending a new title and scope for the 
Standard Method of Test for Delamina- 
tion Strength of Honeycomb Type Core 
Material (C 363 — 57). 
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This report has been submitted to 
— letter ballot of the committee, which 


consists of 62 members; 53 members 
_ returned their ballots, all of whom have 
voted affirmatively. 
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Respectfully submitted on behalf of 
the committee, 


GEORGE GERARD, 


Chairman. 


W. L. Emerson, 
Secretary. 
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ACOUSTICAL MATERIALS* 


Committee C-20 on Acoustical Ma- 
terials held two meetings during the 
year: at Ottawa, Ontario, Canada, on 
October 10 and 11, 1957; and on April 
17, 1958 in Chicago, IIl. 

The committee consists of 67 mem- 
bers, of whom 24 are classified as pro- 
ducers, 13 as consumers, 30 as general 
interest members. There are 9 consulting 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, R. N. Hamme. 

Vice-Chairman, H. J. Sabine. 

Secretary, Ralph Huntley. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of Test 
for Sound Absorption of Acoustical Ma- 
terials in Reverberation Rooms as ap- 
pended hereto.! 


ADOPTION OF TENTATIVE AS STANDARD 
Wirnout REVISION 


The committee recommends that the 
Method of Test for Impedance and Ab- 
sorption of Acoustical Materials by the 
Tube Method (C384-56T)? be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
without revision. 


The recommendations in this report 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 5. 
2 1956 Supplement to Book of ASTM Stand- 
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have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Sound Absorption 
(H. J. Sabine, chairman).—A first draft 
of the horn coupler method of measuring 
the sound absorption of specimens by 
the tube method, which are larger in 
area than the tube, has been circulated 
to the subcommittee as a basis for 
further development of the method. It 
was recommended that the description 
of the Armstrong box method for meas- 
uring sound absorption be published in 
the ASTM as information, 
and that a test program be undertaken 
to compare the results among boxes of 
this type. 

Subcommittee II on Flame Resistance 
(Wallace Waterfall, chairman).—Action 
on the fourth draft of the Method of 
Flame Resistance Classification of 
Acoustical Materials will be held in 
abeyance until interpretation of the be- 
havior of one material which was rated 
differently by different laboratories in a 
round-robin test by the panel method is 
clarified by the Federal Specification 
Board. A task group was established to 
arrange for a series of correlation tests 
by laboratories employing the tunnel 
method for flame spread rating of 
acoustical materials by Tentative 
Method E 84 - 50 T. 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. Fy 
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Subcommittee III on Maintenance 
(Peter Chrzanowski, acting chairman). 
_—Preliminary experiments at the Na- 
tional Bureau of Standards on soiling 
of acoustic materials are nearing com- 
pletion and will be studied in connection 
with the proposed cleansability and 
paintability tests. Investigations of the 
horn-coupled impedance tube and the 
Armstrong box method are being fol- 
lowed closely to establish the usefulness 
of these methods for paintability tests. 
Proposed methods for a quantitative 
- measurement of the amount of paint 
applied to specimens of acoustic ma- 
terials are under study. 

Subcommittee IV on Application (L. 
F. Yerges, chairman).—The specifica- 
tion on acoustical tile adhesives was 
referred to Committee D-14 on Ad- 
hesives for presentation to the Society 
for publication as tentative. The Task 
Group on Mechanical Systems met with 
representatives of National Acoustical 
Contractors Assn., and accessory manu- 
facturers. The objectives of the task 
group were outlined and a program 
established. 

Subcommittee Von on Basic Physical 
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Properties (W. A. Jack, chairman).—A 
report of preliminary tests on the 
facility constructed at the Geiger and 
Hamme Laboratory for measurement of 
sound transmission through suspended 
acoustical ceilings indicated that the 
method shows promise. The subcom- 
mittee is continuing to follow this 
development with a view to preparation 
of a test method. The development by 
General Electric Co. of a revised model 
of the sphere reflectometer is nearing 
completion and is under study as a 
possible method for measurement of 
light reflectance of acoustical materials. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 67 voting members; 35 mem- 
bers returned their ballots, of whom 33 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
H. A. LEepy, 
Chairman. 
J. W. GARRISON, 
Secretary. med 
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CERAMIC WHITEWARES AND RELATED PRODUCTS* 


Committee C-21 on Ceramic White- 
wares and Related Products held two 
meetings during the year: in Bedford 
Springs, Pa., on September 26, 1957, and 
in Pittsburgh, Pa., on April 28, 1958. 

The committee consists of 77 voting 
members, of whom 42 are classified as 
producers, 10 as consumers, and 25 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 
Chairman, M. D. Burdick. 

Vice-Chairman, W.C. Mohr. 

Secretary, G. W. Phelps. 

Reorganization of the committee 
structure, under consideration for two 
years, has been effected. 

A new subcommittee on ceramic tile 
has been organized as Subcommittee VI. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the Method of Test 
for Crazing Resistance of Fired Glazed 
Wirewares by Autoclave Treatment as 
appended hereto.! 


REVISIONS OF TENTATIVE 


The committee recommends revisions 
consisting of additional definitions, as 
appended hereto,' of the Tentative 
Definitions of Terms Relating to Ceramic 
Whitewares and Related Products 
(C 242 -56 T).? 

* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new and revised tentatives appear in the 
1958 Book of ASTM Standards, Part 5. 


2 1956 to Book ot Stand- 
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ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Methods of Test for: 


Compressive (Crushing) Strength of Fired White- 
ware Materials (C 407 - 57 T),? and 

Thermal Conductivity of Whiteware Ceramics 
(C 408 - 57 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (A. S. 
Watts, chairman) has developed 21 
definitions common to the whitewares 
industry and 16 definitions common to 
the floor and wall tile industry which are 
being presented to the Society with this 
report. 

Subcommittee Il—Editorial (V. E. 
Campbell, chairman) is editorially re- 
viewing whiteware standards as they are 
developed within the committee. 

Subcommitiee III on Fundamental 
Properties (W. C. Mohr, chairman) is 
preparing a method to determine the 
translucency of fired whiteware materi- 
als. Methods for lead solubility, tensile 

31957 Supplement to Book of ASTM Stand- 
ards, Part 3. 

4 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. ee 
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impact strength are in preparation. 
Recommendations have been made to 
Committee D-9 regarding revisions of 
Methods of Testing Electrical Porcelain 
(D 116-44) and Methods of Testing 
Steatite Used for Electrical Insulation 
(D 667 - 44). 

The test for crazing resistance of fired 
glazed whitewares by autoclave treat- 
ment, referred to earlier in this report, 
was prepared by the subcommittee. 

Subcommittee IV on Clays (G. W. 
Phelps, chairman), as part of its program 
to develop a standard method of particle- 


size analysis of clays, has presented 
_ procedures for sample preparation and 
_ hydrometer techniques. These studies 


were published in the Journal of the 


_ American Ceramic Society, December, 


1957. Standard procedures may be 
developed from these studies. 

Subcommiltee V on Nuclear Applica- 
tions (J. M. Warde, chairman), as part 
of its program to disseminate to the 
whitewares industry information con- 
cerning nuclear applications of ceramic 
materials, sponsored, with the coopera- 
tion of the American Ceramic Society, a 
symposium at the Bedford Springs 
meeting of the Materials & Equipment 
and White Wares Divisions of the Ameri- 
can Ceramic Society. 

The subcommittee is developing defi- 
nitions as well as tests and specifications 
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strength, glaze scratch resistance, and 


for whiteware materials used in this 
field. 

Task Group A on Non-Metallic Mag- 
netic Materials (George Economos, chair- 
man) is developing test procedures for 
memory core materials, microwave fer- 
rites, and magnetic powders. Liaison 
has been established with other ASTM 
committees and the American Ceramic 
Society. 

Task Group B on Cermets (T. S. 
Shevlin, chairman) in cooperation with a 
special ASTM committee appointed by 
the Board of Directors on Cermets, 
prepared a background report in order to 
delineate the distinctive features of 
cermets so far as Committee C-21 is 
concerned. The report dealt with no- 
menclature and definitions, methods of 
fabrication, current and potential uses 
and properties. 


This report has been submitted to 
letter ballot of the committee which 
consists of 77 voting members; 72 mem- 
bers have returned their ballots, of whom 
60 have voted affirmatively and 2 
negatively. 


Respectfully submitted on behalf of 
the committee, 
M. D. Burpick, 
oll Chairman. 
R. W. 


Secretary. 
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Committee C-22 On Porcelain Enamel 
held two meetings during the year: on 
October 8 and 9, 1957, in Chicago, Il., 
and on February 10 and 11, 1958, in 
Middletown, Ohio, as guests of the 
Armco Steel Corp. 

The committee consists of 48 members, 
of whom 42 are voting members; 22 
are classified as producers, 5 as con- 
sumers, and 15 as general interest mem- 
bers. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. N. Harrison. 

First Vice-Chairman, D. G. Bennett. 

Second Vice-Chairman, E. E. Howe. 

Secretary, G. H. Spencer-Strong. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto! of the Tentative 
Definitions of Terms Relating to Por- 
celain Enamel (C 286-57 T).? 


ADOPTION OF TENTATIVES AS STANDARDS 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standards without re- 
vision: 

Tentative Method of Test for Thermal Shock 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1The revised tentative appears in the 1958 
Book of ASTM Standards, Part 5. 

21957 Supplement to Book of ASTM Stand- 
ards, Part 3. 

31956 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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Resistance of Porcelain-Enameled Utensils 


(C 385 - 56 T),* and 
Tentative Classification of Water Used in Mill- 
ing of Porcelain Enamel (C 375-55 T).‘ 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends continua- 
tion without revision of the following 
tentatives: 


Tentative Methods of Test for: Prrrcene- 


Fusion Flow of Porcelain Enamel Frits—Flow- 
Button Method (C 374-55 T), 

45-Deg Specular Gloss of Ceramic Materials 
(C 346-55 T), 

Impact Resistance of Porcelain-Enameled Uten- 
sils (C 284-51 T), and 

Warpage of Porcelain-Enameled Flatware (C 
314-53 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting® 


ACTIVITIES OF SUBCOMMITTEES nol 


Subcommittee I on Research (B. J. 
Sweo, chairman) is continuing work in 
the evaluation of enameling iron and 
steel for porcelain enameling and has in 
progress an investigation of the specifica- 
tion test requirements of the dry process 
cast iron porcelain enameling industry. 

Subcommittee II on Nomenclature 
(E. E. Howe, chairman) prepared the 
revision of the Tentative Definitions of 


41955 Book of ASTM Standards, Part 3. 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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report. Work on definitions is a con- 
tinuing one. 
Subcommittee III on Education (L. S 


Subcommittee IV on Materials (H. S. 
Saunders, chairman) is expanding its 
work in the field of stress measurements 


in porcelain enamel systems and is 
_ responsible for the recommendation that 


C 375-55 T be adopted as standard 
and that Method C 374-55 T be re- 
tained as tentative as noted earlier in 


the report. 


on Finished Products 
Richmond, chairman) has prac- 


Subcommittee V 


(j. Cc. 


_ tically completed its work on methods 


ri: 


: Terms Relating to Porcelain Enamel 
: (C 286-57 T) referred to earlier in the 


-O’Bannon, chairman) has continued its 
7 - contacts with the technical press con- 
cerning the work of Committee C-22 
and has distributed an outline of the 
work of the committee to some 300 
- interested companies. The results of this 


_ work are reflected in the increased mem- 
_ bership of the committee. 


of measurement of the resistance of 
porcelain enamels to abrasion and has 
made good progress in the development 
of a test for measuring the resistance of 
porcelain enamels on aluminum to spall- 
ing. It recommended the adoption of 
Method C 385-—56T as standard and 
the continuation without _ revision 
of Jentative Methods C 346-55 T, 
C 284-51 T, and C 314-53 T referred 
to earlier in the report. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 42 voting members; 34 mem- 
bers returned their ballots, of whom 
33 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
W. N. Harrison, 
Chairman. 
G. H. SPENCER-STRONG, 
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ON 
PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS* 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held 
two meetings during the year: on June 
17 to 19, 1957, in Atlantic City, N. J., 
in connection with the Annual Meeting 
of the Society, and in Louisville, Ky., 
on March 5 to 7, 1958. 

At the June, 1957, meeting, S. B. 
Twiss, Assistant Chief Engineer-Re- 
search, Engineering Division, Chrysler 
Corp., Detroit, Mich., presented a paper 
on “Electron Microscope Study of 
Weathered Paint Films.”! This paper 
gave the results of a study of surface 
changes in automotive finishes revealed 
by the electron microscope using a two- 
stage replica technique, differences in 
natural and accelerated weathering ef- 
fects, and correlation of the type and 
degree of surface breakdown with pig- 
ment properties. 

At the March, 1958, meeting, R. C. 
Ernst, Dean of Chemical Engineering, 
University of Louisville, presented a 
most enlightening talk on ‘‘The Educa- 
tion of the Technical Men of the Future.” 

A total of 78 standards have been ap- 
proved jointly by both the Federation of 
Paint and Varnish Production Clubs and 
the ASTM, cooperating through the 
Joint Federation-ASTM Committee on 
Paint, Varnish, and Lacquer (W. A. 
Gloger, chairman). A number of addi- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
! Proceedings, Am. Soc. Testing Mats., Vol. 


57, p. 1337, 1957. 
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tional ASTM standards and tentatives 
are being considered by the Federation. 

The Committee on Intercommittee 
Relations, composed of Committee D-1 
representatives on other ASTM tech- 
nical committees, is continuing to main- 
tain close contact with those committees 
whose activities are of interest to Com- 
mittee D-1. In the last year, an additional 
representative of Committee D-1 has 
been appointed to Committee E-12 on 
Appearance. 

During the year the committee ap- 
proved an amendment to the Regulations 
Governing Committee D-1 to make pro- 
visions for the designation of the time 
and place for the committee’s Annual 
Meeting by the Chairman and Secretary. 

Vice-Chairman E. W. Fasig, who was 
elected to Committee D-1 in 1924, was 
given the ASTM Award of Merit by the 
Society at the June, 1957, Annual Meet- 
ing. 

Since the June, 1957, meeting, R. D. 
Bonney, M. Rea Paul, and G. G. Sward 
were unanimously elected Honorary 
Members of Committee D-1. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. T. Pearce. bit 

Vice-Chairman, E. W. Fasig. avis 

Secretary, W. A. Gloger. 


AMERICAN STANDARDS iia 


Since the last report, the American 
Standards Association has approved as 
American Standard the following meth- 
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ods of test and analysis in their revised 
forms, under the jurisdiction of Commit- 
tee D-1: 


Tentative Methods of: 


Chemical Analysis of Dry Mercuric Oxide 
(D 284-57 T), and 

Test for Tinting Strength of White Pigments 
(D 322 - 57 T). 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee D-1 presented to the 
Society through the Administrative 
Committee on Standards the following 


recommendations: 


Tentative Methods of Test for; 
Acetone in Methanol (Methy] Alcohol) (D 1612 - 


58T), 
Acidity in Lacquer Solvents and Diluents 
(D 1613 - 58 T), 


Alkalinity in Acetone (D 1614 - 58 T), 

Ester Value of Lacquer Solvents and Diluents 
(D 1617 - 58 T), 

Copper Corrosion by Mineral Spirits (Copper 
Strip Test) (D 1616-58 T), 

Melamine Content of Nitrogen Resins (D 1597 - 
58T), 

Glycerol, Ethylene Glycol and Pentaerythritol 
in Alkyd Resins (D 1615 - 58 T), and 

Color Difference Using the ‘“Colormaster” 
Differential Colorimeter (D 1536 - 58 T). 


Tentative Method of: 
‘Specifying Color by the Munsell System 


(D 1535 - 58 T). w 
Revision of Tentative: 
Method of Test for Unsaponifiable Matter in 
Alkyd Resins and Resin Solutions (D 1397 - 
56 T). 
These recommendations are currently 
under consideration by the Administra- 
tive Committee on Standards. 


_ 2Methods D 1535 and D 1536 were accepted 
‘i the Standards Committee on June 18, 1958. 
The remaining recommendations were accepted 
on July 24, 1958, with the exception of Methods 
D 1617 and D 1597 which were accepted on 
September 9, 1958. The new and revised methods 
—_ in the 1958 Book of ASTM Standards, 
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NEw TENTATIVES 
The committee recommends for pub- 
lication as tentative the following speci- 
fications and methods of test as ap- 
pended hereto:* 
= 
Distilled Linseed Fatty Acids, 
Distilled Soybean Fatty Acids, and 1.9 
Dehydrated Castor Acids. Ae 


Tentative Specifications for: 


Tentative Methods of Test for: 


Effect of Staining Agents on Organic Finishes 
Used in the Transportation Industry, 

Total Iodine Value, 

Color Change of White Architectural Enamels, 

Color of Transparent Liquids (Gardner Color 
Scale), 

Viscosity by Bubble Time Method, 

Performance Tests of Clear Floor Sealers, and 

Qualitative Tests for Rosin in Varnishes. _ 


REVISION OF TENTATIVE _ 


The committee recommends revision 
as follows of the Tentative Method of 
Test for Total Rosin Acids Content of 
Coating Vehicles (D 1469-57T)* and 
continuation of the method as tentative: 

Section 1(b)—Change to read as fol- 
lows: 


(b) This method is primarily designed for 
material containing 0.5 to 5 per cent of rosin on 
the non-volatile basis. 


Tentative Methods of Testing Varnishes 
(D 154-57 T):5 Add the Method of 
Panel Preparation for Measurement 
of Gloss of Varnishes, as appended 
hereto,? and the Method of Test for 
Print Resistance of Varnishes, as ap- 
pended hereto.’ 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions as indicated of the following 
standards: 


3 The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 8. 

£1957 Supplement to Book of ASTM Stand- 
ards, Part 4. 

51956 Supplement to Book of ASTM Stand- 
ards, Part 4. — we 
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Standard Definitions of Terms Relating 
to Paint, Varnish, Lacquer and Re- 
lated Products (D 16 — 57):* 


New Definition—Add the following 
new definition: 


> 


On PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 


Gallon, U. S.—A volume equal to 231 cu in. 
For paint, varnish, lacquer, and related 
products this is measured at 25 C (77 F). 

REVISION OF STANDARDS AND 
REVERSION TO TENTATIVES 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentatives: 


Standard Specifications for Raw Lin- 
seed Oil (D 234 —55):6 


Section 2——Add the following require- 
ment: “Flash point, maximum—250 F.” 

Section 3—Add the following sen- 
tence: “Flash point shall be determined 
in accordance with the Method of Test 
for Flash Point of Drying Oils (ASTM 
Designation: D 1393).” 


Standard Specifications for Boiled Lin- 
seed Oil (D 260-55): Revise as ap- 
pended hereto.* 


Standard Specifications for Copper 
Phthalocyanine Blue (D963 — 49): 
Revise as appended hereto.’ 


ADOPTION OF TENTATIVES AS STANDARD 
WirHovut REVISION 


The committee recommends that the 
following tentative specifications and 
methods of test be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision: 


Tentative S pecifications for: 


Degummed Soybean Oil (D 124 - 56 T),5 
Dehydrated Castor Oil (D 961 —55 T),® and 
Safflower Oil (D 1392 -56 T).5 


Tentative Methods of Test for: 


Distillation Range of Lacquer Solvents and 
Diluents (D 1078 - 56 T),® 

Nonvolatile Content of Resin Solutions (D 
1259 56 


61955 Book of ASTM Standards, Part 4. 
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Spectrophotometric Diene Value of Dehydrated 
Castor Oil and Its Derivatives (D 1358- 
55 T),® 

Fire Retardancy of Paints (Cabinet Method) 
(D 1360-55 T),® 

Fire Retardancy of Paints (Stick and Wick 
Method) (D 1361 - 55 T),® 

Alcohol Content of Ketones (D 1362 -57 T),4 

Permanganate Time of Lacquer Solvents and 
Diluents (D 1363 - 57 T),* 


Water in Lacquer Solvents and Diluents 
(Fischer Reagent Titration Method) (D 
1364-55 T),® 


Abrasion Resistance of Clear Floor Coatings 
(D 1395 - 56 T),5 

Chemical Analysis of Poly (Vinyl Butyral) 
(D 1396 - 56 T),* 

Fatty Acid Content of Alkyd Resins and Resin 
Solutions (D 1398 —- 56 T),5 and 

Unsaponifiable Content of Tricresyl Phosphate 
(D 1399 56 


Tentative Methods of Testing: 


Varnishes (D 154-56)® (Tentative revision of 
Sections 30, 31, and 32, June, 1956), and 

Asphalt Emulsions for Use as Protective Coat- 
ings for Metal (D 1010-55 T),® jointly with 
Committee D-8 on Bituminous Materials for 
Roofing, Waterproofing, and Related Building 
or Industrial Uses. 


Tentative Methods of Measurement of: 


Dry Film Thickness of Non-Metallic Coatings 
of Paint, Varnish, Lacquer, and Related 
Products Applied on a Non-Magnetic Base 
(D 1400 - 56 T).5 


ADOPTION OF TENTATIVES AS STANDARD 
WITH REVISIONS 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Specifications for Acetone 
(D 329-55 T):*° Revise as appended 
hereto.’ 


Tentative Specifications for Methyl 
Isobutyl Ketone (D 1153 55 T):* Re- 
vise as appended hereto.* ; 


REVISIONS OF STANDARDS, A 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
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of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society. 


Standard Methods of Testing Drying 
Oils (D555 54):* 


_ Section 34——Change Paragraph (a) to 
read: “Acetone, ACS Grade.” 

Section 36.—In Paragraph (b) change 
the seventh sentence to read: “Clamp 
the tube in a vertical position and allow 
to stand for 24 hr at 25+ 3 C.” 


Standard Methods of Test for Viscosity 

of Paints, Varnishes, and Lacquers by 
Ford Viscosity Cup (D 1200 -54):° 
Revise as appended hereto.’ 


Standard Method of Test for Sieve 
Analysis of Glass Spheres (D 1214 — 
54)* 

Section 2——In line 3, change the word 
“smallest” to “largest.” 

Section 3.—In line 5, change the word 
“increasing” to “decreasing.” 

Section 4.—In line 1, change “riffling”’ 
to read “riffle sampling.” 

Section 5—In Paragraph (0), line 3, 
change “smallest” to “largest.” In 
Paragraph (6), line 7, change “‘as so” 
to In Paragraph (d), replace the 
first sentence with: “Weigh the portion 
of the sample retained on the sieve to the 
nearest 0.1 g. Place the material passing 
through the largest sieve on the sieve 
with the next smaller opening for the 
series selected for the sieve analysis.” 
In line 8 of Paragraph (d) change “in- 
creasing”’ to “decreasing.” 


Standard Methods of Sampling and 
Testing Lacquer Solvents and Dil- 
uents (D 268 - 53):° 


Section 10.—Replace with a refer- 
ence to the Method of Test for Acidity 
in Lacquer Solvents and Diluents 
_ (ASTM Designation: D 1613). 
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Section 11(b)—Replace with a 
reference to the Method of Test for 
Alkalinity in Acetone (ASTM Desig- 
nation: D 1614). 

Section 12—Replace with a refer- 
ence to the Method of Test for Ester 
Value of Lacquer Solvents and Dil- 
uents (ASTM Designation: D 1617). 


Standard Specifications for Ethyl Ace- 
tate (85 to 88 per cent Grade) (D 302 
33):° Revise as appended hereto.* 


Standard Specifications for Normal Butyl 
Acetate (88 to 92 per cent Grade) 
(D 303 - 40):* Revise as appended 


hereto.’ 
Standard Specifications for Butanol 
(Normal Butyl Alcohol) (D 304- 


45):° Revise as appended hereto.* 


Standard Specifications for Amyl Ace- 
tate (Synthetic) (85 to 88 per cent 
Grade) (D 318 — 39):* Revise as ap- 
pended hereto.* 


Standard Specifications for Amyl Alco- 
hol (Synthetic) (D 319 -40):* Revise 
as appended hereto.® 


Standard Specifications for Amyl Ace- 
tate Made From Fusel Oil (85 to 88 
per cent Grade) (D554-39):° Re- 
vise as appended hereto.? 


Standard Specifications for Dibutyl- 
phthalate (D 608 — 43):° Revise as ap- 
pended hereto.* 


Standard Specifications for Isopropyl 
Acetate (D 657 — 44):*° Revise as ap- 
pended hereto.* 


Standard Specifications for Isopropyl 
Alcohol (D 770 — 46):° Revise as ap- 
pended hereto.’ 


Standard Specifications for Secondary 
Butyl Acetate (85 to 88 per cent Grade) 
(D 966-52): Revise as appended 
hereto.* 


f 
| 
c 
\ 
| 
‘ 
] 


Standard Specifications for Secondary 
Buty] Alcohol (D1007-52):* Re- 
vise as appended hereto.’ 


Standard Specifications for Methanol 
(Methyl Alcohol) (D 1152-54): Re- 
vise as appended hereto.* 


WITHDRAWAL OF STANDARD 7 


The committee recommends the with- 
drawal of the Standard Method of Test 
for Light Sensitivity of Traffic Paint 
(D 712-47) because it is no longer a 
meaningful test. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Method of Test for: aM 


Phthalic Anhydride Content of Alkyd Resins 
and Resin Solutions (D 563 - 52), 

Abrasion Resistance of Coatings of Paint, 
Varnish, Lacquer, and Related Products with 
the Air Blast Abrasion Tester (D 658 — 44), 

Evaluating Degree of Settling of Traffic Paint 
(D 869 48), 

Abrasion Resistance of Coatings of Paint, 
Varnish, Lacquer, and Related Products by 
the Falling Sand Method (D 968 - 51), 

Night Visibility of Traffic Paints (D 1011 - 52), 

Total Nitrogen in Resins for Surface Coatings 
(D 1013 - 52), and 

Total Chlorine in Polyvinyl Chloride Polymers 
and Copolymers Used for Surface Co 


(D 1156 52). 
Standard Methods of Testing: 
Nitrocellulose Clear and Lacquer Enamels 

(D 333 — 40), and 
Soluble Nitrocellulose Base Solutions (D 365 - 

39). 


Standard Method for Measurement of: 

Dry Film Thickness of Paint, Varnish, Lacquer, 
and Related Products (D 1005 - 41). 

Standard Methods of Evaluating: . 


Degree of Resistance to Rusting Obtained with 
Paint on Iron or Steel Surfaces (D 610-43), 

Degree of Resistance to Chalking of Exterior 
Paints of the Linseed Oil Type (D 659 — 44), 
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Degree of Resistance to Checking of Exterior 
Paints of the Linseed Oil Type (D 660-44), 
Degree of Resistance to Cracking of Exterior 
Paints of the Linseed Oil Type (D 661 - 44), 
Degree of Resistance to Erosion of Exterior 
Paints of the Linseed Oil Type (D 662 - 44), 
Degree of Resistance to Flaking (Scaling) of 
Exterior Paints of the Linseed Oil Type 

(D 772 - 47), 


‘Degree of Resistance of Traffic Paint to Abra- 


sion, Erosion, or a Combination of Both, in 
Road Service Tests (D 821 - 47), 

Degree of Resistance of Traffic Paints to 
Bleeding (D 868 - 48), and 

Degree of Resistance of Traffic Paints to 
Chipping (D 913-51). 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 


~ tive Method of Test for No-Smear Time 


of Traffic Paint (D 1359-55 T). 
EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Methods of Testing Varnishes 
(D 154 56) 


New Notes.—At the end of the present 
procedure for testing color, add a Note 
referring to the Tentative Method of 
Test for Color of Transparent Liquids 
(Gardner Color Scale) as an alternate 
method, as appended: hereto.’ At the 
end of the present procedure for testing 
viscosity, add a Note referring to the 
Tentative Method of Test for Viscosity 
by Bubble Time Method as an alter- 
nate method. 


Standard Method of Test for Elongation 
of Attached Lacquer Coatings with the 
Conical Mandrel Test Apparatus 
(D 522 41): 


Section 4—Change the first sentence 
to read: “At least three replicate speci- 
mens shall be tested under conditions of 
temperature and humidity mutually 
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agreed upon by the purchaser and the 
seller.” 


Standard Method of Test for Abrasion 
Resistance of Coatings of Paint, 
Varnish, Lacquer, and Related Prod- 

ucts with the Air Blast Abrasion 

Tester (D 658 44):° 
Footnote 4—Revise to read as fol- 

lows: 


‘Suitable silicon carbide grain may be ob- 
tained by sieving Carborundum Grain No. 180 
GG obtainable from the Carborundum Co., 
Niagara Falls, N. Y., or Crystolon Special 
Grain 200 mesh No. 5999 obtainable from the 
Norton Co., Teterboro, N. J. The abrasive 
should be sieved for a minimum of 3 hr with 
vigorous agitation, and only that portion which 
passes through a No. 170 (88-micron) sieve and 
is retained on a No. 200 (74-micron) sieve should 
be retained for use in the test. The retained 
portion of the abrasive is considered satisfactory 
if a minimum of 85 per cent by weight meets the 
grain size requirements of 88 to 74 microns. 


7 The letter ballot vote on these recommenda- 
fions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


varied 


pe 


Other types of grades of abrasive may be used 
when mutually agreed upon by the purchaser 
and the seller. 


Section 7.—In the first sentence and in 
the Note, the trade name “Carborun- 
dum” should be replaced by the more 
general “‘silicon carbide grain.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 376 voting members; 204 
members returned their ballots, of whom 
180 have voted affirmatively and 1 
negatively. 


Respectfully submitted on behalf of 
the committee, 
W. T. PEARCE, 
Chairman. 
W. A. GLOGER, 
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REPORT OF COMMITTEE D-2 


PETROLEUM PRODUCTS AND LUBRICANTS* de 


This report contains the recom- 
mendations of the subordinate groups 
of Committee D-2 on Petroleum Prod- 
ucts and Lubricants. The recommenda- 
tions have been approved’ by 
Committee D-2 in accordance with the 
regulations of the Society and are pre- 
sented herewith. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. M. Smith. 

First Vice-Chairman, R. C. Alden. 

— Second Vice-Chairman, W. K. Simp- 
son. 


Secretary, W. T. Gunn. ac 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual 
Meeting, Committee D-2 presented to 
the Society through the Administrative 
Committee on Standards the recom- 
mendation for the revision of Tentative 
Specifications for Gasoline (D 439 - 
56 T). This recommendation was ac- 
cepted by the Standards Committee on 
August 26, 1957, and the revised tenta- 
tive specifications appear in the 1957 
Supplement to Book of ASTM Stand- 
ards, Part 5. 


ProposeD Metuops PUBLISHED AS 
INFORMATION 


The following 15 proposed methods are 
recommended for publication as informa- 
tion, or for republication as information, 
as appended! or as otherwise indicated: 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1The proposed methods appear in the 1958 
compilation of ASTM Standards on Petroleum 
Products and Lubricants. 


APPENDIX I. Dilution of Automotive 
Crankcase Oils (Reduced Pressure Distil- 
lation Method).? 

APPENDIX II. Method of Computing 
ASTM Butadiene Measurement Tables. 
APPENDIX III. Filterability of Aviation 

Turbine Fuels. 

APPENDIX IV. Particulate Matter in 
Hydrocarbons. 

APPENDIX V. Sealing Strength of Paraffin 
Wax. 

APPENDIX VI. Breaking Strength of 
Petroleum Waxes. 

APPENDIX VII. Hydrocarbon Types in 
Low Olefinic Gasoline by Mass Spec- 
trometry. 

APPENDIX VIII. Maximum Fluidity 
Temperature of Residual Fuel Oil. 

APPENDIX IX. Ash Content of Petroleum 
Oils. 

APPENDIX X. Knock Characteristics of 
Motor Fuels Above 100 Octane Number 
by the Research Method. 

APPENDIX XI. Specifications for Avia- 
tion Turbine Fuels. 

APPENDIX XII. Thermal Stability of 
Aviation Turbine Fuels. 

APPENDIX XIII. Distillation of Petro- 
leum Products. 

APPENDIX XIV. Knock Characteristics 
of Motor Fuels Above 100 Octane Num- 
ber by the Motor Method. 

APPENDIX XV. “Gasoline Engine Crank 
case Oil Dilution Tests.’’ A Report of Co- 
operative Tests by Section Q-1, Technical 
Committee B, by H. E. Luntz. 

APPENDIX TO METHOD D 128, 
ANALYSIS OF LUBRICATING 
GREASES: Publish as information as an 
Appendix to Method D 128, the Optional 
Method for Analysis of Lubricating 
Greases. 


2 A report of cooperative tests comparing this 
proposed method with ASTM Method D 322 ap- 
pears in Appendix XV. 

31957 Supplement to Book of ASTM Stand- 
ards, Part 5. 
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New TENTATIVES 


_ The committee recommends for pub- 
lication as tentative the following seven 
methods as appended hereto.‘ 

Methods for Calculation of Volume and 
Weight of Benzene, Toluene, and Paraxylene 
(jointly with Committee D-16), 

ASTM Butadiene Measurement Tables, 

Zinc in New Lubricating Oils and Lubricating 
Oil Additives (Polarographic Method), 

Vanadium in Navy Special Fuel Oil, 

Sulfur in Petroleum Oils by Quartz-Tube 
Combustion, 

Methods for Analysis of Graphites Used as 
Lubricants, and 

High-Temperature Combustion Method for 
Sulfur in Petroleum Products. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following 17 tenta- 
tive methods of test and their con- 
tinuation as tentative: 


D 96-57 Test for Water and Sedi- 
ment by Means of the Centrifuge: 


, Section 4 (a).—Change the first sen- 
tence to read “Measure exactly 50 ml of 
industrial benzene (ASTM Designation 
D 837),4 saturated with water at am- 
bient temperature, into the centrifuge 
tube and add exactly 50 ml of the oil 
to be tested.” 


D 322-55T,’ Test for Dilution of 
Crankcase Oils: Revise as appended 
hereto.‘ 


D 381-—57T,*® Test for Existent Gum 
in Fuels by Jet Evaporation: 


Section 1.—In the first ‘sentence, 
change “covers” to read “describes,” 
and change “aviation fuels” to read 
“aircraft fuel.’”? Delete the second sen- 
tence. 

Sections 2 and 3.—Interchange the 
numbers for these sections. Entitle Section 
2 “Definition” and Section 3 “Outline of 


4 The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 7. 

5 1955 Book of ASTM Standards, Part 5. 
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Method.” Change to read as follows: | 


2. Existent Gum is the evaporation residue of 
aircraft fuel or the heptane-insoluble portion of 
the evaporation residue of motor gasoline. 

3. A measured quantity of fuel is evaporated 
under controlled conditions of temperature 
and flow of air or steam. For aviation gaso- 
line and aircraft turbine fuel, the resulting 
residue is weighed and reported as milligrams 
per 100 ml. For motor gasoline, the residue is 
extracted with heptane, dried, weighed, and re- 
ported as milligrams per 100 ml. 


Note 1.—Delete this note and renum- 
ber the subsequent notes accordingly. 

Section 4 (h).—Change “Crucible*”’ to 
read ‘“Funnel,*’ and make the same 
change in Footnote 4. 

Section 8—In Paragraph (d), the 
second sentence, change “crucible” to 
read “funnel,” and add to the end of 
the sentence “‘(see Section 10 (0)).” 

Change Paragraphs (f) and (g) and 
add new Paragraphs (h), (j), 
and (/) to read as follows: 


({) At the end of the heating period, re- 
move the beakers from the bath and allow them 
to cool to room temperature. Segregate the 
beakers containing the residues from motor 
gasolines for finishing as described in Para- 
graphs (i) to (J). Treat the remaining beakers 
as described in Paragraph (g). 

(g) Place the beakers containing the residues 
from aviation gasolines and aircraft turbine 
fuels in the cooling vessel in the vicinity of the 
balance for at least 2 hr. Weigh the beakers in 
the same manner as described in Paragraph 
(c). Record the weights. Calculate the existent 
gum as described in Section 9. 

(hk) To each of the beakers containing the 
residues from motor gasolines segregated as 
directed in Paragraph (f), add 25 ml of normal 
heptane and swirl gently for 30 sec. Allow the 
mixture to stand for 10 min. Treat the tare 
beaker in the same manner. 

(i) Decant and discard the heptane solution, 
taking precaution to prevent the loss of any 
solid residue. 

(j) Repeat the extraction with a second 
25-ml portion of heptane as described in Para- 
graphs (k) and (7). Repeat the extraction a 
third time if the extract is colored. 

(k) Place the beakers, including the tare, in 
the gum bath maintained at 320 to 329 F (160 
to 165 C) and, without replacing the conical 
jets, allow the beakers to dry for 5 min. 
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(2) At the end of the drying period, remove 
the beakers from the bath, place them in a 
cooling vessel, and allow to cool in the vicinity 
of the balance for at least 2 hr. Weigh the 
beakers in the same manner as described in 
Paragraph (c). Record the weights. Calculate 
the existent gum as described in Section 9. 


: 

_ Section 9.—Delete this section. 

_ Section 10. Renumber as 9. Change 
Paragraphs (a) and (0) to read as follows: 


(a) If a double-pan balance is used, cal- 
culate the existent gum content as follows: 


A = 2000 (B — C) 
where: 


A = existent gum content, mg per 100 ml, 

B = weight of sample beaker plus existent 
gum, in g, and 

C = weight of empty sample beaker in g. 


(b) If a single-pan balance is used, calculate 
the existent gum content as follows: 
A=2000(B-C+X-—Y) 
where: of 


A = existent gum content, mg per 100 ml, 

B = uncorrected weight of sample beaker plus 
existent gum in g, 

= weight of empty sample beaker, in g, 

original weight of tare beaker, in g, and 

= final weight of tare beaker, in g. 


ll 


Section 11—Renumber as 10(a). In 
lines one and two, delete “‘or the solvent- 
washed gum” and “, or both.” Add a new 
Paragraph (b) to read as follows: 


(b) After the numerical value for existent 


gum, designate by the word “‘filtered’’ the 
fact that extraneous material has been re- 
moved as described in Section 8 (d). 

Section 12.—Renumber as 11 and 


change to read as follows: 


11. Precision—Two determinations on the 
same sample should not differ from each other 
by more than the amounts shown in the follow- 
ing Fig. 2. 


Figure 1.—Change the caption to 
read “Apparatus for Determining 
Existent Gum by Jet Evaporation.” 
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New Figure—Add a new Fig. 2 as 
shown in the accompanying Fig. 1. 
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Existent Gum,mg per |OO mi 
Fic. 1.—Precision. 


D 439-57 Specifications for Gaso- 
line: 
A ppendix.—In the Section on Gum, 
change the second paragraph to read 
as follows: 


Many motor gasolines are deliberately 
blended with nonvolatile oils or additives 
which remain as evaporation residues in the 
initial evaporation step in the ASTM Test for 
Existent Gum. This latter method, however, 
now includes a heptane washing step which re- 
moves the heptane soluble material in order to 
determine the existent gum. 


D 524-—52T,° Test for Carbon Residue 
of Petroleum Products, Ramsbottom 
Coking Method: 


Section 5 (b).—Replace the third, 
fourth, and fifth sentences with the 
following: 


By means of a hypodermic syringe or the 
device shown in Fig. 3 introduce into the coking 
bulb an amount of sample as indicated in 
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Table I. Make sure that no oil remains on the 
exterior surface or on the inside of the neck of 
the bulb. Reweigh the bulb and contents to the 
nearest milligram. If the sample foams or 
spatters, repeat the test using the next smaller 
sample size listed in Table I. 


Section 5 (c).—Add to the last sen- 
tence ‘ind repeat the determination 
using a smaller sample (Note 12).” 


TABLE I.—SAMPLE SIZES. 


Ramsbottom Carbon Residue, 


per cent Sample Size, g 
6.0 to 14.0............... 1.0+ 0.1 


Section 8.—Change Paragraphs (a) 
and (bd) to read as follows: 


(a) Duplicate results by the same operator 
should not be considered suspect unless they 
differ by more than the following amounts: 


Ramsbottom Carbon Residue, Repeatability, per 


per cent cent of Mean 
see Fig. 4 


(b) The result submitted by one laboratory 
should not be considered suspect unless it dif- 
fers from that of another laboratory by more 
than the following amounts: 


_ Ramsbottom Carbon Residue, Reproducibility, per 


per cent cent of Mean 


~ Footnote 2.—Add a sentence to read 
as follows: 


In 1958, additional data pertaining to pre- 
cision were incorporated, and the procedure was 
revised to permit testing samples having high 
percentages of carbon residue. 


D 613 — 56 T,® Ignition Quality of Diesel 
Fuels by the Cetane Method: 
Section 6 (n).—Change to read as 

follows: 


©1957 Supplement to ASTM Manual of 
Engine Test Methods for Rating Fuels. 


(n) Compression Ratio Adjustment; mi- 
crometer set on cylinders of standard bore to 
read 2.000 in. (10.0 to 1 compression ratio) 
when the clearance volume is 72 ml to the top 
face of combustion pickup hole. Clearance 
volumes for oversize cylinders are shown in 
Section 304.3 Volumetric measurements must be 
made with the piston on top dead center and 
with the piston over-travel set at 0.015 + 
0.001 in., by using shims between the crankcase 
and cylinder. 


In addition, the following changes 
are to be made in the supplementary 
material to Method D 613 which ap- 
pears in the 1952 ASTM Manual of 
Engine Test Methods for Rating Fuels. 


Supplement I 


Section 104.—In descriptive dimen- 
sions change second item “Bore, in.” to 
read “Standard Bore, in.” 

Section 105 (b).—Change to read as 
follows: 


(b) Cetane.—The cylinder, with a detach- 
able head, is made of cast iron, bored and 
honed, and has a Brinell hardness of 220 + 20. 
Cylinders of standard bore are preferred equip- 
ment but rebored cylinders up to a maximum 
of 0.030 in. oversize may be used. The cylinder 
head is of the variable compression ratio, high 
turbulence type. 


Supplement III: 


Section 304 (c).--Change to read as 
follows: 


(c) Volume of Water.—From a clean buret, 
measure 72 ml of water into the combustion 
chamber through the combustion indicator hole 
on cylinders of standard bore, both water and 
engine being at room temperature. For over- 
size cylinders of 0.010, 0.020 and 0.030 in., the 
clearance volumes should be 72.4, 72.8 and 
73.2, respectively. Adjust the handwheel ac- 
curately to bring the water level to the top 
face of the indicator hole. 


Supplement IV: 
Section 410 (b).—Change to read as 
follows: 


(b) Checking Cylinders for Wear.—Cylinders 
should be checked for wear at intervals of about 
every 500 hr. Replace the cylinder when the 
wear becomes 0.006 in., or the taper becomes 
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0.004 in., or the cylinder is out of round by 
0.0025 in. Give particular attention to the wear 
at the top of the ring travel as it is normally 
greatest at this point. Cylinders of standard 
bore are preferred equipment but rebored 
cylinders up to a maximum of 0.030 in. oversize 
may be used. In calculating the amount of 
wear, be sure to use the actual diameter of 
the standard or the oversize cylinder before 
placing either in service rather than the nomi- 
nal standard or oversize diameter. The amount 
of wear, taper and out of round permitted on 
oversize cylinders is the same as for cylinders 
of standard bore. 


Table XVIII.—Under Cylinder, 
change “Bore” to read “Standard 
Bore,” and change replacement limits 
for bore diameter from “3.256” to 
“0.006.” 


D 614-56 T,® Knock Characteristics of 
Aviation Fuels by the Aviation 
Method: 


Section 6 (n).—Change to read as 
follows: 


(n) Micrometer Adjustment, set to read 
0.500 in. (5.5 to 1 compression ratio) with the 
piston at tde and with a clearance volume of 
142 ml to the top face of the thermal plug 
hole on cylinders of standard bore as measured 
by either of the tilt procedures described in 
Sections 302 and 303. Clearance volumes for 
oversize cylinders are shown in Section 302. 


In addition, the following changes 
are to be made in the supplementary 
material to Method D614 which ap- 
pears in the 1952 ASTM Manual of 
Engine Test Methods for Rating Fuels. 


Supplement I: 


Section 104—Change to read as 
recommended above for Method D 613. 

Section 105 (a).—Add as the second 
sentence “Cylinders of standard bore 
are preferred equipment but rebored 
cylinders up to a maximum of 0.030 in. 
oversize may be used.” 

Section 106 (b).—Change the second 
paragraph to read as follows: 


Rings.—Three wedge type compression rings 
and two wedge type oil control rings are re- 
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quired. Two sets of rings are approved. The 
preferred set* consists of a chromium-plated 
top compression ring, Waukesha Part No. 
105905-C, two plain compression rings, 
Waukesha Part No. 105905-A, and two narrow- 
faced oil control rings, Waukesha Part No. 
109442. The other set consists of three plain 
compression rings, Waukesha Part No. 105905- 
A and two wide-faced oil control rings, 
Waukesha Part No. 106331. When new, ring- 
gap clearances are 0.015 to 0.020 in. for the 
compression rings, and 0.010 to 0.018 in. for 
the oil rings. 


Supplement IV: 


Section 410 (b).—Change to read as 
recommended above for Method D 613. 
Table XVIII.—Change to read as 
recommended above for Method D 613. 


D 892 -46T,* Test for Foaming Char- 
acteristics of Lubricating Oils: 

Section 3 (a).—In the first sentence, 
add “shown in Fig. 2,” after the words 
“air-inlet tube.” Replace the second 
sentence with the following: 


The cylinder shall have a diameter such 
that the distance from the inside bottom to 
the 1000-ml graduation mark is 360 + 25 mm. 
It shall be circular at the top (Note 1) and shall 
be fitted with a rubber stopper having one hole 
at the center for the air-inlet tube and a second 
hole off-center for an air-outlet tube. The air- 
inlet tube shall be adjusted so that, when the 
rubber stopper is fitted tightly into the cylinder, 
the diffuser stone (Note 2) just touches the 
bottom of the cylinder and is approximately 
at the center of the circular cross-section. Dif- 
fuser stones shall meet the following specilica- 
tion when tested in accordance with the method 
given in the Appendix: 

Maximum pore diameter, microns: not greater 

than 80 
Permeability, milliliters of air per minute at 

pressure of 250 mm water: 3000 to 6000 


Note 1.—Change to read as follows: 


Note 1.—Graduated cylinders with circu- 
lar tops may. be prepared from cylinders with 
pouring spouts by cutting them off below the 
spouts. 


New Note.—Add a new Note 2 to 
read as follows, renumber the present 
Note 2 as Note 3 and change the refer- 


* Not effective until January 1, 1959. ~~ 
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ences to the present Note 2 to read 
Note 3. 


Note 2.—Diffuser stones may be attached 
to air-inlet tubes by any suitable means. A 
convenient arrangement is shown in Fig. 2. 


Figure 1.—Replace with the accom- 
panying Fig. 2. 

New Figures.—Add new Figures 2, 3, 
and 4 as shown in the accompanying 
Figs. 3, 4, and 5. 

Section 3.—Delete Paragraph (c) 


Fic. 5.—Setup for Measuring Permeability. 


and reletter the subsequent paragraphs 
accordingly. Reletter the present Para- 
graph (d) as (c) and change to read as 
follows: 


(c) The Air Supply shall be from a source 
capable of maintaining an air flow rate of 94 + 
5 ml per min through the gas diffuser stone. 
The air shall be passed through a drying tower 
300 mm in height packed as follows: Just 
above the constriction place a 20-mm layer of 
cotton, then a 110-mm layer of desiccant, a 
40-mm layer of indicating desiccant, a 30-mm 
layer of desiccant and a 20-mm layer of cotton. 
The cotton serves to hold the desiccant in place 
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Refill the tower when the indicating desiccant 
begins to show presence of moisture. Any 
type of flowmeter sensitive to the required 
tolerances may be used to measure air flow 
(Note 4). 

The total volume of air leaving the foam- 
ing test apparatus shall be measured by a 
volume measuring device (Note 5) capable of 
accurately measuring gas volumes of about 
470 mi. The air shall be passed through at 
least one loop of copper tubing placed around 
the inside circumference of the cold bath so 
that the volume measurement is made at ap- 
proximately 75 F. Precautions must be taken to 
avoid leaks at any one point in the system. 


Note 3.—Delete this note. 
New Note.—Add a new Note 5 to 
read as follows: 


Note 5.—A wet test meter calibrated in 
hundredths of a liter is suitable. 


Section 5.—After the first sentence of 
Paragraph (a), add: “The following 
test shall be carried out within 3 hr 
after heating the sample.” After the 
present fourth sentence, add ‘Connect 
the air outlet tube to the air volume 
measuring device.” In the present fifth 
sentence, change the time interval for 
air through the stone from “5 min + 10 
sec” to “5 min + 3 sec.” Change the 
last two sentences to read “The total 
air volume which has passed through 
the system shall be 470 + 25 ml. Allow 
the cylinder to stand for 10 min + 10 
sec and again record the volume of 
foam.” 

Change Paragraph (5) to read as 
follows: 

(6) Pour a second portion of sample into a 
cleaned 1000-ml cylinder until the liquid level 
is at the 180-ml mark. Immerse the cylinder at 
least to the 900-ml mark in the bath maintained 
at 200 + 1 F. When the oil has reached a tem- 
perature of 199 + 2 F, insert a clean diffuser 
stone and air-inlet tube and proceed as de- 
scribed in Paragraph (a), recording the volume 
of foam at the end of the blowing and settling 
periods. 


New Section.—Add the following new 
Section 6, renumbering the subsequent 
sections accordingly; 
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6. Alternative Procedure.—For routine test- 
ing a simplified testing procedure may be 
used. This procedure differs from the standard 
method in only one respect. The total air 
volume used during the 5 min blowing period is 
not measured after the air has passed through 
the diffuser stone. This eliminates the volume 
measuring equipment and the air-tight connec- 
tions necessary to carry the exit air from the 
graduated cylinder to the volume measuring 
device, but requires that the flowmeter be cor- 
rectly calibrated and that the flow rate be care- 
fully controlled. 

Results obtained by this procedure shall be 
reported as D 892 —- 58 T (Alternate). 


New Section —Add a new Section 7 to 
read as follows, renumbering the sub- 
sequent section accordingly: 


7. Precision —The following data should be 
used for judging the acceptability of results (95 
per cent probability) according to the concept 
of precision as given in the ASTM Proposed 
Recommended Practice for Applying Precision 
Data given in ASTM Method of Test for Pe- 
troleum Products: 

(a) Duplicate results by the same operator 
for foam volume at the end of the 5 min blow- 
ing period should not be considered suspect 
unless they differ by more than 10 ml or 15 
per cent of their average value, whichever is 
larger. 

(b) The result submitted by each of two 
laboratories for foam volume at end of 5 min 
blowing period should not be considered sus- 
pect unless they differ by more than 10 ml or 
38 per cent of their average value, whichever is 
larger. 


Appendix.—Add an Appendix as 


follows: 


APPENDIX 


TEST FOR MAXIMUM PORE DIAMETER 
AND PERMEABILITY OF STONE 
DIFFUSERS 


(Based on a tentative method of test for rigid 
porous filters developed by Subcommittee 26 
of ASTM Committee E-1 on Methods of 
Testing) 


Definitions 


1. (2) Maximum Pore Diameter is the di- 
ameter in microns of a capillary of circular 
cross-section which is equivalent (with respect 
to surface tension effects) to the largest pore in 
the diffuser under construction. 

(b) Permeability is the flow of air, in milli- 


: 


liters per min, through the diffuser stone at air 
pressure of 250 mm of water. é yal 


Apparatus 


2. (a) Apparatus for the maximum pore 
diameter determination consists of a regulated 
source of clean, dry compressed air; a U-tube 
water manometer of sufficient length to read a 
pressure differential of 800 mm; and a cylinder 
of a size sufficient (250 ml is suitable) to con- 
veniently immerse a diffuser stone to a depth 
of 100 mm. 

(b) Additional apparatus for permeability 
determination consists of a gas volume meter of 
sufficient capacity to measure flow rates of at 
least 6000 ml per min and a filtering flask 
large enough that 1-in. diameter diffuser stones 
will pass through the neck. The flask shall be 
fitted with a rubber stopper with a single hole to 
admit the air-inlet tube (see Fig. 4). 


Method of Test 


3. (a) Maximum Pore Diameter.—Support 
the clean diffuser by an air-inlet tube at a depth 
of 100 mm as measured to the top of the stone 
in distilled water in a cylinder and allow it to 
soak for at least 2 min. Connect the air-inlet 
tube to a controllable source of clean, compressed 
air and a manometer as shown in Fig. 3. Increase 
the air pressure at a rate of about 50 mm of 
water per min until the first dynamic bubble 
passes through the filter and rises through the 
water. The first dynamic bubble is recognized 
by being followed by a succession of additional 
bubbles. Read the water level in both legs of the 
manometer and record the difference as the 
pressure, p. The uniformity of distribution of 
pores approaching maximum pore size may be 
observed by gradually increasing the air pres- 
sure and noting the uniformity with which 
streams of bubbles are distributed over the 
surface. 

Calculate maximum pore diameter, D, in 
microns from the following formula: 

29,225 


(b) Permeability Connect the clean, dry 
diffuser stone with a controllable source of clean, 
dry compressed air and place it in a filtering 
flask connected to a suitable flowmeter as shown 
in Fig. 4. Adjust the pressure differential to 
250 mm of water and’measure the rate of flow 
of air through the diffuser stone in milliliters per 
minute. Depending on the sensitivity of the flow- 
meter used, this observation may be made for a 
suitably longer period and the average flow rate 
per minute recorded. 
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D 909 —- 49 T,’ Knock Characteristics of 
Aviation Fuels by the Supercharge 


Method: 


Section 6 (b).—Change to read as 


follows: 


(b) Compression Ratio, 7.0 to 1 fixed by 
adjustment of the clearance volume to 108 + 
0.5 ml on cylinders of standard bore by the 
bench tilt procedure, Section 303 of Supplement 
III. Clearance volumes for oversize cylinders 
are shown in this section. If the detonation 
meter pickup is used the clearance volumes are 
2 ml less than for the Waukesha plug. 


Supplement I: 


Section 104.—Change to 


Supplement IIT: 


Section 303 (c).—Change to read as 


follows: 


(c) Volume of Water, Supercharge.— 
From a clean buret measure into the combustion 
chamber the volume of water specified in the 


following table: 


read as 
recommended above for Method D 613. 

Section 105 (a).—Change to read as 
recommended above for Method D 614. 


Waukesha Detona- 
Cylinder Size afeter 
hermal Pickup 
0.010 in. Oversize........ 108.6 106.6 
0.020 in. Oversize........ 109.2 107.2 
0.030 in. Oversize........| 109.8 107.8 


Both the cylinder and water should be at the 
same temperature before starting the clearance 


volume measurement. 


Section 410 (b).—Change as recom- 
mended above for Method D 613. 

Table XVIII.—Change as_ recom- 
mended above for Method D 613. 


D974-55T, Test for Neutralization 
Value by Color-Indicator Titration: 


Section 1 (a).—Change “benzene” to 


read ‘‘toluene.” 


71952 ASTM Manual 
Methods for Rating Fuels. 


of Engine Test 


| 


Section 2.—Change “‘benzene”’ to read 
“toluene.” 

Section 6 (c).—Change to read as 
follows: 
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(c) p-Naphthoibenzein Indicator Solution.— 
The p-naphtholbenzein must meet the specifi- 
cations given in the Appendix. Prepare a solu- 
tion containing 10 g of p-naphtholbenzein® per 
liter of titration solvent (Paragraph (e)). 


Footnote 8.—Change to read as 


follows: 


8Solid -naphtholbenzein to meet the 
specifications given in the Appendix is avail- 
able from Distillation Products Industries, 
Eastman Organic Chemicals Department, 
Rochester 3, N. Y.” 


Section 6 (e).—Change “benzene’’ to 
read “toluene.” 

Section 12.—Change to read as fol- 
lows: 


12. Precision.—This precision section ap- 
plies only to new, light-colored, straight min- 
eral oils and new and used inhibited steam 
turbine oils. Insufficient data are available on 
other oils coming within the scope of this 
method so that no precision is given for such 
oils. 

(a) Repeatability—Duplicate determinations 
by the same operator should not differ by more 
than the following: 


Neutralization Number Repeatability 
0.05 


(b) Reproducibility—Results from two dif- 
ferent laboratories should not differ by more 
than the following: 


Reproducibility 
0.00 to 0.1........ 0.04 
0.08 
15 per cent of the neutra- 
lization number level 


Note 9.—Delete the phrase “that are 
partially immiscible in the solvent 


x vy 
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Note 10.—Delete this note. 

Appendix.—Add the following ap- 
pendix, which is to be published for 

APPENDIX alt Fee 
SPECIFICATIONS 
p-NAPHTHOLBENZEIN- 

Detailed Requirements: 

p-Naphtholbenzein shall conform to the fol- 
lowing requirements: 

A ppearance.—Red amorphous powder. 

Chlorides.—Less than 0.5 per cent. 

Solubility—Ten grams shall dissolve com- 
pletely in one liter of titration solvent (Section 
5 

Minimum Absorbance.—Exactly 0.1000 g of 
sample is dissolved in 250 ml of methanol. Five 
ml of this solution is made up to 100 ml with 
pH 12 buffer. This final dilution should have a 
minimum absorbance of 1.20 when read at the 
650 my peak using a Beckman DU Spectropho- 
tometer, 1 cm cells and water as the blank. 

pH Range.—(a) Indicator turns to the first 
clear green at a relative pH of 11 + 0.5 when 
tested by the method for pHr range of p-naph- 
tholbenzein indicator as described in Section 
6 (c). 

(b) Requires not more than 0.5 ml of 0.01 V 
KOH above that for blank to bring indicator 
solution to the first clear green. 

(c) Requires not more than 1.0 ml of 0.01 NV 
KOH above that for blank to bring indicator 
solution to a blue color. 

(d) Initial pHr of indicator solution is at 
least as high as that of the blank. 


Method for Determining pHr Range of har 
p-Naphtholbenzein Indicator 


— 


Scope 


1. This method is intended for determining 
the acceptability of p-naphtholbenzein indicator 
for use in ASTM Method D 974 with regard 
to color change over a pHr range. 


Outline of Method 


2. A prescribed amount of indicator is 
titrated electrometrically through the various 
color changes with alcoholic potassium hydroxide 
and results plotted against meter readings con- 
verted to pHr units. 


Definitions 


3. pHr. This is an arbitrary term which ex- 
presses the relative hydrogen ion activity in the 
toluene-isopropy! alcohol medium in a manner 
similar to that in which the term pH expresses 


q 


‘ 
4 
: 
) 
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the actual hydrogen ion activity in aqueous 
solutions. For the purpose of this method, the 
pHr acidity scale is defined by two standard 
buffer solutions which have been designated 
pHr 4 and pHr 11. The exact relation between 
pHr and the true pH of a toluene-isopropyl 
alcohol solution is not known and cannot be 
readily determined. 


Apparatus 


4. Meter, Glass Electrode, Calomel Electrode, 
Stirrer, Beaker and Stand, as specified in the 
Appendix to ASTM Method D 664, Test for 
Neutralization Value (Acid and Base Numbers) 
of Petroleum Products (Potentiometric Titration 
Method). 


Purity of Reagents 


5. Reagent grade chemicals shall be used in 
all tests. 

Unless otherwise indicated, it is intended 
that all reagents shall conform to the specifica- 
tions established by the Committee on Analyti- 
cal Reagents of the American Chemical Society 
where such specifications are available.? Other 
grades may be used, provided that it is first 
ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening 
the accuracy of the determination. 

References to water shall be understood to 
‘mean distilled water. 


Reagents 


(a) Standard Potassium Hydroxide Solution 
(Alcoholic, 0.2 N). Prepare, store and standardize 
as directed in ASTM Method D 664. 

(b) Standard Hydrochloric Acid Solution (Alco- 
holic, 0.2N).—Prepare and standardize as di- 
rected in ASTM Method D 664. 

(c) Titration Solvent. Add 500 ml of toluene 
and 5 ml of water to 495 ml of anhydrous iso- 
propyl alcohol. The titration solvent should be 
made up in large quantities, and should be tested 
as described in Section 8. 

(d) Acidic Buffer Solution, pHr = 4.0.— 
Prepare a stock solution as directed in ASTM 
D 664. Add 10 ml of buffer stock solution to 
100 ml of titration solvent. Use the diluted 
solution within one hour. 

(e) Alkaline Buffer Solution, pHr = 11.0.— 
Prepare a stock solution as directed in ASTM 
D 664. Add 10 ml of buffer stock solution to 
100 ml of titration solvent. Use the diluted solu- 
tion within one hour. 

(f) Potassium Chloride Electrolyte —Prepare 
a saturated solution of potassium chloride in 
water. 

(g) p-Naphtholbenzein Indicator Solution.— 
Prepare as in ASTM D 974. 
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Preparation of Electrode System 


6. Prepare electrode system as in ASTM 
D 664, Section 7(a) and (0). 


Standardization of Apparatus 


7. (a) Prior to each test or series of tests, set 
the meter to read on the pH scale, insert the 
electrodes into a beaker containing the acidic 
nonaqueous buffer solution at a temperature of 
25 + 2 Cand stir the solution vigorously. When 
the pH meter reading becomes constant adjust 
the asymmetry potential dial of the instrument 
so that the meter reads 4.0. 

(b) Remove the acidic buffer, clean the elec 
trodes, and immerse them in distilled water for 


12 
Meter Reading 
With Alkaline 
lok Nonaqueous 

5 
8F 
3 
= 

4- Meter Adjusted to 

Read 4.0 in Acidic 

Nonaqueous Buffer 

2r 


Fic. 6.—Calibration Curve for Conversion of 
pH Meter Readings to pHr. 


several minutes. Dry the electrodes and insert 
them in a beaker containing alkaline nonaqueous 
buffer solution at 25 + 2 C. When the pH meter 
reading has become steady, record the exact 
value. If the reading is within 0.2 pH units of 
11.0, the initial acidity, pHr, of unknown solu- 
tions may be read directly from the dial of the 
meter. If the reading is not within 0.2 units of 
11.0 prepare a correction graph as shown in 
Fig. 1. Use this graph to convert pH meter 
readings to initial acidity, pHr. 


Procedure 


8. (a) Titrate 100 ml of titration solvent with 
0.01 N KOH until the meter indicates a pHr 
between 13 and 14. 

(b) Add 0.5 ml of indicator solution to a fresh 
portion of titration solvent and after cleaning 
the electrodes titrate with 0.01 N KOH until 
the meter indicates a pHr between 13 and 14. 

(c) During the titration, plot the volume of 


‘ 
| 
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, titrant against the pHr or meter reading and 21220-57T,° Calibrating Upright 
note on the curve the various color changes at Tanks: 
the corresponding pHr values. 
Nore 1.—The following color changes, in Section 55 (d).—In Paragraph (5), 
. order, are intended as a guide: change the Note to read as follows: 
Amber to olive green 
1 = Olive green to clear green Note.—A total of bbl has been de- 
c 7 Clear green to bluish green ducted from this table between —— ft in. 
f ' : Bluish green to blue and —— ft —— in. for roof displacement based 
p ; - (d) Plot the blank titration on the same upon a floating weight of — lb and an observed 
t paper used for the indicator. liquid gravity of ° API as observed under 
t conditions of liquid in which the roof is float- 
Calculation ing. (This may be at any observed tempera- 
9. Subtract the volume of titrant used in the ture.) Gaged levels above —— ft in. 
. blank titration from that used for the indicator reflect this deduction but should be corrected 
solution titration at the same pHr corresponding for actual observed gravity of the liquid at 
to the definite color changes between 10 and 12 _ prevailing temperatures as follows: For meget 
pHr. API observed, no correction. For each degree 
below ° API observed Add bbl. 
New Figure——Add a new Fig. 1, as_ For each degree above © API observed —— 
shown in the accompanying Fig. 6, to Substract —— bbl. ROOF DISPLACEMENT HAS 
the new Appendix. BEEN DEDUCTED. 
D 1019-57T,° Test for Olefinic Plus 
Aromatic Hydrocarbons in Petroleum ‘ 
7 : Distillates: 52. (a) Expansion and Contraction of Steel Tank 
Shells With Temperature —For non-insulated 
Section 6 (a).—Replace the second metal tanks, the temperature of the shell may, 
sentence with the following: in general, be taken as the mean of the ad- 
jacent liquid and ambient temperatures on 
Place the flask in its holder in the shaking opposite sides at the same location. In which 
machine. Flasks held in a vertical position must case: 
2 be submerged at least to the 20 per cent (2 —— 
ml) mark in the ice water bath (0 to 2 C). ts = an plats ait: eteAels (9) 
f Flasks held in the oblique position, that is, 
more than 10 deg from the vertical, must be (b) For insulated metal tanks, the tempera- 
immersed above the top graduation in an ice ture of the shell may be taken as closely ap- 
t pack or ice water (Note 6). Keep the flask in proximating the adjacent liquid temperature. 
s the ice water or ice pack for at least 10 min In which case, fg = ¢y. 
T before adding sample (Note 7). 
t Volume correction, per cent = 0.0013 (ts — 60) 
f New Note.—Add a new Note 6 to I vs i , 
4 n applying these principles to upright 
2 read as follows, renumbering the present cylindrical tanks, the horizontal cross-sectional 
e Note 6 and subsequent notes accord- area may be taken as a function of tank cali- 
f ingly. bration. The coefficient 0.0013 is predicated on 
R a thermal expansion coefficient 0.0000065 per 
: Note 6.—One practical form of ice pack degree Fahrenheit for low carbon steel. For 
for the inclined flask is shown in Fig. 9. metals other than low carbon steel, the coeffi- 
. cient 0.0013 should be corrected by dividing 
D 1091-54 T,’ Test for Phosphorus in by the thermal expansion coefficient of low 
Lubricating Oils, Additives and Con- carbon steel and multiplying by the thermal 
r centrates: expansion coefficient of the actual metal en- 
F countered. For example, if the tank shell is 
h Section 7 (a).—Change to read as aluminum, the Pas a0 0.0013 is changed to 
follows: 
0.0000125 
(a) Hydrogen Peroxide (30 per cent), con- 0.0013 X 9:0025 
; taining no more than 0.9002 per cent phos-  ——___ 
f 8 Issued as a separate reprint. 


i 


308 ay REPORT OF CoMMITTEE D-2 


where: 

0.0000125 = thermal expansion coefficient for 
aluminum, and 

0.0000065 = thermal expansion coefficient for 
low carbon steel. 

The liquid height dimension is a function of 
gaging the liquid level; accordingly, the effect 
of thermal expansion or contraction on innage 
and outage gage readings should be considered 
separately. 


D 1319-56T,*® Test for Hydrocarbon 
Types in Liquid Petroleum Products 

_ (Fluorescent Indicator Adsorption 
(FIA) Method): 


Section 1.—Change the last sentence 
to read “Samples containing apprecia- 
ble amounts of Cs and lighter hydro- 
carbons should be depentanized to 
avoid errors; the quantitative effect has 
not as yet been determined.” 

Section 4.—Add a new Paragraph 
(d) and new Note 5 to read as follows, 
relettering the present Paragraphs (d) 
and (e), and renumbering the present 
Note 5 and subsequent Notes accord- 
ingly: 

(d) Standard Dyed Gel’ consisting of a mix- 
ture of recrystallized Petrol Red AB4 and 
purified portions of the olefin and aromatic 


markers obtained by chromatographic ad- 
sorption following a definite, uniform procedure. 


Nore 5.—This mixture has been coopera- 
tively tested and has been found to produce 
more brilliant and definite zones when applied 
to kerosine type fuels and is especially recom- 
mended for use in analyzing commercial turbine 
fuels for aircraft. Results from such use have 
given a precision somewhat better than stated 
in Section 7. 


Footnote 7.—Change to include dyed 
gel. 

Section 5 (a).—Add the following 
after the fifth sentence: 

Rotate the column slowly by hand while 
vibrating or tapping to prevent horizontal seg- 
regation of particles and to avoid the possi- 
bility of channeling. Alternately vibrating 
racks have been used successfully for this 
purpose. 

New Note.—Add the following new 


® 1956 Supplement to Book of ASTM Stand- 
ards, Part 5. 
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Note 10 after Section 5 (f), renumbering 
the subsequent note accordingly: 

Note 10.—If the dye mixture specified in 
Section 4(c) or the dyed gel prepared as de- 
scribed in Note 4 are used, the use of a Wratten 
No. 47 or No. 50 light filter between the column 
and the eyes may aid in the recognition of the 
aromatic zone front. 


D 1322 -54T,® Test for Smoke Point 
of Jet Fuels: 


New Section.—Add new Section 5 to 
read as follows, renumbering the pres- 
ent Section 5 and subsequent sections 
accordingly: 

5. Reference Fuel Blends—The materials 
used to make the reference fuel blends are 
the ASTM Knock Test Reference Fuels, Iso- 
octane and Reference Fuel Grade Toluene. The 
composition and smoke points of these blends 
are as follows: 


Toluene, ae cent by | Jsooctane, per |Standard Smoke 
volume cent by volume}Point at 760 mm 


60 14.7 
75 20.2 
90 30.2 
95 35.0 


The blends must be made very accurately. The 
use of either calibrated pipets or burets is 
recommended. Calibrated flasks should not be 
used. 

Section 6—Renumber as 8. At the 
end of Paragraph (d) (3) add “These are 
to be disregarded.” 

Section 7—Renumber as 9. Change 
the second sentence of Paragraph (a) to 
read “Correct this average for both the 
barometric pressure by the use of Figs. 3 
or 4 and the calibration factor in accord- 
ance with the procedure in Section 7.” 

In Paragraph (5), change “barometric 
pressure without any” to read “baro- 
metric pressure and the calibration 
curve without any.” 

New Section.—Add a new Section 7 to 
read as follows: 

7. Calibration of Apparatus.—(a) The ap- 
paratus is calibrated by testing, in accordance 


with Section 8, two of the reference fuel 
blends in Section 5 which, if possible, bracket 


| — 
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the smoke point of the test fuel. If not possible, 
the two blends nearest the smoke point should 
be used. The determined smoke point of the 
test fuel is multiplied by a correction factor 
determined as follows: 

As, Bs 


Correction Factor = Aa _ Ba 
2 
where: 


A, = standard smoke point for first reference 
fuel blend, 

Ag = determined smoke point for first reference 
fuel blend, 

B, = standard smoke point for second reference 
fuel blend, 

By = determined smoke point for second refer- 


ence fuel blend. 


If the determined smoke point of the test fuel 
exactly matches the determined smoke point of 
a reference fuel blend, the second bracketing 
reference fuel shall be the reference fuel blend 
with the next higher smoke point if there is one; 
otherwise the one with the next closest smoke 
point shall be used. 

(6) The required reference fuel blends 
should be run each day by each operator and a 


test on a given reference fuel blend need not 


be repeated in any given day unless a change in 
the apparatus or operator is made. 

Figure 2.—Make the notation “Base 
of Flame” at the bottom of the illus- 
trated flame. 


D 1368 —55 T,° Test for Trace Concen- 
trations of Tetraethyllead in Primary 
Reference Fuels: 


Section 3.—Add the following new 
Paragraph (a), relettering the present 
Paragraph (a) and subsequent para- 
graphs accordingly: 

(a) Chemically resistant glassware shall be 
used in this method. 

D 1408-56 T,’ Calibrating Spherical 
and Spheroidal Tanks: 

Appendix III.—Change to read as 
follows: 

PROCEDURE FOR COMPUTING THE VOLUME 
CORRECTION FOR THERMAL EXPANSION OR 
CONTRACTION OF SPHERICAL AND SMOOTH 

SPHEROIDAL TANKS WHICH ARE CON- 


oe STRUCTED OF METALS OTHER THAN 
Low CARBON STEEL 


The basis and method of correcting the vol- 
ume of spherical and smooth spheroidal tanks 


which have been affected in size by changes in 
temperature is described in Section 10. The 
coefficient K is obtained from the curve of Fig. 
7, which is based upon a thermal expansion 
coefficient, 0.0000065, for low carbon steel. 
The coefficient KA varies linearly with the 
coefficient of thermal expansion. The value K 
for other tank metals may be derived by taking 
the value from the curve of Fig. 7, dividing by 
the thermal expansion coefficient for low-carbon 
steel, and multiplying by the thermal expansion 
coefficient of the actual metal encountered. 


For example: 
(0.0000125) 


K,l = 
* (0.0000065) in 
where: i " 
Kal = volume correction coefficient for 
an aluminum shell, 
K, = volume correction coefficient for 
a low carbon steel shell (from 
Fig. 7), 
0.0000125 = coefficient of thermal expansion 
for wrought aluminum, and 
0.0000065 = coefficient of thermal expansion 


for low-carbon steel. 
_ REVISION OF STANDARDS AND 
REVERSION TO TENTATIVES 
The committee recommends _re- 


visions as indicated of the following 
standards and their reversion to tenta- 
tive: 


D93-52,° Test for Flash Point by 
Means of the Pensky-Martens Closed 
Tester: Revise as appended hereto.‘ 


D 1092-55,° Test for Apparent Vis- 
cosity of Lubricating Greases: Re- 
vise as appended hereto.* 


ADOPTION OF TENTATIVES AS STANDARDS 
WitHouT REVISION 


The committee recommends that the 
following four tentative methods of 
test be approved for reference to letter 
ballot of the Society for adoption as 
standard without revision: 


D95-56T,° Test for Water in Petroleum 
Products and Other Bituminous Materials 


: 
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D 937-49 T,® Test for Penetration of Petro- 
latum 

D 1269-56 Test for Polarographic Deter- 
mination of Tetraethyllead in Gasoline 


D 1402-56 T,® Test for Effect of Copper on 
the Oxidation Rate of Grease 


put REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 

_ The committee recommends for im- 
mediate adoption revisions of the fol- 
lowing six standards as _ indicated, 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
visions may be referred to letter ballot 
of the Society: 


D 129-57,’ Test for Sulfur in Pe- 
_ troleum Products and Lubricants by 
Bomb Method: 


_ Section 7.—Change to read as fol- 
lows: 


7. Precision.—Results should not be con- 
sidered suspect unless they differ by more than 
the following amounts (Note 5): 


Sulfur, percent by | Repeatability |Reproducibility 


.. 0.04 0.05 
0.08 0.15 
0.12 0.25 
008.0... 0.18 0.27 


Nore 5.—The precision shown in the above 
table does not apply to samples containing over 
2 per cent chlorine because an added restriction 
on the amount of sample which can be ignited is 
imposed. 


D 189 — 52,° Test for Carbon Residue of 
Petroleum Products, Conradson 
Carbon Residue: 


Section 4 (a).—Replace the last sen- 
tence with the following: 


For samples showing more than 5.0 and less 
than 15.0 per cent carbon residue by the proce- 
dure described in Section 3(a), repeat the test 
using a 5 + 0.5 g sample weighed to the nearest 


5 mg. In the event that a result greater than 15.0 
per cent is obtained, repeat the test, reducing 
the sample size to 3 + 0.1 g. weighed to the 
nearest 5 mg. 

If the sample boils over, reduce the sample 
size first to 5 g and then to 3 g as necessary to 
avoid the difficulty. 

When the 3-g sample is used, it may not be 
possible to control the preignition and vapor 
burning times within the limits specified in 
Section 3(c), and in such cases, the results are 
nevertheless valid. 


Section 5,—Change Paragraphs (a) 
and (4) to read as follows: 
(a) Repeatability—Duplicate results by the 


same operator should be considered suspect if 
they differ by more than the following amounts: 


Conradson Carbon Residue, Repeatability, per 


per cent cent of Mean 
see Fig. 2 


(b) Reproducibility.—The result submitted by 
one laboratory should not be considered suspect 
unless it differs from that of another laboratory 
by more than the following amounts: 


Conradson Carbon Residue, Reproducibility, per 
per cent cent of Mean 

Figures 2 and 3.—Delete the portions 
beyond 5 average per cent residue. 

Footnote 2.—Add the sentences “In 
1958, additional data on precision were 
obtained, and the procedure was re- 
vised to include samples having high 
percentages of residue.” 


D 323 -56,° Test for Vapor Pressure 
of Petroleum Products (Reid 
Method): 


Section 4 (e).—In the last sentence 
change “pouring spout” to read “trans- 
fer connection.” 

Section 5 (c).—In the second sentence 
add “maintained at 100 + 0.2 F” after 
“water bath.” 

Section 6.—In the first sentence of 
Paragraph (a), change “insert the 
chilled spout (see Fig. 2).” to read 
“insert the chilled transfer connection 
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and air tube (see Fig. 2).” In the second 
sentence, change “pouring spout” to 
read “transfer connection.” 

Replace the first two sentences of 
Paragraph (e) with the following: 


(e) Preparation of Apparatus for Next Test.— 
Disconnect the air chamber, gasoline chamber, 
and pressure gage (Note 5). Remove trapped 
fluid in the Bourdon tube by repeated centrif- 
ugal thrusts. This may be accomplished in the 
following manner. Hold the gage between the 
palms of the hands with the right hand on the 
face side and the threaded connection of the 
gage forward. Extend the arms forward and up- 
ward at an angle of 45 deg with the coupling 
of the gage pointing in the same direction. 
Swing the arms downward through an arc of 
about 135 deg so that the centrifugal force 
aids gravity in removing the trapped liquid. 
Repeat this operation three times to expel all 
liquid. Purge the pressure gage by directing a 
small jet of air into its Bourdon tube for at least 
5 min. 


New Note——Add a new Note 5 to 
read as’ follows, renumbering the pres- 
ent Note 5 and subsequent notes ac- 
cordingly: 

Nore 5.—In the case of crude oil, the Bour- 
don tube must be washed with a volatile solvent 
after each test. 

Table I.—For the definitions of P, 
and Pi add the word “absolute” after 
the words “square inch.” 

Section 16.—Change to read as fol- 
lows: 

16. Precision —The following table shall 
be used as a basis for judging the acceptability 
of results (95 per cent probability): 

(a) Repeatabiliy.—Duplicate results by the 
same operators should be considered suspect 
if they differ by more than the amounts speci- 


Apparatus) 
5 to 16 lb (except Avgas)...... 0.2 
Above 26 
Avgas (approximately 7 Ib)..... 0.1 


(b) Reproducibility—The results submitted 
by each of two laboratories should not be con- 
sidered suspect unless they differ by more than 
the amounts specified. 
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Reproducibility 


Range 
tus) 
5 to 16 lb (except Avgas)...... 0.3 
0.4 
Avgas (approximately 7 Ib)..... 0.15 


D 357 —56,!" Test for Knock Charac- 
teristics of Motor Fuels by the 
Motor Method: 


Section 6 (n).—Change to read as 
follows: 


(n) Micrometer Adjustment.—Set to read 
0.500 in. (5.5 to 1 compression ratio) with the 
piston at tde and with a clearance volume of 
140 + 0.5 ml to the top face of the pick-up 
hole on cylinders of standard bore as measured 
by either of the tilt procedures described in 
Section 302 and 303 of Appendix III. Clearance 
volumes for oversize cylinders are shown in 
Section 302. 


In addition, the following changes 
are to be made in the supplementary 
material to Method D 357 which ap- 
pears in the 1956 ASTM Manual for 
Rating Motor Fuels by Motor and Re- 
search. 


Supplement I: 


Section 104.—Change to read as 
recommended above for Method D 613. 

Section 105.—Add the following sen- 
tence to the first paragraph: “Cylinders 
of standard bore are preferred equip- 
ment but rebored cylinders up to a 
maximum of 0.030 in. oversize may be 


used.” 


Supplement IV: 


Section 410 (b).—Change to read as 
recommended above for Method D 613. 

Table XI.—Change to read as recom- 
mended above for Method D 613. 


ex 


©1957 Supplement to ASTM Manual for 
Rating Motor Fuels by Motor and Research 
Methods. 
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D 664-54,° Test for Neutralization 
Value (Acid and Base Numbers) of 
Petroleum Products (Potentiometric 

Titration): 
Section 3.—Change 
read “toluene.” 
Section 6 (j).—Change “benzene” to 
read “toluene.” 
Note 8.—Change “benzene” to read 
“toluene.” 


D 908 — 56,'° Test for Knock Charac- 
teristics of Motor Fuels by the Re- 
search Method: 


“benzene” to 


Section 6 (m).—Change to read as 
recommended above for Section 6() 
of Method D 357. 

Sections 104, 105, 410 (b) and Table 
X I.—Change to read as indicated above 
for Method D 357. 


REVERSION OF STANDARD TO TENTATIVE 
WitHouT REVISION 


The committee recommends the re- 
version to tentative of the Standard 
Method of Test for Autogenous Ignition 
Temperatures of Petroleum Products 
(D 286-30)° in order to facilitate a 
major revision that is under considera- 
tion. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee has reviewed the fol- 
lowing 17 tentative methods of test 
that have stood two or more years in 
their present form, and for good and 
sufficient reason discussed within the 
committee, recommends that they be 
continued as tentatives without re- 
vision: 

D94-56T, Test for Saponification Number 
of Petroleum Products by Color Indicator 
Titration 

D 155 - 45 T, Test for Color of Lubricating Oil 
and Petrolatum by Means of ASTM Union 
Colorimeter 

D 156 - 53 T, Test for Saybolt Color of Refined 
Petroleum Products (Saybolt Chromometer 
Method) 

D217-52T, Test for Cone Penetration of 

Lubricating Grease 
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D 270-55 T, Method of Sampling Petroleum 
and Petroleum Products 

D 396 - 48 T, Specifications for Fuel Oils 

D 893-52T, Test for Normal Pentane and 
Benzene Insolubles in Used Lubricating Oils 

D 1086 -56 T, Method of Measuring the Tem- 
perature of Petroleum and Petroleum Prod- 
ucts 

D1218-52T, Methods of Measurement of 
Refractive Index and Refractive Dispersion 
of Hydrocarbon Liquids 

D 1318-54T, Test for Sodium in Residual 
Fuel Oil by Flame Photometer 

D 1367-55 T, Test for Lubricating Qualities 
of Graphites 

D 1401 -56 T, Test for Emulsion Characteris- 
tics of Steam-Turbine Oils 

D 1403-56T, Test for Cone Penetration of 
Lubricating Grease Using One-Quarter Scale 
Cone Equipment (One-Quarter Scale of 
Method D 217 Cone and Worker) 

D 1404-56T, Test for Estimation of Dele- 
terious Particles in Lubricating Grease 

D 1406 -56 T, Methods for Liquid Calibration 
of Tanks 

D 1407-56 T, Methods for Calibrating Barge 
Tanks 

D 1410-56T, Methods for Calibrating Sta- 
tionary, Horizontal Tanks 


STANDARDS CONTINUED WitHout 
REVISION 


The committee has reviewed the fol- 
lowing 21 standards which have stood 
for six years or more without revision 
and which in the opinion of the com- 
mittee represent good practice. It 
recommends that they be continued as 
standards without revision: 


D91-52, Test for Precipitation Number of 
Lubricating Oils 

D 127 - 49, Test for Melting Point of Petrola- 
tum and Microcrystalline Wax 

D 187 - 49, Test for Burning Quality of Kerosine 

D 219 - 36, Test for Burning Quality of Long- 
Time Burning Oil for Railway Use 

D 239 - 30, Test for Burning Quality of Mineral 
Seal Oil 

D 341-43, Standard Viscosity-Temperature 
Charts for Liquid Petroleum Products 

D 473 - 48, Test for Sediment in Fuel Oil by 
Extraction 

D 482 - 46, Test for Ash Content of Petroleum 
Oils 

D 566 - 42, Test for Dropping Point of Lubri- 
cating Grease 

D 612-45, Test for Carbonizable Substances 
in Paraffin Wax 
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D810-48, Test for Sulfated Residue, Lead, 
Iron, and Copper in New and Used Lubri- 
cating Oils 

D 811-48, Methods of Chemical Analysis for 
Metals in Lubricating Oils 

D942-50, Test for Oxidation Stability of 
Lubricating Greases by the Oxygen Bomb 
Method 

D 971-50, Test for Interfacial Tension of Oil 
Against Water by the Ring Method 

D973-50, Test for Butadiene Content of 
Polymerization Grade Butadiene 

D 1017-51, Test for Benzene and Toluene by 
Ultraviolet Spectrophotometry 

D 1020 - 52, Test for Acetylene in Polymeriza- 
tion-Grade Butadiene (Silver Nitrate Method) 

D 1023-52, Test for Separation of Residue 
from Butadiene 

D 1025-52, Test for Nonvolatile Residue of 
Polymerization Grade Butadiene 

D 1026-51, Test for Sodium in Lubricating 
Oils and Lubricating Oil Additives 

D 1093 -52, Test for Acidity of Residue from 
Distillation of Gasoline and of Petroleum 
Solvents 


AMERICAN STANDARDS 


The committee recommends the fol- 
lowing for action by ASA Sectional 
Committee Z11 on Petroleum Products 
and Lubricants: aps 


Approval as American Standard: 


Test for Polarographic Determination of Tetra- 
ethyllead in Gasoline (D 1269-56 T), 

Test for Effect of Copper on the Oxidation Rate 
of Grease (D 1402 - 56 T), 


Reaffirmation as American Standard: 


Z11.51—1943, Test for Dropping Point of 
Grease (D 566 - 42), 


1! The letter ballot vote on these recommenda W. T. Gunn, 
tions was favorable; the results of the vote are ; 0° Se 
on record at ASTM Headquarters. Secretary. 

Epitori1AL NOTE i. 
Subsequent to the Annual Meeting, Committee D-2 presented to the Society through : 
the Administrative Committee on Standards the following recommendations: Wer ty 
Revision of Tentative Specification for: 


Gasoline (D 439 - 58 T). 
Revision of Tentative Method for: 


Withdrawal of Tentative Methods for: 


Color of Petroleum Products (D 1500-57 T). 


Approval as American Standard as Revised in 
This Report: 


Z11.7, Flash Point by Pensky-Martens Closed 
Tester (D 93), 

Z11.25, Carbon Residue of Petroleum Products 
(D 189), 

Z11.36, Existent Gum in Fuels (D 381), 

Z11.37, Knock Characteristics of Motor Fuels 
by the Motor Method (D 357), 

Z11.44, Vapor Pressure of Petroleum Products 
(D 323), 

Z11.47, Carbon Residue of Petroleum Products, 
Ramsbottom Coking Method (D 524), 

Z11.59, Neutralization Value by Potentio- 
metric Titration (D 664), 

Z11.69, Knock Characteristics of Motor Fuels 
by the Research Method (D 908), 

Z11.71, Olefinic Plus Aromatic Hydrocarbons in 
Petroleum Distillates (D 1019), 

Z11.72, Apparent Viscosity of Lubricating 
Grease (D 1092), 

Z11.78, Foaming Characteristics of Crankcase 
Oils (D 892). 


The recommendations in this report 
have been submitted to letter ballot of 


the committee, the results of which will 
be reported at the Annual Meeting." 


This report has been submitted to 
letter ballot of the committee, which 
consists of 138 voting members; 97 
members have returned their ballots, 
of whom 90 have voted affirmatively 
and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


H. M. Situ, 


Chairman. 


Calibrating Tank Car Tanks (Pressure and Non-Pressure Types) (D 1409 - 56 T). 7 
These recommendations were accepted by the Standards Committee on September 9, 


1958, and the revised tentative specification and method appear in the 1958 Book of 
ASTM Standards, Part 7. 
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Since the committee submitted its last 
report, resignations of the following 
members have occurred: L. T. Bissey, 
chairman; R. V. Warrick, secretary; 
J. F. Anthes, Advisory Committee; 
H. S. Bean, chairman, Subcommittee 
II on Measurement of Gaseous Samples; 
and T. S. Bacon, chairman, Subcommit- 
tee IV on Determination of Specific 
Gravity and Density of Gaseous Fuels. 

E. E. Stovall has been elected to suc- 
ceed Mr. Bacon as chairman of Sub- 
committee IV. K. R. Knapp has been 
reappointed by the Advisory Committee 
as secretary. 

The officers and members of the Ad- 
visory Committee elected for the ensu- 
ing term of two years are as follows: 

Chairman, D. V. Kniebes. 

Vice-Chairman, F. E. Vandaveer. 

Secretary, K. R. Knapp. 

Advisory Committee: D. V. Kniebes, 
Chairman; and W. M. Cline, A. W. 
Gauger, E. G. Hammerschmidt, K. R. 
Knapp, G. C. Putnam, and F. E. Van- 
daveer. 


REVISION OF STANDARD, 


IMMEDIATE ADOPTION 

7 The committee recommends for im- 
: mediate adoption revisions as follows 


of the Standard Method of Test for 
Water Vapor Content of Gaseous Fuels 
by Measurement of Dew-Point Tempera- 
ture (D 1142 -53),! and accordingly asks 
for the necessary nine-tenths affirma- 

* Sixty -first Annual Meeting of the Society, 


22-27, 1958. 
11955 Book of ASTM Standards, Part 5. 
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tive vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society. The formula 
shown, together with accompanying 
tables and figure, provides a ready and 
convenient means for determining water 
vapor content under usual conditions. 
New Paragraph.—To Section 5 add a 
new Paragraph (c) to read as follows: 


(c) A correlation of the available data on the 
equilibrium water content of natural gases has 
been reported by Bukacek.’ This correlation is 
believed to be accurate enough for the require- 
ments of the gaseous fuels industry except for 
unusual situations where the dew point is meas- 
ured at conditions close to the critical tempera- 
ture of the gas. The correlation is a modified 
form of Raoult’s law having the following form: 


= A/P+B 
where 
W = water vapor content, lb per million SCF, 
P = total pressure, psia, 
A =a constant proportional to the vapor 
pressure of water, and 
B =a constant depending on temperature and 


gas composition. 


Values of B were computed from available 
data on methane, methane-ethane mixtures, 
and natural gases. 

Table II lists values of the constants A and 
B for natural gases in the temperature range of 
—40 to 460 F. Table III lists values of water 
vapor content from —40 to 250 F and from 14.7 
psi to 5000 psi, covering the range of most 
natural gas processing applications. 

A convenient graphical representation of 
the data in Table III is illustrated in Fig. 2. 
The moisture content values given can be 
corrected to base conditions other than 14.7 
psia and 60 F by the same equations given in 
Table II. Complete sets of these charts covering 
the entire range of pressures and temperatures 
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of Table III may be purchased from the In- 
stitute of Gas Technology. 


7R. F. Bukacek, “Equilibrium Moisture 
Content of Natural Gases,” Institute of Gas 
Technology Research Bulletin 8 (1955). Reports 
work sponsored by the Pipeline Research Com- 
mittee of the American Gas Association. 
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Fic. 1.—Saturation Water Content of Natu- 
ral Gases. 


New Tables.—Add new Tables II and 
III as shown in the accompanying 
Tables I and 

New Figure.—Add a new Fig. 2 as 
shown in the accompanying Fig. 1. 


REAPPROVAL OF STANDARD 


The committee recommends the reap- 
proval of the Standard Method of Test 
for Specific Gravity of Gaseous Fuels 


2 The new tables are not included in this re- 
port but appear in the revised Method of Test, 
see 1958 Book of ASTM Standards, Part 8. 
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(D 1070—52)' which has stood for six 
years without revision. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the 
continuation without revision of the 
Tentative Method of Analysis of Car- 
bureted Water Gas by the Mass Spec- 
trometer (D 1302 - 53 T).! 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting.* : 
ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. E. Stovall, chairman) recom- 
mended the reapproval of Methods 
D 1070 referred to earlier in the report. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(E. G. Hammerschmidt, chairman) 
reviewed the results of extensive work 
by the Institute of Gas Technology on a 
method for determining equilibrium 
water content of natural gases. This 
enables determinations to be made by 
the use of a modified form of Raoult’s 
law with accompanying tables and 
charts. The method is believed suffi- 
ciently accurate for the gaseous fuels 
industry except for unusual conditions 
where dew-point measurement is made 
at conditions close to the gas critical 
temperature. By letter ballot of the sub- 
committee its inclusion in Method D 
1142 was, therefore, recommended 
through addition of Paragraph (c) to 
Section 5, Calculations. 

Subcommittee VII on Complete Analy- 
sis of Chemical Composition of Gaseous 
Fuels (D. V. Kniebes, chairman) recom- 
mended the continuation as tentative of 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Method D 1302 -53 T. This action was 
taken in view of contemplated revisions of 
this standard to meet some objections of 
Committee E-14 on Mass Spectrometry 
to acceptance in its present form. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 34 members; 26 members 
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returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F, E. VANDAVEER, 
Vice-Chairman. 


K. R. Knapp, 
Secretary. 
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ROAD AND PAVING MATERIALS* 


Committee D-4 on Road and Paving 
Materials held two meetings during the 
year: in Atlantic City, N. J., on June 21, 
1957, and in St. Louis, Mo., on February 
14, 1958. 

The committee has unanimously 
elected Julius Adler and R. R. Thurston 
as Honorary Members of the committee. 

The committee has discharged Sub- 
committee B-25 on Effect of Water on 
Compressed Bituminous Mixtures and 
Subcommittee D-4 on Asphalt Planks. 
The title of Subcommittee D-3 has been 
changed to Joint Fillers and Asphalt 
Planks. 

The committee is planning a sympo- 
sium for the 1958 Annual Meeting on 
“Effect of Water on Bituminous Paving 
Mixtures.” It is also planning a sym- 
posium for the 1959 Annual Meeting on 
“The Practical and Statistical Signifi- 
cance of Tests and Properties of Bitu- 
minous Paving Binders.” 

Plans are being made to sponsor a 
committee session during the Third 
Pacific Area National Meeting to be 
held in San Francisco, Calif., on October 
11 to 16, 1959. 

A few subcommittees now have a 
rather large membership and considera- 
tion is being given by the committee to 
placing some limitation on subcommittee 
membership. 

The committee has jurisdiction over a 
number of ASTM Standards jointly with 
other committees and a study is being 
made to determine if such joint jurisdic- 
tion can be minimized. 


* © Binty- first Annual Meeting of the Society, 
June 22-27, 1958. 


The officers elected for the ensuing 
term of two years are as follows: 

Chairman, A. B. Cornthwaite. 

First Vice-Chairman, R. E. Bollen. 

Second Vice-Chairman, J. E. Gray. | 

General Secretary, J. M. Griffith. 

Membership Secretary, D. W. Lewis. 

NEw TENTATIVES 
The committee recommends for pub- 


lication as tentative the following 

methods as appended hereto:! a 

Tentative Method of Test for: 

Density of Soil in Place by the Sand-Cone 
Method, 

Moisture-Density Relations of Soils Using a 
10-Ib Rammer and an 18-in. Drop, 

Resistance to Plastic Flow of Bituminous Mix- 
tures by Means of the Marshall Apparatus, 

Resistance to Deformation and Cohesion of 
Bituminous Mixtures by Means of Hveem 
Apparatus, 

Moisture-Penetration Resistance Relations of 
Fine-Grained Soils. 


Tentative Method of: 


Preparing Bituminous Mixtures by Means of 
California Kneading Compactor. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Method of Test for Mois- 
ture-Density Relations of Soils 
(D 698 57 T)2 


Title—Change the title to read: 
“Tentative Methods of Test for Mois- 


1The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 4. 

2 1957 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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ture-Density Relations of Soils, Using 
5.5-lb Rammer and a 12-in. Drop.” 
Section 2(i)—Delete this paragraph. 
Section 4.—In Paragraph (a) delete all 
but the first sentence. Change the last 
part of the Note at the end of Section 4, 
beginning with line 9, to read as follows: 


In these cases, the separate samples shall be 
thoroughly mixed with amounts of water suffi- 
cient to cause the moisture contents of the 
samples to vary by approximately 2 percentage 
points. The moisture contents selected shall 
bracket the optimum moisture content, thus 
providing samples which, when compacted, will 
increase in weight to the maximum density 
and then decrease in weight. The soil-water 
mixturés should be placed in covered containers 
and allowed to stand for not less than 12 hr 
before making the moisture-density test. 


Section 7(b)—Change to read as fol- 
lows: 


(b) Sieve an adequate quantity of the repre- 
sentative pulverized soil over the ?-in. sieve. 
Discard the coarse material, if any, retained 
on the ?-in. sieve (Note). 


*’ Nore.—If it is advisable to maintain the 
same percentage of coarse material (passing a 
2-in. sieve and retained on a No. 4 sieve) in the 
moisture-density sample as in the original field 
sample, the material retained on the 34-in. sieve 
shall be replaced as follows: Sieve an adequate 
quantity of the representative pulverized soil 
over the 2-in. and 34-in. sieves. Discard the 
coarse material retained on the 2-in. sieve. Re- 
move the material passing the 2-in. sieve and 
retained on the 34-in. sieve and replace it with 
an equal weight of material passing the 34-in. 
sieve and retained on the No. 4 sieve. Take the 
material for. replacement from the remaining 
portion of the sample. 


Section 8—In Paragraph (a) delete all 
but the first sentence. In Paragraph (0) 
replace the last two sentences with the 
following: 


Following compaction, remove the extension 
collar, carefully trim the compacted soil even 
with the top of the mold by means of a straight- 
edge. Holes developed in the surface by the 
removal of coarse material] shall be patched with 
smaller size material. Weigh the mold and moist 
soil. Multiply the weight of the compacted 
specimen and mold, minus the weight of the 
mold, by 30, and record the result as the wet 
weight per cubic foot of the compacted soil. 


: 


Section 13—-Add a fourth item to 
read: “(4) In Methods C and D indica- 
tion of removal or replacement of 3-in. 
material.” 


Tentative Method of Test for Compres- 
sive Strength of Bituminous Mixtures 
(D 1074-55 T):* Revise as appended 
hereto.' 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions as indicated of the following 
standards: 


Standard Methods of Testing Emulsified 
Asphalts (D 244 55)3 


Section 8.—Replace the present Sec- 
tion 8 with a new section entitled “Pre- 
cision,” to read as follows: 


8. The following data should be used for 
judging the acceptability of results (95 per cent 
probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Water Content, Repeatability, 


per cent by per cent by . 
Weight Weight Item A 2 
30 to 50 0.8 : 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Water Content, Reproducibility, 


per cent by per cent by if 
Weight Weight Item B ti) 
30 to 50 2.0 


New Section—Add a new Section 11 
entitled “Precision” after the present 
Section 10 to read as follows, renumber- 
ing subsequent sections accordingly: 


11. Precision—The following data should 
be used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 
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Residue by 
per cent by per cent by 
Weight Weight Item A 
50 to 70 1.0 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Residue by 

Distillation, 

per cent by 
Weight 


50 to 70 


Reproducibility, 
per cent by 
Weight 


2.0 


Item B 


New Section—Add a new Section 15 
entitled “Precision” after the present 
Section 13, to read as follows: 


15. Precision.—The following data should be 
used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Residue by 
Repeatability, 
per cent by per cent by 
Weight Weight Item A 
50 to 70 0.4 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Residue by 
per cent by per cent by 
Weight Weight Item B 
50 to 70 0.8 


New Section—Replace the present 
Section 16 with a new Section 18, en- 
titled ‘“‘Precision,” to read as follows: 


18. Precision—The following data should 
be used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Test Repeat- 


Temper- ability, 
ature, per cent 
deg Fahr Viscosity, sec of the Mean} [tem A 
77 20 to 100 5 
122 75 to 400 10 


(6) The results submitted by each of two 
laboratories should not be considered suspect 
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unless they differ by more than the following 
amount: 


baljiiy 
Test Reproduci- 
ility, 
ature, per cent 
deg Fahr Viscosity, sec of the Mean} [tem B 
77 20 to 100 15 
122 75 to 400 40 “] 


New Section—Add a new Section 22 
entitled ‘‘Precision” after the present 
Section 19, to read as follows: 


22. Precision.—The following data should 
be used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Demulsibility, Repeatability, 
per cent per cent q 

by Weight of the Mean Item A a 
30 to 100 10 - 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Demulsibility, | Reproducibility, 


per cent per cent > 
by Weight of the Mean Item B 
30 to 100 50 a, 


New Section—Add a new Section 25 
entitled “Precision” after the present 
Section 21, to read as follows: 


25. Precision.—The following data should 
be used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Set tlement, per 


cent by Weight Repeatability 
Oto1.0 per cent by 
above 1.0 weight 
5 per cent of the 
mean 


(b) The results submitted by each of two- 
laboratories should not be considered suspect 
unless they differ by more than the following 


amount: 
Settlement 
ettlement, per 
cent by Weight Reproducibility 
O0to1.0 per cent by Item B 
weight 
above 1.0 10 per cent of the 
mean 
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_ New Section—Add a new Section 30 
entitled “Precision” after the present 
Section 25, to read as follows: 


30. Precision.—The following data should be 
used for judging the acceptability of results (95 
per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 

Cement Mixing, 


per cent 
by Weight 


0 to 2 


Repeatability, ) 
per cent 
by Weight | Item A 


0.2 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Cement Mixing, Reproducibility, 
per cent per cent 
by Weight by Weight Item B 
0 to 2 0.4 


New Section.—Add a new Section 34 
entitled “Precision” after the present 
Section 28, to read as follows: 


34. Precision.—The following data should be 
used for judging the acceptability of results 
(95 per cent probability): 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 


Sieve Test, Repeatability, 

per cent per cent 
uy by Weight by Weight Item A 
b 0 to 0.1 0.03 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Sieve Test, Reproducibility, 


per cent per cent 
a by Weight by Weight ‘Item B 
0to 0.1 0.08 


New Section—Add a new Section 47 
entitled “Precision” after the present 
Section 40, to read as follows: 


47. Precision.—The following data should 
be used for judging the acceptability of results 
(95 per cent probability) : 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amount: 
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Penetration of Repeatability, 
Residue, Range oints Ttem 
80 to 200 15 J 


(b) The results submitted by each of two 
laboratories should not be considered suspect 
unless they differ by more than the following 
amount: 


Item 


Penetration of 
Residue, Range 


80 to 200 30 


Reproducibility, 
Points 


Standard Specifications for Hot-Mixed, 
Hot-Laid Asphaltic Concrete for Base 
and Surface Courses (D 947 — 55): 


Table II —Revise the column headed 
“Grading No. 2” to read as follows: 


Sieve Size Grading No. 2 

95to100 
30 to 60 
5to 25 

Table III—Revise the amounts 


passing the No. 200 sieve as follows: 


Nominal Maximum Size of Amount Finer than No 


Aggregate | 200 Sieve 


Standard Specifications for Asphaltic 
Mixtures for Sheet Asphalt Pavements 
(D 978 — 54):° 
Table II—Revise the column headed 

“Grading No. 2” to read as follows: 


Sieve Size Grading No. 2 

100 

85 to 100 
65 to 90 
No. 100 5to 25 


| 
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Standard Specifications for Bituminous 
Mixing Plant Requirements (D 995 — 
55):3 


Section 2(e)—To the end of the para- 
graph add the sentence ‘The screens 
provided for separation of the aggregate 
into bins shall have an efficiency of not 
less than 85 per cent, based on laboratory 
sieves.” 


Standard Specifications for Fine Aggre- 
gate for Sheet Asphalt and Bituminous 
Concrete Pavements (D 1073 54):! 


Section 3(a)—In the table of gradings 
revise the column headed “Grading No. 
2” to read as follows: 


Sieve Size Grading No. 2 
95 to 100 
85 to 100 
65 to 90 
30 to 60 
5 to 25 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 

The committee recommends revisions 

as appended hereto! of Standard Meth- 

ods of Sampling Stone, Slag, Gravel, 

Sand, and Stone Block for Use as High- 

way Materials (D 75 — 48) and reversion 
of the method to tentative. 


ADOPTION OF TENTATIVES AS STANDARD 
Wirnovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Method of Test for: 


Water in Petroleum Products and Other 
Bituminous Materials (D 95 — 56 T).4 


41956 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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Recommended Practice for: 


Quantities of Materials for Bituminous Surface 
Treatments (D 1369 —55 T).3 


REVISIONS OF STANDARDS, ‘ 


IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Method of Test for Bitumen 
Content of Paving Mixtures by Cen- 
trifuge (D 1097 — 57):° 


Section 5(d).—Delete the last three 
sentences and replace with the following: 


Ash the bituminous material at a dull red 
heat (500 to 600 C), cool and add 5 ml of satu- 
rated ammonium carbonate solution per gram 
of ash. Digest at room temperature for 1 hr and 
then dry in an oven at 110 C to constant weight, 
cool in a desiccator and weigh. Calculate the 
weight of ash in the entire volume of extract. 


Standard Specifications for Sodium 
Chloride (D 632 - 43):’ Revise as ap- 
pended hereto.! 


WITHDRAWAL OF TENTATIVE 


The committee recommends the with- 
drawal of the Tentative Specifications 
for Preformed Expansion Joint Fillers 
for Concrete (Nonextruding and Resili- 
ent Types) (D 544 — 56 T).4 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Method of Test for: 


Abrasion of Rock by Use of the Deval Machine 
(D 2- 33), 

Toughness of Rock (D 3 - 18), 

Bitumen (D 4 - 52), 

Penetration of Bituminous Materials (D 5 - 52), 

Softening Point of Bituminous Materials 
(Ring-and-Ball Method) (D 36 - 26), 


= 
| 
) 
i 
a H 
| 
5 
*. 
= 


Softening Point of Tar Products (Cube-in-Water 
Method) (D 61 - 38), 

Specific Gravity of Road Oils, 
Asphalt Cements, and Soft 
(D 70-52), 

Specific Gravity of Asphalts and Tar Pitches 
Sufficiently Solid to be Handled in Fragments 
(D 71 - 52), 

Ductility of Bituminous Materials (D 113 - 44), 

Proportion of Bitumen Soluble in Carbon 
Tetrachloride (D 165 - 42), 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by the Modified Abson 
Procedure (D 762 - 49), 

Sulfonation Index of Road Tars (D 872 — 48), 

Resistance to Plastic Flow of Fine-Aggregate 
Bituminous Mixtures (D 1138 — 52), 

Amount of Material Finer Than No. 200 Sieve 
in Aggregate (C 117 - 49), 

Specific Gravity and Absorption of Coarse 
Aggregate (C 127 - 42), and 

Sieve Analysis of Fine and Coarse Aggregates 
(C 136 - 46). 


Standard Specifications for: 


Recut Granite Block for Pavements (D 131 - 
39), 

Asphalt Filler for Brick Pavements (D 241 - 43), 

Tar (D 490 - 47), 

Asphalt Plank (D 517 - 50), 

Cut-Back Asphalt (Rapid 
(D 597 - 46), and 

Cut-Back Asphalt 
(D 598 - 46). 


Standard Methods of: 


Float Test for Bituminous Materials (D 139 - 
49), and 

Sampling Bituminous Paving Mixtures (D 979 - 
51). 

Standard Recommended Practice for: 

Bituminous -Mixing Plant Inspection (D 290 - 
51). 

Standard Volume Correction Table for: 

Tar and Coal-Tar Pitch (D 633-44). 


Road Tars, 
Tar Pitches 


Curing Type) 


(Medium Curing Type) 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards. 


Standard Method of Test for Resistance 
to Plastic Flow of Fine-Aggregate 
Mixtures (D 1138 — 52):° 


Title—Change the title to read 


“Method of Test for Resistance to 
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Plastic Flow of Fine-Aggregate Mixtures 
Using Hubbard-Field Apparatus.” 


Tentative Method of Test for Moisture 
or Volatile Distillates in Bituminous 
Mixtures (D 1461 — 57 T)? 


Title—Change the title to read “‘Ten- 
tative Method of Test for Moisture or 
Volatile Distillates in Bituminous Paving 
Mixtures.” 

Section 1—In line 4 insert the word 
“paving” before “‘mixtures.” 

Section 2——Change Paragraph (c) (/) 
to read as follows: 


(1) For determination of water in bituminous 
paving mixtures, a glass trap of 10- or 25-ml 
capacity shall be used. The traps shall be 
graduated in 0.1-ml divisions with a +0.05-ml 
maximum error below 1 ml, and in 0.2-ml 
divisions with a +0.1-ml maximum error above 
1 ml, as specified in ASTM Specifications E 123, 


Change Paragraph (d) to read as 
follows: 


(d) Solvent—For general use an aromatic 
solvent is preferred since it has high solvency 
and dispersing power for most bituminous 
materials. Xylol, or a blend of 20 per cent benzol 
and 80 per cent xylol, is recommended. For 
asphalts and similar petroleum products, a 
petroleum distillate, 5 per cent boiling between 
194 and 212 F, and 90 per cent distilling below 
410 F, may be used. For coal-tar, water-gas tar, 
and similar materials, the aromatic solvent must 
be used. 


Section 4.—Change the last sentence 
to read as follows: “Thoroughly break 
up this sample to avoid large lumps and 
place it in the still.” 


Standard Methods of Test for Specific 
Gravity and Absorption of Fine Aggre- 
gate (C 128 — 57):° 


Section 3—Add at the end of the sec- 
tion the sentence, ‘Mechanical aids, if 
desired, may be employed to assist in 
achieving the specified saturated surface- 
dry condition.” 


The recommendations in this report 


have been submitted to letter ballot of 


A 
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the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee A-4 on Papers (W. H. 
Goetz; chairman) has been active in the 
solicitation of suitable technical papers 
for presentation at meetings of the 
Society. Several such papers have been 
offered for presentation at the 1958 
Annual Meeting. 

Subcommittee B-1 on Asphalt Content 
(H. F. Waller, Jr., chairman) has been 
engaged in detailed studies of various 
aspects of the test procedure outlined in 
the Tentative Method of Test for 
Vacuum Distillation of Liquid and Semi- 
Solid Asphaltic Materials to Obtain a 
Residue of Specified Penetration (D 
1189-52 T). It has recommended that 
this method be retained as tentative in 
view of probable modifications resulting 
from studies now under way. 

Subcommittee B-2 on Physical Tests for 
Compressed Bituminous Mixtures (L. F. 
Rader, chairman) has been actively en- 
gaged in the preparation of several new 
test methods as well as a review of exist- 
ing methods. It has recommended the 
following new methods: (/) Proposed 
Tentative Method of Test for Resistance 
to Plastic Flow of Bituminous Mixtures 
by Means of Marshall Apparatus, (2) 
Proposed Tentative Method of Test for 
Resistance to Deformation and Cohesion 
of Bituminous Mixtures by Means of 
Hveem Apparatus, and (3) Tentative 
Method of Preparing Bituminous Mix- 
tures by Means of California Kneading 
Compactor. The subcommittee is also 
considering the preparation of a recom- 
mended practice for design procedures 
using the test methods noted above. 

The subcommittee has recommended 
certain modifications of Method D 1074 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. = 
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and has recommended several editorial 
revisions of Method D 1461. 

Subcommittee B-3 on Distillation (J. 
W. Donegan, chairman) is engaged in a 
study of the repeatability and reproduci- 
bility of the Standard Method D 402 
and, in view of the magnitude of some 
deviations, is considering means of im- 
proving test procedures through a co- 
operative testing program. It has made a 
study of a similar test, British Institute 
of Petroleum Method IP 27/56, which 
has indicated the desirability of certain 
editorial changes in D402 which are 
now being prepared. 

The subcommittee has recommended 
that the Tentative Method of Test for 
Water in Bituminous Materials (D 95 - 
56 T) be adopted as standard. 

Subcommittee B-5 on Softening Point 
(D. F. Fink, chairman) is initiating a 
cooperative testing program on a single 
thermometer/bath method for possible 
incorporation into Method D 36. 

Subcommittee B-6 on Extraction and 
Recovery of Constituents from Bituminous 
Mixtures (E. W. Klinger, chairman) has 
established four task groups to make 
cooperative studies of a variety of extrac- 
tion methods now in general use by 
various agencies. The purpose of this 
work is to evaluate the advantages and 
disadvantages of each of these methods 
as a basis for future activities of the 
subcommittee. It has recommended a 
revision of the ashing procedure in the 
Standard Method D 1097. 

Subcommittee B-7 on Viscosity and 
Float Test (C. A. Benning, chairman) is 
engaged in the preparation of a method 
of test for the viscosity of tars and tar 
products by the Engler viscosimeter. 

Subcommittee B-12 on Siructural Prop- 
erlies of Mineral Aggregates (Stanton 
Walker, chairman) is working coopera- 
tively with Subcommittee III-e of Com- 
mittee C-9 on possible modifications of 
Method C 131. It is investigating the 
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effect of changes in sample weight, as 
might result from the application of sug- 
gested tolerances, on measured loss in 
the test. Data on reproducibility and 
repeatability of the test method are also 
being accumulated. The subcommittee 
is also compiling a list of research sub- 
jects for submission to the Administra- 
tive Committee on Research. 

Subcommittee B-14 on Specific Gravity 
(H. T. Williams, chairman) is working 
cooperatively with Subcommittee III-e 
of Committee C-9 on possible revisions 
of Methods C 127 and C 128. Studies are 
also under way on possible modifications 
of Method D 1188. 

Subcommittee B-15 on Sampling Road 
Materials (R. E. Britton, chairman) 
has recommended revisions of Methods 
D 75. It is investigating an automatic, 
mechanical sampling device for use in 
securing representative samples of ag- 
gregates from plant bins. 

Subcommittee B-16 on Setting Qualities 
of Bituminous Mixtures (A. B. Corn- 
thwaite, chairman) is engaged in studies 
of various test methods for determining 
the curing rate of liquid asphalts. Studies 
are being made with the rolling-ball 
method, the Shell microviscometer and 
the Bureau of Public Roads thin film test. 

Subcommitice B-17 on Emulsion Tests 
(P. E. McCoy, chairman) has established 
precision limits for tests included in 
Method D 244 and has recommended 
the incorporation of this material in 
Method D 244. Work has been initiated 
to develop a new method for testing MS 
emulsified asphalts and to modify and 
improve the current demulsibility test 
procedure. Efforts are being made to 
devise means of improving the viscosity 
test procedure. 

Subcommittee B-18 on Loss on Heating 
(W. E. Spelshouse, chairman) has ini- 
tiated studies to improve the accuracy 
of Method D 6. The studies are being 
directed primarily toward a method of 


REPORT OF COMMITTEE D-4 _ q 


calibrating ovens to give more consistent 
results. 

Subcommittee B-19 on Accelerated 
Tests for Durability of Bituminous 
Materials (D.C. Taylor, chairman) is pre- 
paring a Method of Test for Determin- 
ing the Effect of Heat and Air on As- 
phaltic Materials. It is also undertaking 
a cooperative study of a Method of Test 
for Aging Index of Bituminous Materials 
using the Shell microviscometer. 

Subcommittee B-24 on Penetration Test 
(J. Y. Welborn, chairman) has completed 
a cooperative testing program to deter- 
mine the precision of Method D 5, re- 
vised to provide closer control of the 
apparatus and procedure. Further revi- 
sions of the method are now under con- 
sideration and additional cooperative 
tests are being conducted. 

Subcommittee B-26 on Effect of Water 
on Bituminous Coated Aggregates (W. H. 
Goetz, chairman) has prepared a Method 
of Test for Coating and Stripping of 
Bitumen-Aggregate Mixtures. Modifi- 
cations of the method are now being 
made to overcome certain features ob- 
jectionable to members of the subcom- 
mittee and of Committee D-4. 

Subcommittee C-4 on Emulsified As- 
phalis (C. E. Proudley, chairman) is 
giving consideration to a number of 
proposed changes in Specifications D 977. 

Subcommittee C-6 on Brick and Block 
Pavements (W. G. Doherty, chairman) 
has recommended the withdrawal of 
Specifications D 57, D58, D112, and 
D 132. Committee D-4 may wish to give 
further consideration to these recom- 
mendations but the recommendation for 
withdrawal is included in this report. 

Subcommittee C-9 on Bituminous Pene- 
tration Macadam Surfaces and Bases 
(C. F. Parker, chairman) is considering 
possible modifications of Specification 
D 693. 

Subcommittee C-10 on Plant Mix Bi- 
tuminous Surfaces and Bases (Fred 
Hubbard, chairman) has recommended 
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certain aggregate gradation changes in 
Specifications D 947 and D 1073. The 
subcommittee held a joint meeting with 
representatives of the American Associa- 
tion of State Highway Officials Com- 
mittee on Materials and representatives 
of The Asphalt Institute to consider the 
possibility of achieving better consist- 
ency in bituminous mixture specifications 
of the three organizations. This meeting 
resulted in a number of suggested 
changes in the two standards listed above 
for consideration by the subcommittee. 

Subcommittee D-1 on Calcium Chloride 
and Sodium Chloride for Use as Road 
Materials (H. F. Clemmer, chairman) has 
recommended a revision of Specification 
D 632. 

Subcommittee D-2 on Highway Traffic 
Marking Materials (N.G. Smith, chair- 
man) is making a study of various ap- 
proaches to a performance type of specifi- 
cation for traffic paints. 

Subcommittee D-3 on Joint Fillers and 
Asphalt Planks (H. F. Clemmer, chair- 
man) is preparing modifications of 
Specification D 544. Present plans are 
to replace this specification with two 
specifications: one for joint fillers not 
containing bitumen and the other for 
joint fillers containing bitumen. The sub- 
committee is considering possible changes 
in Specification D1190 and Method 
D 1191. 
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Joint Subcommittee of Committees D-4 
and D-18 on Tests and Specifications for 
Stabilized Soils (H. F. Clemmer, chair- 
man) has recommended the following 
proposed new methods: (/) Method of 
Test for Determining the Density of 
Soil-in-Place by the Sand-Cone Method, 
(2) Method of Test for Moisture-Density 
Relations of Soils Using a 10-Ib Rammer 
and an 18-in. Drop, and (3) Method of 
Test for Determination of Moisture- 
Penetration Resistance Relations of 
Fine-Grained Soils. The subcommittee 
has also recommended further revisions 
of Method D 698. 

In addition, the subcommittee has 
given consideration to tentatives under 
its jurisdiction and, pending further 
consideration of possible revisions, rec- 
ommended continuation of the following 
tentatives: D 915, D916, D 1241, and 
D 1411. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 170 members; 116 members 
returned their ballots, of whom 112 have 
voted affirmatively and 4 negatively. 


Respectfully submitted on behalf of 
the committee, 
K. B. Woops, 
Chairman. 
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Joun M. GrirrirTu, 
Secretary. 
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Committee D-5 on Coal and Coke 
held one meeting during the year: in 
Atlantic City, N. J., on June 20, 1957. 
A meeting of the Advisory Subcommittee 
was held in St. Louis, Mo., on Febru- 
ary 11, 1958, and subcommittee meet- 
ings were held in Atlantic City in June, 
1957 and in St. Louis, February 10 to 
13, 1958. 

No changes were made during the 
year in the membership of the com- 
mittee, there being 63 voting members 
of whom 16 are classed as producers, 
24 as consumers, and 23 as general 
interest. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, O. W. Rees. 

Vice-Chairman, W. M. Bertholf. 

Secretary, R. L. Coryell. 

Advisory Committee Members-at- 
Large: A. C. Fieldner, W. W. Anderson, 
C. C. Russell, C. H. Sawyer, and W. 
Selvig (Honorary Member). 

A Task Group C, with Oscar Blatter 
as chairman, was authorized by the 
Advisory Subcommittee to carry out 
studies of the adiabatic calorimeter in 
comparison with the isothermal calorim- 
eter. 

ISO Activities. — Committee D-5, 
through the American Standards Asso- 
ciation, has served as the official U. S. A 
group participating in the development 
of international standards being con- 
ducted by Technical Committee 27, 
Solid Mineral Fuels, of the Interna- 
tional Organization for Standardization. 
Effective participation in this work has 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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been by lack of 
funds to finance travel to meetings, es- 
pecially meetings of working groups, 
and by inability to secure data needed 
to evaluate the many proposals sub- 
mitted for decision. In spite of the above 
mentioned difficulties, members of Com- 
mittee D-5 have reviewed many ISO 
Documents and have developed replies 
to nine documents in connection wiih 
the work of ISO/TC 27. Ways and 
means of making our participation in 
this important work more effective are 
under consideration. This includes an 
effort which is being made to send dele- 
gates to the next meeting of ISO/TC 27 
to be held at Harrogate, England, 
June 12 to 18, 1958. 

Considerable progress has been made 
by this International Committee during 
the past year. Of particular interest is 
the fact that five important methods 
have reached the status of Draft ISO 
Recommendations and have been sub- 
mitted to participating members for 
votes by the General ISO Secretariat. 
Recommended replies have been de- 
veloped by the D-5 Advisory Subcom- 
mittee and submitted to the American 
Standards Association for transmittal to 
the General ISO Secretariat in Geneva, 
Switzerland. 


REVISION OF STANDARD AND | = 


REVERSION TO TENTATIVE 


The committee recommends revisions 
as appended hereto! of the Standard 
Method of Test for Cubic Foot 


1 The revised Method of Test appears in the 
1958 Book of ASTM Standards, Part 8. 
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On Coat 
Weight of Crushed Bituminous Coal 


(D 291-29)? and reversion of the 
method to tentative. 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions relating to sections 
on carbon and hydrogen, and nitrogen 
of the Standard Methods of Laboratory 
Sampling and Analysis of Coal and Coke 
(D 271 — 48)? be approved for reference 
to letter ballot of the Society with the 
following revisions: 

Section 34 (c) (1).—Revise to read 
“Water absorbent. Anhydrous magnesium 
perchlorate of approximately 8 to 45 
mesh size (Note 2).” 

Section 36.—In Paragraph (a), delete 
the rest of the sentence following the 
words “weighed to the nearest 0.1 mg.” 

Revise Paragraph (b) to read as 
follows: 

(b) Sample—Approximately 0.2 g (weighed 
to the nearest 0.1 mg) of air-dry sample ground 


to pass a 250-micron (No. 60) sieve shall be 
weighed into a combustion boat (Note 6). 


New Note 6.—Add a new Note 6 
following Section 36 to read as follows, 
renumbering subsequent Notes accord- 
ingly: 

Note 6.—It may be beneficial to grind fly 


ash, pit ash, calcined coke, and high mineral 
content materials to 100 mesh. 


In the next to the last sentence of 
Paragraph (c), delete the rest of the 
sentence following the words ‘and 
finally weigh them to the nearest 0.1 
mg.” 

Section 37.—Revise Note 2 following 
this section to read as follows: “Trade 
names of the reagent are: Anhydrone 
and Dehydrite.” 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
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have stood for six or more years without 
revision: 

Standard S pecifications for: 


Gas and Coking Coals (D 166 — 24), 
Classification of Coals by Rank (D 388 — 38), and 
Classification of Coals by Grade (D 389 — 37). 


Standard Methods of: 


Drop Shatter Test for Coke (D 141 - 48), 

Test for Volume of Cell Space of Lump Coke 
(D 167 — 24), 

Sampling and Fineness Test of Powdered Coal 
(D 197 — 30), 

Test for Cubic Foot Weight of Coke (D 292 - 
29), 

Test for Sieve Analysis of Coke (D 293 — 50), 

Tumbler Test for Coke (D 294 — 50), 

Test for Size of Anthracite (D 310 — 34), 

Test for Sieve Analysis of Crushed Bituminous 
Coal (D 311 - 30), 

Sampling Coke for Analysis (D 346 — 35), 

Test for Grindability of Coal by the Hardgrove- 
Machine Method (D 409 - 51), 

Test for Screen Analysis of Coal (D 410 — 38), 

Designating the Size of Coal from Its Screen 
Analysis (D 431 — 44), 

Drop Shatter Test for Coal (D 440 - 49), 

Tumbler Test for Coal (D 441 — 45), 

Sampling Coals Classed According to Ash Con- 
tent (D 492 — 48), and 

Test for Index of Dustiness of Coal and Coke 
(D 547 - 41). 


Standard Definition of: 


Terms Relating to Coal and Coke (D 121 - 30), 

Terms Gross Calorific Value and Net Calorific 
Value of Solid and Liquid Fuels (D 407 - 44), 
and 

Commercial Varieties of Bituminous and Sub- 
Bituminous Coals (D 493 — 39). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of all other 
tentatives and tentative revisions of 
standards under its jurisdiction. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Nomenclature and 
Definitions (C. H. Sawyer, chairman) 
continued its review of terms used in 
standards and is referring such terms 
that appear to be ambiguous to appro- 
priate subcommittees or other commit- 
tees of the Society. A suitable procedure 
for defining difficult terms is under 
consideration. 

Subcommittee VII on Pulverizing Char- 
acteristics of Coal (H. F. Yancey, chair- 
man) considered further the revision of 
the Standard Method of Test for Grind- 
ability of Coal by the Hardgrove- 
Machine Method (D 409-51) in which 
it was proposed that suitable uniform 
materials of constant indexes could be 
found among the new industrial chemi- 
cals and materials. A study of the 
grindability of 40 samples was _ pre- 
sented in which tests were made on coal 
of the standard 16-30 sieves and also on 
}6-60 sieves. Consideration is being 
given to a revision of the standard to 
include the expanded particle-size range. 
Modification of the procedure was also 
considered so that results of better re- 
producibility can be obtained on high- 
moisture sub-bituminous coal and lignite. 

Subcommittee XV on Plasticity and 
Swelling of Coal (Michael Perch, chair- 
man) considered the use of an electric 
furnace as-an alternate to the gas burner 
in the Standard Method of Test for 
Free-Swelling Index of Coal (D 720- 
57). A description of the apparatus and 
a comparative study of the accuracy of 
the method with the standard was 
requested. 

The third draft of a proposed standard 
method of testing coal by the Gieseler 
plastometer was presented to the sub- 
committee. Further changes were sug- 
gested for incorporation and the sub- 
committee voted to submit the proposed 
method to letter ballot of the subcom- 
mittee for recommendation of advance- 


ment to tentative status. 
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Subcommittee XX on Sampling and 
Fineness Test of Pulverized Coal (E. L. 
Rogers, chairman) has planned tests to 
be carried out on various types of 
sampling tips and also for comparative 
testing of the standard cyclone and filter 
bags for collecting of samples. The sub- 
committee was of the opinion that it 
would recommend a separate standard 
for a method of calibrating screens. As 
a result of the various suggestions and 
tests, the subcommittee proposed issu- 
ing a revision of the tentative draft of 
Method D 197. 

Subcommittee XXI on Methods of 
Analysis (R. F. Abernethy, chairman) 
approved by letter ballot a recommenda- 
tion to Committee D-5 to advance the 
tentative revisions of methods of analy- 
sis for carbon, hydrogen, and nitrogen, 
and estimation of oxygen of Method 
D 271 to standard status. It recom- 
mended to continue in tentative status 
the test for equilibrium moisture in 
order to investigate the effect of less 
massive equipment on the final results. 
Sufficient investigations were completed 
on new test methods for the sulfur in 
ash, mineral carbonates, and fusibility of 
coal ash in oxidizing atmosphere to pre- 
pare proposed procedures. Proposed 
test procedures were prepared for re- 
vision of the present standards for 
fusibility of ash in a reducing atmosphere 
and volatile matter by a modified 
method. Further work is under way for 
new test methods for chlorine and forms 
of sulfur. 

Subcommittee XXII on Physical Tests 
of Coke (B. P. Mulcahy, chairman) has 
under consideration revision of the 
Standard Method of Drop Shatter Test 
for Coke (D 141-48). Other methods 
for testing coke are to be likewise re- 
viewed. 

Subcommittee XXIII on Sampling 
(W. M. Bertholf, chairman).—Data have 
been assembled and the subcommittee 
can now write preliminary proposals on 
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specifications for mechanical sampling 


problems. A draft proposal for prepara- 
tion of coal samples is in the early stages 
of writing. No definite progress on coke 
sampling can be reported, although this 
subject is being considered. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 63 voting members; 56 mem- 
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bers returned their ballots, of whom 51 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, = 
W. REEs, 
Chairman. 
C. C. Russert, 
Secretary. 
we 
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REPORT OF COMMITTEE D6 

PAPER AND PAPER PRODUCTS* 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 20, 1957, in Atlantic City, 
N. J., and on February 21, 1958, in 
New York, N. Y. 

Joint work between Committee D-6 
and committees of the Technical Asso- 
ciation of the Pulp and Paper Industry 
is progressing. Joint groups are working 
on methods for basis weight, tensile 
strength, bursting strength, flammabil- 
ity of treated papers, absorption by 
bibulous papers, and sampling. Task 
groups are being organized to work on a 
récommended practice for interlabora- 
tory evaluation of test methods for paper 
and paper products, and quantitative 
methods for determining mineral fillers 
and coating constituents in paper. 

A Symposium on New Developments 
With Accompanying Requirements for 
New Testing Methods, consisting of the 
following papers, is being sponsored by 
the Committee at the 1958 Annual 
Meeting of the Society: 


“Some Historical Developments in Paper 
Testing,” by W. R. Willets and F. R. 
Marchetti. 

“Testing of Synthetic Fiber Papers,’ by 
F. H. Koontz and J. K. Owens. 

“Technology of Non-Woven Structures: 
Paper and Textile Processes and End Uses,” by 
J. T. Taylor and F. J. McLaughlan. 

“New Developments in the Internal Bonding 
of Paper,” by K. W. Britt. 

“Paper Base for Laminates in Printed 
Circuitry,” by N. A. Skow. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


“Polyethylene Extrusion Coated Papers— 
An Appraisal of Testing Methods,” by K. 
Thompson. 

“New Approaches in Packaging Material 
Testing for the Food Industry,” by P. K. 
Wolker. 

“Knit Paper—Its Uses as a Utilitarian 
Textile,” by R. H. Marks. 

The committee consists of 80 members, 
of whom 31 are classified as producers, 
18 as consumers, and 31 as general 
interest members. 

The officers and Members-at-Large on 
the Advisory Committee elected for the 
ensuing term of two years are as follows: 

Chairman, R. H. Carter. 

Vice-Chairman, H. A. Birdsall. 

Secretary, R. E. Green. 

Advisory Committee Members-at- 
Large: K. A. Arnold and C. E. Brandon. 


REVERSION OF STANDARD TO TENTATIVE 


The committee recommends the re- 
version to tentative of Standard Meth- 
ods of Test for Thickness of Paper and 
Paper Products (D 645-43)! since the 
committee contemplates a thorough re- 
vision of the method during the com- 
ing year. 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


11955 Book of ASTM Standards, Part 7. 
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Tentative Method of Test for: 


Resistance of Paper to Passage of Air (D 726 - 
55 T), 

Water Resistance of Paper, Paperboard, and 
Other Sheet Materials by the Dry-Indicator 
Method (D 779 - 55 T),! and 

Pinholes in Glassine and Other Greaseproof 
Papers (D 1221 - 52 T).} 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as appended 
hereto” of the Standard Method of Test 
for Titanium Dioxide in Paper (D 921 — 
49),' and accordingly asks for the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
visions may be referred to letter ballot of 
the Society. 


WITHDRAWAL OF TENTATIVE 


The committee recommends the with- 
drawal of the Tentative Methods of Test 
for Water Vapor Permeability of Paper 
and Paperboard (D 988-51 T).'! The 
Tentative Methods of Test for Measur- 
ing Water Vapor Transmission of Ma- 
terials in Sheet Form (E 96 —- 53 T)! will 
be used in place of the withdrawn 
method. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Methods of: 

Test for Machine Direction of Paper (D 528 - 
41), 

Test for Paraffin Content of Waxed Paper 
(D 590 — 42), 

Test for Folding Endurance of Paper (D 643 - 
43), 

Qualitative Examination of Mineral Filler and 
Mineral Coating of Paper (D 686 - 48), 

Test for Pentosans in Paper (D 688 - 44), 

Turpentine Test for Grease Resistance of Paper 
(D 722 - 45), 


2 The revised standard appears in the 1958 
Book of ASTM Standards, Part 6. vere 


ON PAPER AND PAPER PRODUCTS 331 


Test for Hydrogen Ion Concentration (pH) of 
Buffered Paper Extracts (D 778 - 50), 

Test for Printing Ink Permeation of Paper 
(Castor Oil Test) (D 780 - 46), 

Test for Blocking Resistance of Paper and 
Paperboard (D 918 — 49), 

Test for Organic Nitrogen in Paper and Paper- 
board (D 982 - 52), 

Test for Paraffin Wax Absorptiveness of Paper 
(D 983 — 50), 

Test for Reducible Sulfur in Paper (D 984 — 57), 

Preparation of a Magnesium Oxide Standard 
for Spectral Reflectivity (D 986 - 50), 

Creasing Paper for Permeability Tests (D 1027 - 
51), and 

Test for Water-Soluble Sulfates in Paper and 
Paperboard (D 1099 — 52). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of all other 
tentatives under the jurisdiction of the 
committee. 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Method of Test for Paraffin 
Content of Waxed Paper (D 590 — 42):! 


Section 2.—Delete this entire section 
and renumber subsequent sections ac- 
cordingly. 


Standard Method of Test for Pentosans 
in Paper (D 688 — 44) :! 


New Section. —Add a new Section 2 
on Significance of Test to read as follows, 
renumbering the present Section 2 and 
subsequent sections accordingly: 


2. Pentosans in paper are part of the non- 
cellulosic carbohydrates included in the terms 
‘themi-celluloses” or polysaccharides and con- 
sist chiefly of hylan and araban. 

The effect of the pentosans on the chemical 
or physical properties of paper is not definitely 
known at present. Quantitative measurements 
may be informative, especially if the amount of 
pentosans in the pulp from which the paper was 


made is known. a 4 
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Method of Test for Paraffin Wax Ab- 
sorptiveness of Paper (D 983 — 50): 


New Section.—Add a new Section 2 on 
Significance of Test to read as follows, 
renumbering the present Section 2 and 
subsequent sections accordingly: 


2. This method measures the amount of wax 
required to saturate a paper without producing 
any surface film. The results may be used for 
comparing two or more samples to judge their 
suitability for wet waxing, dry waxing, or 
laminating, or to judge the performance of 
saturating machines. The method is of chief 
interest to converters or laminators as a screen- 
ing test or for control purposes. 


Standard Method of Test for Reducible 
Sulfur in Paper (D 984 -— 54):' 


New Section—Add a new Section 2 
on Significance of Test to read as fol- 
lows, renumbering the present Section 2 
and subsequent sections accordingly: 


2. This method is not suitable in all cases for 

determining whether a given paper will tarnish 
polished metals, especially silver. 
, Paper that, when tested by this method, shows 
less than 0.0008 per cent reducible sulfur proba- 
bly can be assumed to be non-tarnishing as far 
as sulfur is concerned. Results showing more 
than 0.0008 per cent reducible sulfur do not 
necessarily indicate that the paper will cause 
tarnishing. Likewise, the results of the test give 
no information regarding the distribution of the 
sulfur in the paper. 

When results showing more than 0.0008 per 
cent reducible sulfur are obtained, or informa- 
tion regarding the distribution of the sulfur or 
the presence of other materials causing stains 
on polished silver is desired, the paper should 
be evaluated by an accelerated tarnishing test. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 

ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Sampling and Con- 


3 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ditioning (T. W. Lashof, chairman) is 
currently evaluating three approaches 
to the problem of sampling in the paper 
industry. The committee has reviewed 
the sampling procedures proposed by 
the International Standards Organiza- 
tion, Technical Committee 6. Recom- 
mended practices for maintaining con- 
ditioning rooms for paper testing and the 
effects of conditioning on paper are 
being studied. 

Subcommittee II on Chemical Test 
Methods (A. P. Tracy, chairman) is 
initiating a new study of a method of 
determining mold resistance of paper. 

Subcommittee IV on Physical Test 
Methods for Container Board (W. B. 
Lincoln, Jr., chairman) is restudying the 
original work on the flat crush test. A 
questionnaire will be sent out to inter- 
ested members in order to design a 
revision of Method D 1225; a coopera- 
tive test will be based on the results of 
this information. In cooperation with 
TAPPI, improvement of the Elmendorf 
method of testing cylinder boards is 
under study. Improved designs of the 
Mullen tester for use with corrugated 
board is being undertaken. 

Subcommittee VI—Editorial (L. S. 
Reid, chairman) is continuing the prep- 
aration of significance of test statements 
for all new and revised methods. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 80 voting members; 54 mem- 
bers returned their ballots, of whom 46 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


R. H. Carter, 
Chairman. 
R. E. GREEN, 
Secretary. 
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wooD* 


Committee D-7 on Wood and 
seven of its subcommittees met in St. 
Louis, Mo. on February 10 and 11, 
1958. Meetings of the following sub- 
committees preceded the main committee 
meeting: Subcommittee I on Specifica- 
tions for Timber; Subcommittee IV on 
Wood Paving Blocks; Subcommittee V 
on Methods of Preservative Treatment 
of Timber; Subcommittee VI on Timber 
Preservatives; Subcommittee VII on 
Wood Poles and Cross Arms; Subcom- 
mittee XIII on Durability and Expo- 
sure; and Subcommittee XV on Wood- 
Base Fiber and Particle Panel Materials. 

Fifteen new members were elected to 
the committee; there were nine resigna- 
tions. One new consulting member was 
appointed, and two committee members 
were appointed to represent D-7 on 
Committees E-1 and D-20. 

The officers elected for the ensuing 
term of two years are as follows: 

_ Chairman, L. J. Markwardt. 

_ Vice-Chairman, L. W. Wood. 


Secretary, L. W. Smith. 


ISO Proposal on Fiberboards—Last 
year it was reported that the American 
Standards Association had received a 
proposal originating in Norway to form 
an international committee on _fiber- 
boards under the auspices of the Inter- 
national Standardization Organization. 
The scope as indicated was for the pur- 
pose of facilitating international trade 
and to establish international agreement 
on standardization of specifications—in- 

* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958.0 


cluding terminology, dimensions and 
tolerances, designations, rules for sam- 
pling and methods of tests—for fiber 
building board. Although ASA, in con- 
currence with the recommendation of 
D-7, advised against the establishment 
of this project, word has been received 
that the committee has now been organ- 
ized by vote of a number of other na- 
tions participating in ISO work. Con- 
sideration should now be given as to 
whether fiberboard interests in the 
United States wish to participate in any 
way. Even if no positive action is taken, 
ASA serves as an observer to report on 
the future activity of the ISO panel. 


NEw TENTATIVE 
The committee recommends for pub- 
lication as tentative the Definitions of 
Terms Relating to Wood-Base Fiber 
and Particle Panel Materials as ap- 
pended hereto." 


ADOPTION OF TENTATIVE AS STANDARD 
WITH REVISIONS 


The committee recommends that the 
Tentative Methods of Static Tests of 
Wood Poles (D 1036-55 T)? be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with revisions as indicated. 

Preface——In lines 7 and 8 change the 
word “top” to “tip.” 

Section 9 (2)—Delete the 
“exact.” 

Section 9 (4).—Change the word “top” 


word 


1The new and revised tentatives appear in 
the 1958 Book of ASTM Standards, Part 6. 
21955 Book of ASTM Standards, Part 4. 
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U.S.DEPARTMENT OF AGRICULTURE 


TREATED 
ire 3 SHIP NO. FOREST PRODUCTS LABORATORY woRKED BY 
PROJECT Wo. F-120 CHECKED BY = 
TABULATION SHEET DATE _SEPT._13, 1956 
[DEFLECTIONS NOTES 
lat line | AT MaDSPAN 
ay (2) @) (4) 
hit ry 23.55 | 0-00 | 43.15 
loo -80 -25 | 13 -bo 
vid __ Zee 24.05 -50 14.00 
400 -54 ‘ 
in sot | 147 | 
100 | 4.74 le 
goo 1-94 le -50 
“ag 1100 -34 | 2-79 | 16-80 
en 1200 -e4 3.07% 11.30 
= in {300 | 27.00 | 3-45 | {8.80 
"38 | 3.83 | 19-40 
1500 -19 4.24 20-05 
ar 1600 28.32 | 4.77 | 2082 
acy | 29-00] £45 | 21-80 
-95 22-0 
1195 30-00| 64S | 2305 
a 1s | 23-80 
Maxn—[325 31.00 24-35 1-20 NEAR aT 
| 79S | 24-85 CREAK 
, dom | 32-00] | 24.95 
1s8S -so | 8-45 | 25.05 AWD 
33.00 9-45 | 25.25 Cacaks 
44s -50 9-495 | 25.45 tnt 
aok 1380 “15 jo 20 | 25-20 
10.30 | 25.15 Fails 
lo 1130 | 34-25] 10-70 | 25.15 
~™m Fic. 1.—Tabulation of Data Observed in Machine Test. : 


to “tip.” Add at the end “to the nearest 
7s in.” 

Section 10(b)—Revise the first 
sentence to read as follows: 


A support B shall be provided at a point 
about three-quarters of the distance from the 
ground line to the point of load application to 
minimize vertical movement at that point and 
reduce the stress from the weight of the pole. 


In the last sentence, delete the word 
“top” after the word “pole.” 

Section 11—In the first sentence 
change “below the top” to read “from 
the tip.” 


Revise the second sentence to read 
“The pulling line shall be kept level be- 
tween the winch position and the point 
where load is applied to the pole.” 

In the definition of C; following the 
formula, change “circumference at point 
of load” to read “circumference at 
ground line.” 

Section 15(a).—In the last sentence, 
change the words “top of the pole” to 
read “load point.” 

Section 16(a) (1).—Change the words 
“top deflection” to read “deflection of 
the load point.” — 
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Table II—In line 3 and the second 
line of the footnote, change “top” to 
read “tip.” 

Section 17(d)—Add a second Explan- 
atory Note at the end of the section to 
read as follows: 


Note.—Since shear deformation makes a 
negligible contribution to the deflection of the 
pole in test, the modulus of elasticity calcu- 
lated by the formula will correspond more 
nearly to the true (compression) modulus of 
elasticity of the wood than to the apparent 
(bending) modulus in the standard test of a 
small clear specimen. 

Section 18(e)—Delete this section. 

Section 20.—In Paragraph (a), in the 
explanation of a in the formula, change 
the word “top” to read “tip.” 

In Paragraph (6), delete the last 
sentence. 

Section 21.—In Paragraph (0), in the 
first sentence, in the explanation of w 
in the formula, and in the first sentence 
of the Note change the words “above 
the load point” to read “from the load 
point to the tip end.” 

In Paragraph (c), at the end of the 
paragraph, add the same Explanatory 
Note as that added to Section 17(d). 

Figures 4, 5, and 6—New sample data 
sheets are shown for Figs. 4 and 5, as 
shown in the accompanying Figs. 1 and 
2, to bring them into accordance with 
the revised text. Figure 6, as shown in 
the accompanying Fig. 3, is slightly re- 
vised for clarification and to bring it 
into accordance with the revision of 
Paragraph 2 of the Appendix. Revise 
the caption for Fig. 6 to read as fol- 
lows: “A Field Layout Which Has Been 
Used for Pole Strength Tests.” 

Section 23(a)—In the first sentence 
change the words “below the ground 
line” to read “from the ground line 
toward the butt.” 

A ppendix.—Revise the second para- 
graph to read as follows: 


Figure 6 shows a field layout which has been 
used, with crib A, test pole, supporting rail EZ, 
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pulling tackle G, and winch H. The sketch indi- 
cates winch positions for three lengths of poles. 
Details of parts of the testing apparatus are 
also included. Points B and C are reference points 
for measuring the movement of the ground line 
and the load point of the test pole, respectively. 
The sand and plank barrier at D is a safety de- 
vice to protect against failure of the tackle or 
pulling line. The screens F are to protect the 
man reading the dynamometer from possible 
breaks in the pulling line. 


REVISION OF STANDARD AND : 
REVERSION TO TENTATIVE 7) 


The committee recommends revisions 
as appended hereto! and reversion to 
tentative of the Standard Specifications 
for Wood Paving Blocks for Exposed 
Pavements (D 52 - 57),? including 
a change in title to Standard 
Specifications for Wood Paving Blocks 
for Exposed Platforms, Pavements, 
Driveways, and Interior Floors Exposed 
to Wet and Dry Conditions. a 

REVISION OF STANDARDS, _ 
IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 


in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Specifications for Round Tim- 

ber Piles (D 25 55)? 

Section 4(c)—Add the following sen- 
tence to the end of the paragraph: 
“Requirements for spacing of knots shall 
be applied at the centers of the knots 
considered.” 

Section 6(a).—Add the following sen- 
tence: “Requirements for tip circumfer- 
ence of piles that are longer than the 
required length may be applied at the 
tip end of the required length.” 

Table I—Change line 3 of the column 
headed “Length, ft” from “51 to 70” 
to read “55 to 70;” change line 4 of the 
same column from “71 to 90” to read 


tA 
- 

' 

' 


“75 to 90.” Revise Footnote a to read as 


follows: 


*In class B piles,a minimum circumference 
of 34 in. or diameter of 11 in. at a point 3 ft 
from the butt may be specified for lengths of 
25 ft and under. In class C piles, a minimum 
circumference of 31 in. or diameter of 10 in. at 
a point 3 ft from the butt may be specified for 
lengths of 25 ft and under. 


Section 12.—Revise to read as follows: 
“Spiral grain shall not exceed one-half of 
a complete twist in any 20 ft of length.” 

Section 17—Revise to read as follows: 
“Spiral grain shall not exceed one com- 
plete twist in any 20 ft of length.” 


Standard Method of Test for Water in 
Creosote (D 370 — 33): 


Section 5.——Change the note at the 
end of this section to read as follows: 


Norte.—Method D 95 — 56 T is the preferred 
method where the determination of the water 
only is desired and the dehydrated material is 
not to be used subsequently for analysis.” 


Standard Method of Test for Integrity of 
_ Glue Joints in Laminated Wood Prod- 
ucts for Exterior Service (D 1101 - 
53):* Revise as appended hereto.! 
_REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six years without revision: 


Standard Methods of Test for: 


Coke Residue of Creosote (D 168 - 30), 

Distillation of Creosote (D 246 — 49), 

Benzene-Insoluble Matter in Creosote (D 367 - 
49), 

Specific Gravity of Creosote (D 368 - 33), 

Specific Gravity, 38/15.5 C., of Creosote Frac- 
tions (D 369 - 33), 

Tar Acids in Creosote and Creosote-Coal Tar 
Solutions (D 453 - 41), and 

Veneer, Plywood, and Other Glued Veneer 
Constructions (D 805 - 52). 


Standard Methods of: 


Sampling and Testing Creosote (D 38 — 33), 
Testing Small Clear Specimens of Timber 
(D 143-52), 


Static Tests of Timbers in Structural Sizes 
(D 198 - 27), 
Chemical Analysis of Zinc Chloride (D 199 — 50), 
Chemical Analysis of Chromated Zinc Chloride 
(D 1033 - 50), and 
Chemical Analysis of Tanalith (D 1035 — 50). 


Standard Specifications for: 
Creosote (D 390 53), py de. 


Creosote-Coal Tar Solution (D 391 — 53), 

Zinc Chloride (D 432 — 50), 

Chromated Zinc Chloride (D 1032 — 50), and 

Tanalith (D 1034 50). ony 

Standard Definitions of: 

Terms Relating to Timber (D 9 - 30), 

Terms Relating to Timber Preservatives 
(D 324-41), and 

Terms Relating to Veneer and Plywood 
(D 1038 - 52). 


Miscellaneous: 


Volume and Specific Gravity Correction Tables 
for Creosote and Coal Tar (D 347 - 33), and 

Nomenclature of Domestic Hardwoods and 
Softwoods (D 1165 - 52). 


TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends the con- 
tinuation without revision of the follow- 
ing standards: 
Tentative Methods of Test for: 


Alpha-Cellulose in Wood (D 1103-55 T), and 
Methoxyl Groups in Wood and Related Ma- 
terials (D 1166 - 55 T). 


Tentative Method of Testing: 
Wood Preservatives by Laboratory Soil-Block 
Cultures (D 1413 - 56 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for 
Timber (L. W. Wood, chairman).—Ac- 
tivities of the subcommittee during the 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. a 
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year have included the revision of the 
Standard Specifications for Round Tim- 
ber Piles (D 25-55) for publication in 
the 1958 Book of Standards. Proposed 
revisions of Tentative Methods for Es- 
tablishing Structural Grades of Lumber 
(D 245-57 T) are under consideration. 
One of the complicated problems in- 
volved is that relating to basic stresses 
for Douglas fir, which is now being 
studied by the Forest Products Labora- 
tory on the basis of extensive sampling 
of the material throughout its range. 
Studies on basic stresses for structural 
lumber are continuing. 

Subcommittee II on Laminated Timber 
(Frank J. Hanrahan, chairman).—Re- 
search has continued since the first 
standard on tests for the evaluation of 
the integrity of glue joints in laminated 
wood products for exterior use was de- 
veloped some years ago. Special consider- 
ation has been given to the reduction in 
over-all time required for completion of 
evaluation by the present method. A 
revised procedure recommended for 
adoption, as reported elsewhere, incor- 
porates changes that effect a reduction 
of the immersion period from 8 to 23 hr, 
making it essentially a two-cycle test 
rather than a three-cycle procedure. This 
reduces the total time required for this 
test from 12 to 8 days. 

Subcommittee IV on Wood Paving 
Blocks (Howard O’Brien, chairman) re- 
vised the Standard Specifications for 
Wood Paving Blocks for Exposed Pave- 
ments (D 52 — 57). The principal revision 
concerns a change in requirements with 
respect to rate of growth for southern 
yellow pine and Douglas fir to not less 
than four annual rings per inch measured 
over a 3-in. portion on a representative 
radial line. A tolerance permitting not 
more than 5 per cent of the pieces in any 
lot to have 3 rings per in. is included. 
The revision unifies the rate of growth 
requirements for the two species. 
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Subcommittee V on Methods of Preserva- 
tive Treatment of Timber (C. W. Best, 
chairman).—Since the reactivation of 
the subcommittee under the present 
chairman, work has been started on the 
development of specifications for the 
preservative treatment of timber prod- 
ucts. This work will be continued during 
the year with the objective of having a 
tentative prepared for approval during 
the coming year. The specifications are 
being correlated with those of the Ameri- 
can Wood-Preservers’ Association. 

Subcommittee VI on Timber Preserva- 
tives (D. L. Davies, chairman).—A re- 
view of some of the present standards 
indicates that some of the references in 
the footnote are now out of date and 
therefore they are being corrected edi- 
torially. 

Subcommitiee VII on Wood Poles and 
Cross Arms (R. P. A. Johnson, chair- 
man).—The principal activity of Sub- 
committee VII continues to be the 
ASTM Wood Pole Research Program. 
The Technical Advisory Group in the 
Subcommittee, with responsibility for 
conducting the program and reviewing 
reports, held one meeting in March 1957 
and has also devoted a great deal of time 
and thought to the many and complex 
technical questions involved. 

The program now nears completion. 
Nine interim reports have been distrib- 
uted by ASTM, with two additional re- 
ports in process. A final report will then 
be prepared for publication and general 
distribution which will not only sum- 
marize and interpret the data from the 
program but also report related research 
which will be of value to American 
Standards Association Sectional Com- 
mittee O5 in reconsidering the whole 
subject of specifications and dimensions 
for wood poles. 

Two special problems have recently 
received attention. The problem of 
strength values in lodgepole pine poles 
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was fully reconsidered with the aid of a 
specific gravity survey conducted by 
Bell Telephone Laboratories, and a sup- 
plemental interim report was issued. 

The problem of strength of treated 
southern pine poles was considered and 
it was agreed that it should be possible 
to obtain satisfactory treatment with less 
effect upon strength than was observed 
in the southern pine tests. To determine 
if this can be done, additional research 
along two lines is now under way. Experi- 
ments are being made at the treating 
plant and test material is under treat- 
ment to see if milder schedules will insure 
adequate penetration and distribution of 
preservative and to observe the effects 
on strength. 

The subcommittee has made minor 
revisions in Tentative Methods of Static 
Tests of Wood Poles (D 1036-55 T) 
which is being recommended for advance- 
ment to standard. 

Further study has been made of the 
standard method of test of strength for 
wood cross arms. It is recognized that 
two methods may be used: (1) a simple 
beam test, which gives a modulus-of- 
rupture or fiber-stress value that is use- 
ful in specification or design of cross arms; 
and (2) a structural test with the arm 
and braces fastened to a pole and load 
applied at each pinhole, which gives 
comparative load values useful for com- 
parisons between structures or for market 
development. The second method is not 
readily standardized because of the vari- 
ety of structures possible. Subcommittee 
VII believes, however, that the first 
method should be standardized, aud has 
taken action leading to reactivation of a 
task group to undertake this work. 

Subcommittee IX on Methods of Test- 
ing (L. J. Markwardt, chairman).—Con- 
sideration will be given during the year 
to the development of two test methods 
relating to the evaluation of two products 
employed in heavy timber construction, 


namely, a method of test for metal con- 
nectors employed in timber joints and 
fastenings, and a method of testing joist 
hangers. Consideration will be given also 
to the development of a test method for 
ladders. 

Subcommittee X on Nomenclature and 
Definitions (R. R. Cahal, chairman).—A 
number of editorial changes were made 
by the subcommittee in the Nomencla- 
ture for Domestic Hardwoods and Soft- 
woods (D 1165-52) to bring them in 
line with the current check list as in- 
tended, but no further work is presently 
under way. 

Subcommitiee XIII on Durability and 
Exposure (R. M. Lindgren, chairman).— 
Two meetings were held during the year, 
the first in Cleveland, Ohio, on October 1, 
1957, and the second on February 10, 
1958 in St. Louis. Considerable progress 
was made in discussing possible revisions 
of the Tentative Method of Testing 
Wood Preservatives by Laboratory Soil- 
Block Cultures (D 1413-56 T), and in 
reaching agreement on the content of a 
new standard to cover accelerated field 
tests of preservatives in }-in. stakes. It 
was the consensus of the committee that 
attempts at revision at this time of 
Method D 1413-56 T would be prema- 
ture and, therefore, that this tentative 
should continue in its present form and 
status for the time being. 

Five task-force groups set up within 
the subcommittee to consider and de- 
velop a new standard on accelerated 
field tests of preservatives were very 
productive through the year. As a result 
of these efforts, it now appears likely that 
a draft of a possible tentative standard 
will be ready for consideration by the 
entire subcommittee in the late summer 
or early fall. 

Subcommittee XV on Wood-Base Fiber 
and Particle Panel Materials (W. C. 
Lewis, chairman).—A subject that has 
had much discussion and consideration is 
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that relating to definitions of terms for 
fiber and particle board materials. After 
several years’ work a draft has been de- 
veloped that meets general approval, and 
is recommended for adoption under the 
title, ‘““Tentative Definitions of Terms 
Relating to Wood-Base Fiber and Par- 
ticle Panel Materials.” 

Work has continued in the develop- 
ment of additional tests for fiberboards 
and particle boards, The committee rec- 
ommends that Method D 1037 be con- 
tinued as tentative but that the title be 
changed to “Tentative Methods of Test 
for Evaluating the Properties of Wood- 
Base Fiber and Particle Panel Materials.” 
Additional test procedures as follows: 
(1) falling ball impact tests, (2) navy- 
type abrasion test, and (3) direct screw 
withdrawal are being considered by the 
subcommittee and will be included in a 
subsequent revision. 

Methods of test and a product specifi- 
cation for insulated roof deck slabs are 
being studied, as well as the possible 
‘need for a particle board standard. 

Subcommittee XVI on Wood Flour 
(H. W. Shader, chairman).—Following a 


AD 
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conference in Atlantic City at the time 
of the Annual Meeting in June 1957, 
arrangements were made to organize a 
subcommittee on wood flour for the pur- 
pose of developing specifications and 
methods of test that will establish more 
definite procedures between buyer and 
seller. It was brought out that a number 
of problems relating to specifications and 
methods of sieve analysis required fur- 
ther study and that ASTM provided a 
most suitable mechanism for this work. 
The subcommittee is now being organ- 
ized on a national scope. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 96 voting members; 76 mem- 
bers returned their ballots, of whom 71 
have voted affirmatively and 2 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
L. J. MARKWARDT, 


Chairman. 
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OF COMMITTEED8 


ON 


in BITUMINOUS WATERPROOFING AND ROOFING MATERIALS* 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held 
two meetings during the year: in At- 
lantic City, N. J., on June 18, 1957, 
and in St. Louis, Mo., on February 12, 
1958. 

The membership consists of 79 voting 
members, of whom 52 are classified as 
producers, 11 as consumers, and 16 as 
general interest members. 

The committee suffered loss through 
resignation of R. R. Thurston, of The 
Texas Company; C. R. Eckert, of the 
Ruberoid Co.; and R. E. Green, of 
Thwing-Albert Instrument Co. 

The committee has unanimously 
elected R. R. Thurston as an Honorary 
Member of the committee. 

A new subcommittee has been formed 
to develop standards on bituminized 
fiber pipe. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. R. Snoke. 

Vice-Chairman, M. R. Beasley. 

Secretary, G. W. Robbins. 

All the standards and tentatives for 
which the committee is responsible have 
been reviewed and recommendations 
concerning them are set forth in this 
report. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as_ tentative: 


* Sixty-first Annual Meeting of the Society. 


Tentative Methods of Sampling and 
Testing Felted and Woven Fabrics 
Saturated with Bituminous Sub- 
stances for Use in Waterproofing 
and Roofing (D 146 —- 56 T)?! 

Section 21—Delete the third sentence 
and replace with the following: “Dry 
the ashing sample to constant weight at 
221 +5F (105 +3C). Weigh to the 
nearest 0.01 g and ignite in a weighed 
porcelain or quartz dish or crucible until 
all carbon has been consumed.” 


Tentative Methods of Testing Asphalt- 
Base Emulsions for Use as Protective 
Coatings for Built-Up Roofs (D 1167 - 
51T)? 

Section 14.—Revise the first sentence 
to read as follows: ‘‘Use a 6 by 6-in. 
test panel of brass approximately 0.03 
in. thick with clean surfaces, free from 
oil, to which has been applied an emul- 
sion coat as in Section 11, and which has 
been dried for 24 hours in a horizontal 
position in a forced draft air circulation 
oven at a temperature of 140 + 5F.” 


Tentative Specification for Asphalt In- 
sulating Siding Surfaced with Mineral 
Granules (D 1226 52 

Table I—In column 3, decrease the 
minimum requirement for mineral matter 
passing a No. 100 Sieve from 40 to 35 
per cent. 


TENTATIVE REVISIONS OF STANDARDS 
The committee recommends tentative 


1 1956 Supplement to Book of ASTM Stand- 
ards, Part 3. 


21955 Book of ASTM Standards, Part 3. 
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revisions as indicated of the following 
standards: 


Standard Specifications for Asphalt 
Shingles Surfaced with Mineral Gran- 
ules (D 225 — 54):” 

Section 1(b)—In the tabulation of 
shingles, delete the references to types 
II and III in the line referring to hex- 
agonal tab strips and corresponding 
values in inches. 

Table I—After “Weight of exposed 
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In the line “Weight of weather side 
coating per 100 sq ft” change the mini- 
mum from “14.8” to “18.5.” Delete the 
maximum “32.4.” 

Change the value of ‘Percentage by 
weight of mineral matter passing No. 100 
(149-micron) sieve on the basis of the 
sum of the bitumen in the coatings and 
the mineral matter passing No. 100 
(149-micron) sieve” from “Maximum 
50 per cent” to “Maximum 55 per cent.” 


Type I Type II Type III 


Max, lb} Min, Ib|Max, lb |Min, lb |Max, lb] Min, Ib 


Weight of dry felt per 100 sq ft................ 
Gaturant of felt, par 
Weight of weather side coating per 100 sq ft..... 
Weight of mineral matter per 100 sq ft passing 
No. 6 (3360-micron) and retained on No. 100 
Percentage by weight of mineral matter passing 
No. 100 (149-micron) sieve on basis of the sum 
of the bitumen in the coatings and mineral 
matter passing No. 100 (149-micron) sieve... . . 
Mineral matter (including surfacing and stabi- 
lizer), per cent of total weight of finished 
Percentage of permissible ash in felt............ 
Weight of coating material on unexposed weather 
Weight of mineral matter passing No. 6 (3360- 
micron) sieve and retained on No. 100 (149-mi- 
cron) sieve on the unexposed weather side per 


66.6) 6.01 ... 


10 |... | 10 |... | 


_ @ This shall be calculated as follows: 


net weight of packages inspected 


Kite sq ft area 
tet Thick-butt portion only. 

© Exposed area only. 
area per 100 sq ft” revise to read as 
shown above: 


Standard Specification for Asphalt Roll 
Roofing Surfaced with Mineral Gran- 
ules (D 249 — 56):? 

Table I.—Add a new line as follows: 
“Maximum permissible ash in felt, 
per cent, .... 10.” 

Delete the line “Weight of saturant 
(soluble in CS.) per 100 sq ft, min 16.0 
Ib, together with Footnote a, and sub- 
stitute: “Saturation of felt, min, 160 
per cent.” 


° 


per shingle X number of shingles % 160. m 
i 


Standard Method of Test for Coarse 
Particles in Mixtures of Asphalt and 
Mineral Matter (D 313 - 41):? 


Section 6.—Add a new sentence to 
the definition of B following the equa- 
tion, to read as follows: “To be ob- 
tained by ASTM Method D 4 - 52.” 


ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following tentatives be approved for 
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reference to letter ballot of the Society 

for adoption as standard without re- 

vision: 

Tentative Specification for: 

Wide Selvage Asphalt Roll Roofing Surfaced 
with Mineral Granules (D 371 -55T). 

Tentative Methods of Testing: 


Asphalt Emulsions for Use as Protective Coat- 
ings for Metal (D 1010 —- 55T), and 

Asphalt Insulating Siding Surfaced with Min- 
eral Granules (D 1228 - 52T). 


Tentative Method of Test for: 


Staining Properties of Asphalts (Modified 
Pressure Method) (D 1328 —- 54T), and 

Contact Compatibility Between Asphaltic 
Materials (Oliensis Test) (D 1370-55T). 


Methods D 1010 are under joint 
jurisdiction with Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products, and accordingly this recom- 
mendation with respect to Methods 
D 1010 is subject to approval by Com- 
mittee D-1. 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions as indicated of the 
following standards be approved for 
reference to letter ballot of the Society 


for adoption as standard: Tent “rent 
Standard Specifications for: 


Asphalt Roll Roofing Surfaced with Powdered 
Talc or Mica (D 224-55) (Tentative Re- 
vision issued June, 1955), 

Asphalt Shingles Surfaced with Mineral Granules 
(D 225-54) (Tentative Revision issued 
June, 1954, modified June, 1955), and 

Asphalt Siding Surfaced with Mineral Granules 
(D 699-54) (Tentative Revision issued 
June, 1955). 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of Standard Specifications for 
Coal-Tar Pitch for Steep Built-Up Roofs 
(D 654-49). Materials meeting this 
specification are no longer available. 
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REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specifications for: 


Primer for Use with Asphalt in Dampproofing 
and Waterproofing (D 4i - 41), 

Creosote for Priming Coat with Coal-Tar 
Pitch in Dampproofing and Waterproofing 
(D 43 - 41), 

Bituminous Grout for Use in Waterproofing 
Above Ground Level (D 170 - 41), 

Bituminous Grout for Use in Waterproofing 
Below Ground Level (D 171 - 41), 

Woven Cotton Fabrics Saturated with Bi- 
tuminous Substances for Use in Water- 
proofing (D 173 — 44), 

Asphalt for Use in Constructing Built-Up 
Roof Coverings (D 312 - 44), 

Asphalt for Dampproofing and Waterproofing 
(D 449 - 49), 

Coal-Tar Pitch for Roofing, Dampproofing, 
and Waterproofing (D 450 - 41), 

Asphalt Mastic for Use in Waterproofing 
(D 491 - 41), 

Asphalt-Saturated and Coated Asbestos Felts 
for Use in Constructing Built-Up Roofs 
(D 655 — 47), and 

Sieve Analysis of Granular Mineral Surfacing 
for Asphalt Roofing and Shingles (D 1001 - 
51). 

Standard Methods of Test for: 

Steam Distillation of Bituminous Protective 
Coatings (D 255 - 28), 

Sieve Analysis of Granular Mineral Surfacing 
for Asphalt Roofing and Shingles (D 451 — 40), 
and 

Sieve Analysis of Nongranular Mineral Sur- 
facing for Asphalt Roofing and Shingles 
(D 452 - 40). 

Standard Methods of Testing: 

Bituminous Mastics, Grouts, and Like Mixtures 
(D 147 - 41), and 

Films Deposited from Bituminous Emulsions 
(D 466 42). 


Standard Volume Correction Table for: Kone 
Tar and Coal-Tar Pitch (D 633 — 44). ; 
Method D 633 is under joint juris- 


diction with Committee D-4 on Road 
and Paving Materials, and this recom- 
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mendation with respect to D 633 action 
is subject to approval by Committee D-4. 


TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Specification for: 

Asphalt-Base Emulsions for Use as Protective 
Coatings for Built-Up Roofs (D 1227 - 52T). 

Tentative Recommended Practice for: 

Accelerated Weathering Test of Bituminous 
Materials (D 529 - 39T). 

EDITORIAL CHANGES 

_ The committee recommends editorial 

changes as indicated in the following 

standards: 


Standard Specification for Asphalt- 
Saturated Asbestos Felts for Use in 
Waterproofing and in Constructing 

_ Built-Up Roofs (D 250 — 56) (Tentative 

Revision issued June, 1957):' 


Section 9—TIn the tabulation of re- 
quirements, under 30-lb type, change 
the value of minimum weight of satu- 
rated felt per 100 sq ft (exclusive of 
wrapping and packing material) from 
30 to 28. 


Standard Method of Test for Steam 
Distillation of Bituminous Protective 
Coatings (D 255 — 28):” 


Section. 2——Revise Paragraph (f) to 
read as follows: ‘(f) Receiver—Gradu- 
ated cylinders of uniform diameter 
having a capacity of 100 ml graduated 
in single ml.” 

Insert a new Paragraph (g) to read as 
follows: ‘“(g) Separatory funnel.—A 
graduated separatory funnel having a 
capacity of not less than 500 ml.” 

Renumber the present Paragraph (g) 
as (h). 


3 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Delete the present Paragraph (h). 

Section 3—In line 12 change the 
words “separatory funnel” to read 
“graduated cylinder.” In line 14 delete 
the comma after the word “condenser.” 

Replace the next to the last sentence 
with the following: “Combine the distil- 
lates in the separatory funnel and 
separate the recovered solvent from 
the water. Measure the volume of water- 
free solvent and retain it for further 
tests if required by the specifications.” 

Section 4—Change the words “The 
results shall be reported” to “Report 
the results.” 

Figure 1—Revise to show a 100-ml 
graduate instead of the separatory 
funnel. 


Standard Specification for Asphalt- 
Saturated and Coated Asbestos Felts 
for Use in Constructing Built-Up 
Roofs (D 655 —- 47) (Tentative Revi- 
sion isued June, 1957):? 


Section 9—In the tabulation of re- 
quirements, under 50-lb type, change 
the minimum weight of finished product 
per 100 sq ft (exclusive of wrapping and 
packing material) from 50 to 48. 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 79 members; 59 members 
returned their ballots, of whom 57 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
a H. R. SNoKE, 


>NO 

Chairman. 

G. W. Rossins, 
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ON 
ELECTRICAL INSULATING MATERIALS* 


Committee D-9 on Electrical Insulat- 
ing Materials held three meetings dur- 
ing the year: in Atlantic City, N. J., 
during the Annual Meeting of the 
Society; in Virginia Beach, Va., on 
November 18, 19, and 20, 1957; and in 
Pittsburgh, Pa., on February 26, 27, and 
28, 1958. 

Present membership comprises 220, of 
whom 103 are classified as producers, 76 
as consumers, and 41 as general interest 
members. Death of four members has 
been reported: V. B. Burgess, represen- 
tative of Philadelphia Electric Co., 
J. H. Carll, representative of Asheville 
Mica Co., J. J. Chapman, representative 
of Johns Hopkins University, and J. W. 
Deaderick, representative of American 
Lava Corp. 

During the year, new chairmen were 
appointed for Subcommittees V, VI, 
and XV. Subcommittee V has been 
completely reorganized, and an exten- 
sive review of specifications and methods 
in its jurisdiction is in progress. 

Committee D-9 continues to take 
part in the work of other groups in the 
field of electrical insulation through 
representation on the International Elec- 
trotechnical Commission (IEC), the 
International Standards Organization 
(ISO), and the American Institute of 
Electrical Engineers (AIEE). Also, sev- 
eral ASTM tentatives and standards 
have been recommended for adoption 
by the American Standards Association 
(ASA) as American Standards. Addi- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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tional discussion of these activities is 
contained in the Section on Activities of 
Subcommittees. Recommendations for 
adoption as American Standards will be 
found in the reports of Subcommittees 
I, III, VII, and XII. 

A symposium sponsored by Subcom- 
mittee XI was held during the meeting 
in Virginia Beach on the subject of 
“Application of Statistics to D-9 Test 
Methods and Specifications.” Other 
symposia are in prospect. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. K. Graves. 

Vice-Chairman, E. B. Snyder. : 

Recording Secretary, Thomas Hazen. 

Membership Secretary, J. R. Taylor. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS Vi 


Subsequent to the 1957 Annual Meet- 
ing, Committee D-9 presented the fol- 
lowing recommendations to the Society 
through the Administrative Committee 
on Standards: 


Tentative Specifications for: 
General Purpose Grade GPO-1 Polyester Glass- 
Mat Sheet Laminate (D 1532-58 T), 


Tentative Methods of Testing: 

By Visual] Examination of Used Electrical Oils 
in the Field (D 1524-58 T), 

Approximate Acidity of Used Electrical Insula- 
ting Oil of Petroleum Origin (D 1534-58 T), 

For Water in Insulating Liquids (Karl Fischer 
Method) (D 1533-58 T), and 

For Dielectric Constant and Dissipation Factor 
of Polyethylene by the Liquid Displacement 


Procedure (D 1531-58 T). 
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Revision of Tentative Specification for: 

Absorbent Laminating Paper for Electrical In- 
sulation (D 1080-54 T). 

Revision of Tentative Methods of Test for: 

High Voltage, Low Current Arc Resistance of 

Solid Electrical Insulating Materials (D 495 - 

56 T), 

Nonrigh Polyvinyl Tubing (D 876 58 T), 

Pressure-Sensitive Adhesive Coated Tapes Used 
for Electrical Insulation (D 1000 - 58 T), 

Hydrocarbon Waxes Used for Electrical In- 
sulation (D 1168 - 64T), 

Corrosive Sulfur in Electrical Insulating Oils 
(D 1275 - 53 T), and 

2,6 Ditertiary-Butyl Para-Cresol in 
Electrical Insulating Oils (D 1473 - 57 T). 

Revision of Tentative Recommended Practice for: 

Purchase of Uninhibited Mineral Oil for Use in 
Transformers and Oil Circuit Breakers 
(D 1040 - 64T). 

Tentative Revision of Standard Method of: 

Sampling Electrical Insulating Oils (D 923 - 49). 

Revision of Standard and Reversion to Tentative of 
Specifications for: 

Black Bias-Cut Varnished Cloth and Tape Used 
for Electrica] Insulation (D 373 - 55). 
Recommendations concerning D 1524 - 

 §8T, D876-58T, D 1000-58 T, and 
D 923 — 49 were accepted by the Stand- 
ards Committee on February 28, 1958. 
The remaining recommendations were 
accepted on June 18, 1958, with the excep- 
tion of D 373-55, which was accepted 

July 14, 1958. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for pub- 
lication three Suggested Methods; one 
new tentative; five adoptions of tenta- 
_ tives as standards without revision; one 
_ adoption of a tentative as standard with 
_ revisions; three adoptions of tentative 
- revisions as standard; one revision of 
standard for immediate adoption; one 
eal of standard; eight reap- 
_provals of standards; and one editorial 


New 


change. These recommendations are 
covered in the Appendix of this report.! 
1 See p. 352. 
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- 
The committee has reviewed all other 
tentatives under its jurisdiction which 
have been published for two or more 
years and recommends that they be 


continued in their present status until 
prospective revisions are made. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Insulating Var- 
nishes, Paints, and Lacquers (W. E. 
Harvey, chairman).—The subcommittee 
has recommended to IEC Committee 
TC15 that, for testing varnish under 
IEC/15 Standard Methods of Test for 
Dielectric Strength of Electrical Insulat- 
ing Materials at Commercial Power Fre- 
quencies (Revision 15 (Secretariat) 9) the 
top electrode shall be a 6-mm diame- 
ter cylinder with edges rounded to 0.075 
mm radius, gasketed, and weighing 50 
g; and that the bottom electrode shall 
be a metal plate. 

For measuring viscosity of varnish, 
the subcommittee favors and is consid- 
ering use of the Hoeppler viscosimeter 
in place of the MacMichael viscosimeter, 
now described in the Appendix to the 
Methods of Testing Varnishes Used for 
Electrical Insulation (D 115 - 55). 

Studies are in progress or are pro- 
posed on resistance of insulating var- 
nishes to Freon refrigerant gas; on 
mechanical measurement of gel time; 
on determination of cure time by helical 
coil; and on tests of varnish at high 
temperature. 

The subcommittee recommends ap- 
proval by ASA of Methods D 115-55 
and D 1346-57 as American Standard. 
Subcommittee IT on Effects of Nuclear 


2? The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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and High Energy Radiation (D. S. 
Ballantine, chairman).—This joint D-9 
and D-20 subcommittee has completed 
its first year of activity. Work of the 
subcommittee is organized into five sec- 
tions. Section A on Nomenclature and 
Definitions has made a preliminary sur- 
vey of preferences in terminology of 
units for expressing absorbed radiation 
dosage and is also compiling a glossary 
of nuclear terms. Sections B on Dosim- 
etry, C on Exposure Methods, D on 
Education, and E on Research are 
gathering information in their fields. In 
particular, Section D is sponsoring a 
series of lectures on nuclear subjects, the 
first of which was presented by D. J. 
Metz and covered different types of 
radiation, modes of interaction, rates of 
absorption, and so on. Section E is con- 
tacting members of Committees D-9 
and D-20 to determine cooperative 
interest in the use of equipment for 
fabrication of test specimens; the use of 
radiation facilities and physical testing 
equipment; and on questions of financ- 
ing studies. There is sufficient interest to 
guarantee a small initial research effort, 
but this must be of general interest to 
other members of Committees D-9 and 
D-20. 

At the present stage of nuclear devel- 
opment, Subcommittee II believes that 
the interests of the subcommittee and of 
its sponsoring committees would be best 
served by holding subcommittee meet- 
ings independently of the meetings of 
Committees D-9 and D-20. Therefore, 
the next meeting of the subcommittee 
will be on May 7, 8, and possibly 9, at 
the National Bureau of Standards in 
Washington, D. C. 

Subcommittee III on Plates, Tubes, 
Rods and Molded Materials (E. A. Rus- 
sell, chairman).—During -the year the 
subcommittee recommended approval of 
a new Tentative Specification for Gen- 
eral Purpose Grade GPO-1 Poly- 


ester Glass-Mat Sheet Laminate (D 
1532 —58 T) and revision of Methods D 
876 — 54 T. 

The subcommittee sponsors the rec- 
ommendations concerning Methods 
D 229-49, D617-44, D 634-44, 
D 651-48, D 668 — 52, and D 741 - 52, as 
set forth in the Appendix to this report. 
Methods D 634-44, D 668-52, and 
D 741-52 are recommended for ap- 
proval as American Standards. 

With regard to joint D-9 and D-20 
jurisdictions, the subcommittee received 
approval from the D-9 Advisory 
Committee to retain Specification D 710 - 
54 T under the sole jurisdiction of Com- 
mittee D-9; to transfer to sole juris- 
diction of Committee D-20 Specification 
D 700-55 T and Method D 785-51; 
and to continue joint D-9 and D-20 
jurisdiction over Methods D 619 — 54 T, 
and Specifications D 709 - 55 T and D 
1202 - 52 T. 

Other tentatives sponsored by the 
subcommittee will be continued in 
effect except that Methods of Testing 
Molded Materials Used for Electrical 
Insulation (D 48-54 T) may be elimi- 
nated by direct references to test meth- 
ods; no action was taken on Method of 
Measuring Shrinkage from Mold Di- 
mensions of Molded Materials (D 551 - 
41), because of possible replacement by 
the Method of Measuring Shrinkage 
from Mold Dimensions of Molded Plas- 
tics (D 955 - 51). 

A task force set up at the June 1957 
meeting has received from the Adminis- 
trative Committee on Research authori- 
zation to organize a cooperative re- 
search project on measurement of in- 
sulation resistance of laminated thermo- 
setting plastics, including metal surfaced 
plastics. The project will be a joint 
study of ASTM, NEMA, and possibly 
of other groups. An initial research ap- 
propriation of at least $1000 has been 
made available by the Administrative 
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Committee on Research, contingent on 
the extent of participation by other 
groups. 

Other activity of the subcommittee 
includes evaluation of round-robin data 
on surface resistance of copper-clad 
XXXP and epoxy glass laminates to 
establish recommendations on electrodes 
and methods of measurement; methods 
of testing heat resistance and thermal 
stability of rigid electrical insulation; 
addition to Methods D 619-54 T of a 
section on resistance to the electric arc 
of unvulcanized fiber sheets; and con- 
sideration of applications of statistical 
methods to subcommittee test data. 

Subcommittee IV on Liquid Insulation 
(F. M. Clark, chairman).—During the 
year the Administrative Committee on 
Standards accepted recommendations 
originating in the subcommittee on new 
Tentative Methods of Testing by Visual 
Examination of Used Electrical Oils in 
the Field (D 1524-58 T), for Approxi- 
-mate Acidity of Used Electrical Oils 
(D 1534-—58T), and for Water in In- 
sulating Liquids (Karl Fischer Method) 
(D 1533 —58 T);on revisions of the tenta- 
tative Recommended Practice D 1040 - 
54 T, and Tentative Methods D 1275 - 
53T and D 1473-57 T; on tentative 
revision of Standard Method D 923 — 49; 
on adoption of tentative as standard 
without revision Method D 1169 — 54 T; 
and on adoption of tentative as standard 
with revision Method D 117 - 54 T. 

The subcommittee developed the 
suggested method for measuring oxida- 
tion stability of transformer oils* and 
a new tentative method for determining 
peroxide content of insulating oils.* The 
subcommittee has also sponsored recom- 
mendations for immediate adoption of 
tentative revisions as standard in Meth- 


3? The suggested methods appear in a special 
reprint of the Annual Report of Committee D-9 
on Electrical Insulating Materials. 

4 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 9. 


ods D 924-49, and for reapproval of 
Standard Methods D 831 - 48, D 877 - 
49, and D 989-51. The subcommittee 
also authorized an editorial change in 
Methods D 1313 - 54. 

The subcommittee continues liaison 
with other technical groups in the field 
of electrical insulation. Currently active 
are cooperative work with AIEE com- 
mittees on joint AIEE-ASTM publica- 
tion of a Guide for Maintenance of 
Insulating Oil and on development of 
test specifications for cable impregnat- 
ing oils. 

Subcommittee V on Ceramic Products 
(A. H. Scott, chairman).—During the 
year A. H. Scott was appointed chair- 
man of the subcommittee. Under his di- 
rection a complete reorganization of 
activities has been undertaken. The 
subcommittee is sponsoring adoption of 
Tentative Methods D 1039-50 T as 
standard without revision; immediate 
adoption of revision of Specifications 
D 879-49 as standard and of a new 
standard based on ASA C-29 American 
Standard Test Methods for Electrical 
Power Insulators; and withdrawal of 
Standard Methods D 468-46 (contingent 
on acceptance of the ASA procedure) and 
D 550 — 44. The subcommittee has under 
consideration the revision and reversion 
to tentative of Specifications D 730 - 49. 

Subcommittee VI on Solid Filling and 
Treating Compounds (Thomas Hazen, 
chairman).—Mr. W. R. Dohan was 
succeeded as chairman during the year 
by Mr. Hazen. 

The subcommittee sponsored the re- 
vision of Methods D 1168-54T. The 
revision provides for use in Methods 
D 1168 of Method D 1321 for measuring 
penetration of wax in place of the pre- 
viously used Method D 5, and for neces- 
sary other changes. 

Subcommittee VII on Insulating Fab- 
rics (F. P. West, chairman).—During 
the year the Administrative Committee 
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on Standards has approved the follow- Other work in progress in the subcom- 
ing recommendations which originated mittee includes new round-robin tests to 
in the subcommittee: revision of Tenta- learn precision of methods of measuring 
tive Methods D 1000-58 T and revi- chlorine content, conductivity, and pH; 
sion and reversion to tentative of revision of the dry 60-cycle dissipation 
Specification D 373 - 55. factor test; new round-robin tests on 
The subcommittee originated two holes and felt hairs in capacitor tissue, 
Suggested Methods for Evaluation of and correlation with lacquering for 
Thermal Stability of Electrical Insulating metallizing paper; study of methods of 
Coated Fabrics by Curved Electrodes;* measuring thickness of capacitor tissue 
and recommended the adoption of Ten- when less than 1 mil; correlation of edge 
tative Methods D 295-55 T asstandard tear and folding endurance tests with 
without revision. taping performance of cable papers; 
The subcommittee also recommends study of oil-treated cable paper, pre- 
the approval by ASA as American liminary to writing specifications in 
Standards of Methods D 295-55 T, liaison with Subcommittee IV; and con- 
D 902 - 56, and Specifications D 1459- sideration of the applicability of statis- 
57 T. tical methods to subcommittee prob- 
Other activities of the subcommittee lems. A recommended practice for 
have comprised a decision to modify insulating paper is in preparation. 
Methods of Testing Varnished Glass Subcommittee IX on Mica Products 
Fabrics and Varnished Glass Fabric (K. G. Coutlee, chairman).—During the 
Tapes Used for Electrical Insulation year, work has been in progress on de- 
(D 902-56) to make the method velopment of the standard waviness test 
applicable to tests of polytetrafluoro- for mica, of interest to the U. S. General 
ethylene resin-coated glass fabrics; study Services Administration; and on tests 
of the effect of deliberate offset of the for bonded mica and mica paper. A 
two electrodes in Systems 3 and 4 of proposed test for mica paper is being 
IEC TC15/G1/UK/4; and a decision to subjected to round-robin trial. 
submit to subcommittee letter ballot a The subcommittee is cooperating with 
proposed tentative specification for black G.M.L. Sommerman, U. S. representa- 
or yellow straight cut oleoresin var- tive to IEC Working Group No. 1 of 
nished cloth and varnished cloth tape TC 15, by making electric strength 
used for electrical insulation, Issue No. measurements on mica. ASTM elec- 


4, 10/7/57. trodes and United Kingdom unequal 
Subcommitiee VIII on Insulating size electrodes are being used. 
Papers (H. A. Anderson, chairman).— During the year, the subcommittee 


During the year the Administrative transferred to sole jurisdiction of Com- 
Committee on Standards approved the mittee F-1 on Materials for Electron 
recommendation sponsored by the sub- Tubes and Semiconductor Devices, the 
committee on the revision of Tentative Methods for Measuring Mica Stampings 
Specification D 1080 — 54 T. Used in Electronic Devices and Incan- 
The subcommittee also sponsored a descent Lamps (D 652 - 51). 

recommendation that the method of Subcommittee X on Magnet Wire In- 
test for water soluble chlorides in paper, swlation (K. N. Mathes, chairman).— 
an Appendix to Specifications D 1305- The subcommittee, newly formed in the 
54 T, be transferred to Methods D 202- previous year, has under consideration 
55 T as an Appendix. a new specification for nylon insulated 
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wire, including a solderability test; and 
‘ wire for use at 130 C. Recommended for 
subcommittee letter ballot is a method 


for measuring frictional characteristics 
of enameled magnet wire used in field 
coils. Also in circulation are methods for 
_ measuring the mechanical properties, 
' cut through, and abrasion; and for 
measuring exposure compatibility, in 
terms of solvent and refrigerant ex- 
tractables, Refrigerant 22 blister test, 

and refrigerant aging test. 
Subcommittee XI on Nomenclature, 
_ Significance, and Statistics (C. L. Craig, 
chajrman).—The subcommittee has co- 
operated with other subcommittees on 
matters of mutual interest. It recom- 
: mended to Committee D-9 in concur- 
: rence with Subcommittee III the revi- 
sion of Methods D 876-54 T; and with 
Subcommittee VII the revision of 
Methods D 1000-57 T. To Subcom- 
mittee IV a recommendation was made 
for elimination from a revision of 
* Method of Measuring DBPC in New 

Insulating Oils (D1473-57T) of a 
proposed definition statement, and a 
slight modification of a proposed sig- 
nificance statement was suggested. 

During the year, the subcommittee 
sponsored a Symposium on Application 
- of Statistics to D-9 Standards and ob- 

tained approval of the Advisory Com- 
mittee to recommend publication as an 
Special Technical Publication. 

A glossary of terms of interest to D-9 
is in preparation, as is a compilation of 
a Statistical Practices Standard Ac- 
ceptance Plan. 

Subcommitiee XII on Electrical Tests 
(N. W. Edgerton, chairman).—The 
subcommittee sponsored the new Tenta- 
tive Method for Dielectric Constant and 
Dissipation Factor of Polyethylene 
under Liquid Displacement (D 1531 —- 
58 T); and revision of Tentative Method 
D 495 - 56 T. 

The subcommittee sponsors adoption 
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of Methods D 257-57 T as standard 
without revision. This method is also 
recommended for approval as an Ameri- 
can Standard by ASA. 

Subsequent to the 1957 Annual Meet- 
ing of the Society, three Suggested 
Methods sponsored by the subcommittee 
have been published in the 1957 Com- 
pilation of D-9 Specifications and Meth- 
ods: Appendix IV, Method for Corona 
Measurement; Appendix V, Test for 
Dust and Fog Tracking Resistance of 
Electrical Insulating Materials; and 
Appendix VI,  Liquid-Displacement 
Method for Dielectric Constant and 
Dissipation Factor of Polyethylene. As 
noted above, the procedure of Appendix 
VI has been advanced to tentative 
status. 

The subcommittee continues work 
with other groups. IEC (15) Secretariat 
15 on resistivity has been discussed, and 
recommendations were considered on 
use of formulas, instead of long descrip- 
tions, to specify conditioning procedures 
and testing conditions. 

The subcommittee has cooperated 
with the AIEE Committee on Special 
Apparatus and Auxiliary Apparatus 
and with the Subcommittee on Corona. 
An AIEE Recommended Guide for 
Making Dielectric Measurements in the 
Field, now published on a_ proposed 
basis, is expected to be submitted for 
final approval. 

Work is in progress in the sections on 
measurement of dielectric absorption 
and of very high resistances; on methods 
of designating conditioning and testing 
atmospheres; and on study of the elec- 
trostatic phenomena of insulating ma- 
terials. 

The subcommittee will sponsor a 
Symposium on Factors Affecting Dielec- 
tric Breakdown, to be held at the Fall 
1958 Meeting of D-9, and a Symposium 
on Electrostatic Phenomena has been 
planned for the Spring 1959 Meeting. 


Subcommittee XIV on Conditioning 
(G. M. Armstrong, chairman).—This 
joint D-9 and D-20 subcommittee 
sponsors adoption of tentative revisions 
of Methods D 618 — 54 as standard. 

Further revision of D 618-54 is in 
progress which will bring it into essential 
agreement with recommendations of the 
Atmospheric Testing Coordinating Or- 
ganization recently accepted by 
ISO/TC-61 and IEC/TC-15, and in- 
cluded in British and German stand- 
ards. 

Subcommittee XIV recommends that 
Committee D-9 join with Committee 
D-20 to transfer Specifications for En- 
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closures and Servicing Units for Tests 
Above and Below Room Temperature 
(D 1197 — 56) to Committee E-1. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 220 members; 96 members 
returned their ballots, of whom 80 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. K. Graves, 


Chairman. 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR EL EC rRICAL 
INSULATING MATERIALS 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering electrical insulating materials 
referred to earlier in this report. The 
standards and tentatives, excepting those 
adopted later, appear in the 1955 Book 
of Standards, Part 6. Subsequent adop- 
tions are to be found in the Committee 
D-9 compilations of specifications and 
methods of testing in 1956 and 1957. 


SUGGESTED METHODS TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 

lication as information only the following 

, three suggested methods as appended 
hereto: 


Suggested Method of Test for: 

Evaluation of Thermal Stability of Electrical 
Insulating Coated Fabrics by Curved Elec- 
trodes (Dielectric Prooftest Method), 

Evaluation of Thermal Stability-of Electrical 

_ Insulating Coated Fabrics by Curved Elec- 
trodes (Dielectric Breakdown Method), and 

Oxidation Characteristics of Mineral Trans- 
former Oil. 

The committee believes there is a 
need for tests of this type and that pub- 
_ lication as suggested methods makes it 
possible to get early test data, comments, 
and criticism, from which a decision to 
_ publish as a tentative method can be 
made at an earlier date than would 
otherwise be possible. 


TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of Test 
1The suggested methods appear in a special 


~ of the Annual Report of Committee D-9 
Electrical Insulating Materials. 


for Peroxide Number of Mineral In- 
sulating Oils, as appended hereto.’ 
This method provides a definite pro- 
cedure, not heretofore available, for 
measurement of peroxides which are 
sometimes found in oxidized mineral oils. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Methods of Test for: 

Electrical Resistance of Insulating Materials 
(D 257 - 57 T), 

Insulation Resistivity of Electrical Insulating 
Oils of Petroleum Origin (D 1169 - 54 T), and 

Corrosive Sulfur in Electrical Insulating Oils 
(D 1275 - 58 T). 

Tentative Methods of Testing: 

Varnished Cotton Fabrics and Varnished Cotton 
Fabric Tapes Used for Electrical Insulation 
(D 295 - 55 T), and 

Glass-Bonded Mica Used as Electrical Insula- 
tion (D 1039 - 50 T). 

ADOPTION OF TENTATIVE AS STANDARD 

WITH REVISION 


The committee recommends that the 
Tentative Methods of Testing Electrical 
Insulating Oils (D 117 — 54 T)* be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with revisions as indicated. 

Table I.—Delete the entire line en- 
titled “Steam Emulsion.” 

2 The new tentative appears in the 1958 Book 


of ASTM Standards, Part 9. 
31955 Book of ASTM Standards, Part 6. 
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Center Heading.—Delete the center 
heading “Steam Emulsion.” 

Sections 44, 45, and 46.—Delete these 
sections, renumbering the subsequent 
sections accordingly. 

These deletions and renumbering of 
sections are needed to take account of 
the withdrawal from the Book of Stand- 
ards of the Steam Emulsion Test (D 157). 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


_ The committee recommends that the 
tentative revisions as indicated of the 
following standards be approved for 
reference to letter ballot of the Society 
for adoption as standard: 


Methods of Testing Sheet and Plate 
Materials Used for Electrical Insula- 
tion (D 229 49):° 


Incorporate in the text of D 229-49 
the various revisions now appended to 
the method as Editorial Notes, omitting 
the tentative revision of Section 27, 
issued in June 1951. Renumber and re- 
title sections as needed. 


Methods of Conditioning Plastics and 
Electrical Insulating Materials for 
Testing (D 618 54):* 


Incorporate in the text of D 618-54 
the tentative revisions dated June 1956, 
and now appended as an Editorial Note. 
Renumber sections as needed. 


Standard Method of Test for Power 
Factor and Dielectric Constant of 
Electrical Insulating Oils of Petroleum 
Origin (D 924 — 49) 
Incorporate in the text of Method 

D 924-49 the tentative revisions now 

appended as an Editorial Note. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows 
of the Standard Specification for Com- 
munication and Signal Pin-Type Lime- 


Glass Insulation (D 879 - 49)? and 
accordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society. 

Section 3.—Replace with the following: 


3. (a) The thermal shock test shall consist of 
alternate immersions of the insulators in hot and 
cold water baths. The transfer may be by manual 
or machine method. 

(b) Testing Arrangement.—The insulators 
shall be mounted in a horizontal position on a 
rack or similar support so arranged that the in- 
sulators are not in contact with each other and 
that the air shall not be trapped during immer- 
sion. The rack design shall permit free circulation 
of water. Test specimens shall be at least 2 in. 
from the walls of the tank. At least four insu- 
lators of each type shall be tested at one time. 

(c) Water Baths —Each bath shall have a 
weight of water at least 10 times the weight of 
the insulators immersed. Either natural or forced 
circulation may be used to maintain the tempera- 
ture of all parts of the bath within the specified 
values stated below. The recorded temperature 
shall be measured at least 4 in. from the heating 
or cooling elements. 

(d) Method of Making Test.—The insulators 
shall first be immersed in a hot water bath for 
10 min, then they shall be withdrawn and im- 
mersed in a cold water bath for 10 min. For this 
hot to cold test, the temperature of the hot 
water bath shall be between 120 and 140 F (49 
and 60 C) and the temperature difference be- 
tween the hot and cold baths at the time of im- 
mersion shall be 70 + 2 F (39 +1(C). 

For the cold to hot test, the time of immersion 
shall be the same as in the hot to cold test, but 
the temperature of hot water bath shall be be- 
tween 150 and 170 F (66 to 77 C). The tempera- 
ture difference between the cold and hot baths 
at the time of immersion shall be 100 + 2 F 
(56 + 1 C). The transfer time between the two 
baths shall not exceed 15 sec. After the hot to 
cold and again after the cold to hot immersions, 
the insulators shall be checked for cracks, chips, 
and spalls. Tested insulators shall be discarded. 


Section 5(b).—Revise to read as fol- 
lows: 


(6) Screw Threads—The insulators shall have 
the standard screw threads to fit the wooden-pin 
gage or the CSC gage, as applicable. The dimen- 
sions and construction of these gages shall be as 
described in Figs. 2 and 3, respectively. The 
thread shall be smooth, of uniform pitch, and 
well-centered in the insulator. : 
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New Figures—Add two new figures, 
Fig. 2, Gage for Wooden-Pin Insulators, 
and Fig. 3, Gage for Carrier-Current 
Insulators (CSC). The new figures shall 
be the same as Figs. 2 and 3 of Methods 
D 468 — 46. 

Section 11,—Revise to read as follows: 

11. The specimen insulators shall be sub- 
jected to the stipulated thermal shock test 
(manual method or machine method) as de- 
scribed in Section 3. 

Section 18.—Revise the first sentence 
to read as follows: 

18. The other half of the sample lot shall be 


tested, for thermal shock in accordance with 
Section 3. 


WITHDRAWAL OF STANDARDS 
_ The committee recommends the with- 


drawal of the Standard Methods of Tes- 
ting Glass Spool Insulators (D 550 — 44).* 


REAPPROVAL OF STANDARDS 


_ The committee recommends the re- 
approval of the following standards 
“which have stood for six or more years 
without revision: 


ben 


Heme 


Report or Commirrer D-9 (APPENDIX) 


Methods of Test for: 


Punching Quality of Phenolic Laminated Sheets 
(D 617 — 44), 

Product Uniformity of Phenolic Laminated 
Sheets (D 634 - 44), 

Tensile Strength of Molded Electrical Insulating 
Materials (D 651 - 48), 

Gas Content of Insulating Oils (D 831 - 48), 

Dielectric Strength of Insulating Oil of Pe- 
troleum Origin (D 877 - 49), and 

Free Sulfur in Electrical Insulating Oils (D 989 — 
51). 


Methods of Measuring: 


Dimensions of Rigid Tubes Used for Electrical 
Insulation (D 668 — 52), and 

Dimensions of Rigid Rods Used for Electrical 
Insulation (D 741 — 52). 


EDITORIAL CHANGE 


The committee recommends an edi- 
torial change as follows in the Method 
of Test for Sludge Formation in Mineral 
Transformer Oil by High-Pressure Oxida- 
tion Bomb (D 1313 - 54):3 

Section 1(b).—Delete the last sentence 
which reads: “No data are available that 
correlate the results obtained with the 
commercial use of transformer oil.” 
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REPORT OF COMMITTEE D-10 


SHIPPING CONTAINERS* 


The last report of Committee D-10 on 
Shipping Containers was presented to 
the Society at the 1956 Annual Meeting. 
Since that time, the committee has held 
four meetings: on October 23 and 24, 
1956, in St. Louis, Mo.; on April 9 and 10, 
1957, in Chicago, Ill.; on October 30 
and 31, 1957, in Atlantic City, N. J.; 
and on May 26 and 27, 1958 in Stam- 
ford, Conn. 

Committee D-10 consists of 103 mem- 
bers, 34 of whom are classified as pro- 
ducers, 41 as consumers, and 28 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. G. Turk. 

Vice-Chairman, K. W. Kruger. 

Secretary, R. F. Uncles. 

Advisory Committee, R. E. Jones and 
A. V. Grundy. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee D-10 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Standard Method 
of Drop Test for Shipping Containers 
(D 775 — 47) be revised and reverted to 
tentative status. This recommendation 
was approved by the Standards Com- 
mittee on December 13, 1957, and the 
revised method appears in the 1957 


* Sixty-first Annual Meeting of the Society, 
June 22 to 27, 1958. 


55 


Supplement to Book of ASTM Stand- 
ards, Part 7. 


TENTATIVES CONTINUED WITHOUT _ 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Methods of: 

Vibration Test 
(D 999 - 48 T), 

Testing Pallets (D 1185 - 51 T), 

Test for Water Vapor Permeability of Packages 
by Cycle Method (D 1251-53 T), 

Test for Water Vapor Permeability of Shipping 
Containers by Cycle Method (D 1276 - 53T), 
and 

Test for Package Cushioning Material (D 1372 - 
55 T). 

Tentative Definitions of: 

Terms Relating to Shipping Containers (D 996- 
56T). 

Adoption as standard is not warranted 
for Methods D 1185, D 1251, D 1276, 
and D 1372 since their adequacy has 
not been established by field application. 
Methods D 1251 and D 1276 are sched- 
uled for review and possible revision by 
Subcommittee III. Methods D 996 and 
D 999 are under investigation by the 
committee. 


for Shipping Containers 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood without revision for 
six or more years: 


Standard Method of: 


Compression Test for Shipping Containers 
(D 642 — 47), 
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Incline Impact Test for Shipping Containers 
(D 880 - 50), 

Drop Test for Bags (D 959 — 50), 

Drop Test for Cylindrical] Shipping Containers 
(D 997 - 50), 

Test for Water Vapor Permeability of Packages 
(D 895 - 51), 

Test for Water Resistance of Containers by 
Spray Method (D 951-51), 

Test for Penetration of Liquids into Submerged 
Containers (D 998 - 51), and 

Test for Water Vapor Permeability of Shipping 
Containers (D 1008 - 51). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definition of Terms 
(C. S. Macnair, chairman) has con- 
tinued its resolution of groups of terms 
to be offered for inclusion in Tentative 
Definitions of Terms Relating to Ship- 
ping Containers (D 996 — 56 T). 

_ Subcommittee IIT on Methods of Testing 
(J. G. Turk, chairman), 

Subcommittee IV on Performance 
Standards (C. R. Gustafson, chairman), 
and 

Subcommittee V on Correlation of Tests 
(R. C. McKee, chairman).—These three 
subcommittees continue to function as a 
joint committee consisting of task 
groups, each investigating established 
test methods whose reproducibility has 
been questioned. A revision of the Test 
1 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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for Shipping Containers in Revolving 
Hexagonal Drum (D 782) will be pre- 
sented shortly for committee approval. 
The Vibration Test Task Group and 
Stacking Test Task Group are progress- 
ing in their assignments. A new task 
group has been organized to study the 
Incline Impact Test for Shipping Con- 
tainers. 


Subcommitiee III on Water Vapor Re- 
sistance (H. A. Bergstrom, chairman) 
has completed a revision of the Test for 
Water Vapor Permeability of Shipping 
Containers (D 1008) and will present the 
revision to Committee D-10 for approval. 
Other water vapor permeability test 
methods will be reviewed. 


Subcommiidee VI on Interior Packing 
(K. Q. Kellicutt, chairman) has pro- 
gressed in its investigations on resiliency, 
breakdown and dusting, dunnage, and 
reaction on finishes. The Dynamic Test- 
ing group will present a tentative pro- 
cedure at an early date. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 103 members; 100 members 
returned ballots, of whom 86 voted 
affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. FALKENAU, 
‘Chairman. 
ol! 
tele 


R. F. UNcCLEs, 
Secretary. 
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ON 
RUBBER AND RUBBER-LIKE MATERIALS* 


Committee D-11 on Rubber and 
Rubber-Like Materials and its sub- 
committees has continued its high level 
of activity during the year. Two meet- 
ings have been held: in Atlantic City, 
N. J., on June 19, 1957 and in St. Louis, 
Mo., on February 12, 1958. These meet- 
ings resulted in a number of new tenta- 
tives and revisions of tentatives. 

The committee sponsored a Sym- 
posium on Effect of Ozone on Rubber at 
St. Louis during ASTM Committee 
Week. This symposium will be published 
as a separate publication ASTM STP 
No. 229. 

The Advisory Committee, upon re- 
viewing the publication of the D-11 
Compilation of Standards, is recom- 
mending that after the 1958 revised com- 
pilation is published, a new compilation 
be issued every second year rather than 
yearly. In the intervening years all 
revisions and new tentatives will be 
made available through the Annual 
Report. 

The committee has continued to 
study the problem of the definitions for 
“rubber” and “rubber-like” in order to 
try to clarify the division of responsi- 
bility between Committee D-11 and 
Committee D-20 on Plastics. The re- 
sults of this study are being proposed as 
part of the Tentative Definitions of 
Terms Relating to Rubber and Rubber- 
Like Materials. 

Mr. W. A. Frye of the Inland Manu- 
facturing Division of General Motors 
Corp. has been appointed chairman of 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


Subcommittee XX VII on Tests of Resil- 
ience, replacing E. G. Kimmich who 
found it necessary to resign. Mr. G. W. 
Painter of the Lord Manufacturing 
Co. is the new secretary of this sub- 
committee. 

In view of the meeting of the ISO/TC 
45 committee in the United States in 
October 1959 it is not feasible for Com- 
mittee D-11 to participate in the 1959 
Pacific Area National Meeting in San 
Francisco. 

Plans for the meeting of the ISO 
Technical Committee 45 are progressing. 
The meeting will be held in New York 
City on October 26 to 31, 1959. 

Plans for the International Rubber 
Conference in which Committee D-11 
is cooperating are also progressing. The 
meeting will be held in Washington, 
D. C., the week of November 8, 1959. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1957 Annual 
Meeting, Committee D-11 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Methods for: 

Testing Melting Range of Chemicals (D 1519- 
58 T), 

Synthetic Rubber Heat and Moisture Resisting 
Insulation for Wire and Cable (D 1520 - 58 T), 

Synthetic Rubber, Performance Type, Moisture 
Resisting, Insulation for Wire and Cable 
(D 1521 -58 T). 


Revision of Tentative Methods of: 


Testing Rubber and Thermoplastic Insulated 
Wire and Cable (D 470-56 T), 
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Test for Indentation of Rubber by Means of the 
Durometer (D 676 - 55 T), 

Measuring Low Temperature Stiffening of Rub- 
ber and Rubber-Like Materials by the 
Gehman Torsional Apparatus (D 1053 - 
54 T), 

Test for Evaluating Low Temperature Char- 
acteristics of Rubber and Rubber-Like 
Materials by a Temperature Retraction 
Procedure (D 1329 - 54 T), and 

Chemical Analysis of Synthetic Elastomers 
(D 1416 - 56 T). 


Revision of Tentative Specifications and Methods 
of Test for: 

Latex Foam Rubbers (D 1055 - 56 T), and 

Sponge and Expanded Cellular Rubber Prod- 
ucts (D 1056 - 56 T). 

Revision of Tentative Specifications for: 


Elastomer Compounds for Automotive Applica- 
tions (D 735 -57 T), and 

Construction of Rubber Insulated Wire and 
Cable (D 1350 - 56 T). 


Revision of Recommended Practices for: 


Standard Test Temperature for Rubber and 

Rubber-Like Materials (D 1349 - 54 T), 
Nomenclature for Synthetic Elastomers and 

Latices (D 1418 - 56 T), 

Description of Types of Styrene-Butadiene 

Rubbers (SBR) (D 1419 - 56 T), and 
- Description of Types of Styrene-Butadiene 

(SBR) and Butadiene (BR) Latices (D 1420 - 

56 T). 

These recommendations were ac- 
cepted on February 28, 1958, with the 
exception of Methods D 1416 and D 
1418. The latter were accepted on March 
31, 1958. They appear in the 1958 Com- 
pilation of ASTM Standards on Rubber 
and Rubber-Like Materials. 

On April 16, 1958 the following 
recommendations were accepted by 
the Administrative Committee on Stand- 

ards and they appear in the Compila- 
tion of ASTM Standards on Rubber 


Rubber-like Materials: “TT a 
™ 
Tentative Methods for: 


Testing Carbon Blacks in Rubber (D 1522 - 


Revision of Tentative Specifications for: 
Now Metalic Gasket Materials for General 
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Automotive and Aeronautical Purposes (D 
1170 - 54 T). 


Revision of Tentative Recommended Practices for: 


Description of Types of Styrene-Butadiene 
Rubbers (SBR) (D 1419 - 56 T), and 

Description of Types of Styrene-Butadiene 
Rubber (SBR) and Butadiene Rubber (BR) 
Latices (D 1420 - 56 T). 


On April 25, 1958, the following 
recommendations were accepted by 
the Administrative Committee on Stand- 
ards, and appear in the Compilation 
of ASTM Standards on Rubber and 
Rubber-like Materials: 


New Tentative Specifications for: 


Synthetic Rubber Insulation for Wire and 
Cable for 90 C Operation (D 1523 - 58 T). 

Revision of Tentative Specifications for: 

Natural Rubber AO Insulation for Wire and 
Cable (D 27 — 54 T), 

Natural Rubber Performance Insulation for 
Wire and Cable (D 353 — 54 T), 

Natural Rubber Heat Resisting Insulation for 
Wire and Cable (D 469 — 54 T), 

Synthetic Rubber Heat Resisting Insulation for 
Wire and Cable (D 754 - 54 T), 

Synthetic Rubber Performance Insulation for 
Wire and Cable (D 755 - 54 T), and 

Construction of Rubber Insulated Wire and 
Cable (D 1350 - 57 T). et tenia 

The committee recommends for pub- 

lication as tentative the following as 

appended hereto:! 


New TENTATIVES 


Specifications and Methods of Test 
for Flexible Foams Made from Poly- 
mers or Copolymers of Vinyl Chloride 


These methods were prepared by the 
coordinating committee of SPI and 
have been reviewed by Subcommittee 
XXII, the SAE-ASTM Technical Com- 
mittee on Automotive Rubber, and the 
RMA Foam Latex Technical Commit- 
tee. They apply to cellular products 
containing interconnecting cells made of 


1The new and revised tentatives appear in 
the 1958 Book of ASTM Standards, Part 9. 
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a base material known as poly(vinyl 
chloride) or copolymers thereof. 


Specifications and Methods of Test for 
Flexible Urethane Foam 


These methods were prepared by the 
Coordinating Committee of the SPI, 
RMA Foam Latex Technical Commit- 
tee, Subcommittee XXII of Commit- 
tee D-11 and the SAE-ASTM Tech- 
nical Committee on Automotive Rubber. 


Definitions of Terms Relating to Rub- 
ber and Rubber-Like Materials 


In order to define the terms “rubber” 
and “rubber-like” as used in the title 
and scope of Committee D-11, a task 
group is recommending revisions in the 
ASTM Special Technical Publication 
No. 184, “Glossary of Terms Relating to 
Rubber and Rubber-Like Materials.” 
Subcommittee VIII reviewed these 
proposed revisions and has recom- 
mended that they be adopted not only 
for the Glossary but also as Tentative 
Definitions as appended hereto.! 

Subcommittee VIII also has reviewed 
the ISO/TC 45 definitions of a number 
of terms. It is recommended that they 
also be approved as revisions in the 
Glossary and also for inclusion in the 
above recommended practice for nomen- 
clature. 


REVISIONS OF TENTATIVES 
The committee recommends revisions 


as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Methods of Sample Prepa- 
ration for Physical Testing of Rubber 
Products (D 15 — 57 T):? 


Table II.—Add the following new 
SBR polymers to Table II as indicated: 


SBR 1551: Add to column under 2B and re- 
move the reference to 1551 from the 
Note. 


21957 Supplement to Book of ASTM Stand- 
ards, Part 6. 


SBR 1061: Add to column under 1B. 

SBR 1605: Add to column under 6B. ‘s 
SBR 1773: Add to column under 2B. 

SBR 1778: Add to column under 2B. ..7 


Tentative Methods of Testing Rubber- 
Coated Fabrics (D 751-57 T):° 


Section 14 (b)—Change to read as 
follows: 


(b) Diaphragm Bursting Tester.—Require- 
ments for a diaphragm bursting tester are out- 
lined below; however, any machine that operates 
on the same principle and has coaxial apertures 
of 1.23 + 0.02 in. in diameter in the clamping 
surfaces is a valid machine for this test. 

(1) The testing machine to be used may be 
either mechanically or manually operated. It 
shall permit the clamping of the material to 
be tested between two circular clamps not less 
than 3 in. in diameter having coaxial aper- 
tures of their centers 1.23 + 0.02 in. in diam- 
eter. The surfaces of the clamps between 
which the specimen is to be placed shall be 
concentrically grooved. The grooves shall 
be spaced not less than #z in. apart and of a 
depth not less than 0.006 in. The grooves 
shall not start closer than 0.125 in. from the 
edge of the aperture. The surfaces of the 
clamps shall be metallic and any edge which 
might cause a cutting action shall be rounded 
to a radius of not over #z in. The lower clamp 
shall be integral with the chamber in which 
a screw shall operate to force a liquid pressure 
medium at a uniform rate of 6.00 + 0.25 cu 
in. per min against a rubber diaphragm fitted 
to expand through the aperture exerting its 
force against the coated fabric set between 
the two clamps. (In the manually operated 
machine, this shall correspond to approxi- 
mately 120 rpm of a hand wheel turning the 
displacement screw.) 

(2) In the mechanically operated machine, 
means shall be provided for stopping, at the 
instant of the rupture of the specimen, any 
further application of the loading pressure, 
and for holding unchanged the contents of 
the pressure chamber until the gross burst- 
ing pressure and tare diaphragm pressure 
indicated on the gage have been recorded. 
The machine shall be fitted with a Bourdon 
tube gage maximum hand type having a dial 
4.5 in. in diameter, the scale divided to read 
in 0.5-lb units, with a range of from 0 to 100 
Ib. Accuracy shall be within plus or minus 
0.5 lb. When the gage is calibrated, it shall 
be mounted in the same relative position as 
on the bursting tester. If calibrated with a 
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dead-weight tester, the weights shall be spun 
slowly tc .nsure free action of the piston. 

Note.—A higher capacity gage may be 
used provided it meets the accuracy require- 
ments. 

(3) Provision shall be made for applying 
to the specimen, before clamping, a slight 
initial tension which shall be uniform in all 
directions. 


- 


Section 15.—In the first line, change 
“ten test specimens” to read “ten 
specimens.” 

Section 16 (b)—Change to read as 
follows: 


(b) When the diaphragm tester is used, the 
specimen shall be mounted between the ring 
clamp and the base surface with a uniform 
tension. The pressure shall be applied at a con- 
stant rate as prescribed in Section 14 (6) Item 
(1) until rupture occurs. The pounds pressure 
shall be recorded and then the upper clamp 
shall be completely released, allowing the tare 
of the diaphragm to register on the pressure 
gage. The bursting strength of the material 
shall be reported as the gross pounds per square 
inch minus the tare of the diaphragm in pounds 
per square inch. 


Section 17.—In the second line change 
the words “the coated fabric” to read 
“the material.” 


Tentative Specifications and Methods of 
Test for Latex Foam Rubbers (D 
1055 — 58 


Section 21.—In the first sentence after 
the words ‘“‘connected to a load-measur- 
ing device” insert the words, “by means 
of a ball-and-socket joint.” Also in the 
first sentence, change the wording from 
“can be deflected at a specified rate” 
to read “can be deflected at a rate of 
0.5 to 25.0 in. per min.” At the end of 
the Section add a Note to read: “Nore. 
—wWhen testing products with parallel 
top and bottom surfaces the ball-and- 
socket joint is not required.” 

_ Section 22——Change the last sentence 
from ‘The full thickness of the product 


‘ 3 Compilation of ASTM Standards on Rub- 
ber and Rubber-Like Materials, May, 1958. 
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shall be used” to read, “The thickness 
shall be no less than 3 in.” 

Section 23——At the end of Paragraph 
(a) add the words, “except where the 
contour makes this impractical.” 

Change the second sentence of Para- 
graph (6) to read, “The specimen shall 
then be compressed 25 per cent of this 
original height and the final load in 
pounds including the one pound preload 
observed approximately 5 sec after the 
foot has come to rest.” 

In the second sentence of Paragraph 
(c), change the word “product” to 
“specimen.” 


Tentative Method of Test for Evaluat- 
ing Pressure Sealing Properties of 
Rubber and Rubber-Like Materials 
(D 1081 — 49 T):4 
New Footnote—Add a new Footnote 

3 referenced to Section 2, Apparatus, 

to show a source of a seal aging jig, 

as follows: ‘“* A suitable seal aging jig 
meeting these requirements can be ob- 
tained from the Precision Scientific 

Co., 3737 W. Courtland Ave., Chicago 

47, Ill., Catalogue No. 15140.” 


Tentative Methods of Test for Harm- 
ful Dirt in Crude Natural Rubber 
(D 1278-53 


Revise as appended hereto.! 

These revised methods are based on 
the recommenced procedures of the 
ISO/TC 45 Committee on Rubber. 
They include sampling of the rubber 
and chemical analysis of the sample for 
volatile matter, dirt, ash, copper, man- 
ganese, iron, acetone extract, and rub- 
ber hydrocarbon. 


Tentative Methods for Chemical Analy- 
sis of Synthetic Elastomers (Solid 
Butadiene-Styrene Copolymers) (D 
1416 58 
New Method—Add the following 


41955 Book of ASTM Standards, Part 6. 
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Method for Determination of Mixed 
Alkylated Phenols (MAP) Content as 
Sections 62 through 69: 


DETERMINATION OF MIXED ALKYLATED PHENOLS 
(MAP) CoNnTENT 


Scope and Application 


62. (a) This method is an ultraviolet absorp- 
tion technique which is applicable to rubbers 
made with carbamate shortstop but not to oil- 
master-batch rubbers. Interference from carba- 
mate shortstop is reduced by using an ETA 
extract of the rubber rather than a complete 
solution of the rubber. The high absorbance of 
oil, at the wavelengths used in this method, 
masks the measurement of the mixed alkylated 
phenols absorption. 

(b) The difference between the basic and 
neutral absorbance at 301 my is proportional to 
the concentration of the mixed alkylated phenols. 
The neutral absorbance measurement is a back- 
ground correction for substances other than the 
active ingredients. 


Summary of Method 


63. Two aliquots of the ETA extract are 
taken; one is left neutral, the other is made 0.1 
N in base with alcoholic potassium hydroxide. 
The absorbance of both solutions is measured at 
301 my, compared to corresponding reference 
solutions. The difference between the basic and 
neutral absorptions is proportional to the con- 
centration of the mixed alkylated phenols. 


Apparatus 
64. (a) 


photometer." 
(b) Matched Quartz Absorption Cells, 1-cm. 
(c) Pipets, 5-ml. 
(d) Volumetric Flasks, 50-ml. 
(e) Analytical Balance. 


Ultraviolet Photoelectric Spectro- 


Reagents 


65. (a) Ethanol-Toluene-Azeolrope (ET A).— 
Refer to Section 27 (a). 

(6) Ethanol, anhydrous, Formula 2-B. 

(c) Potassium Hydroxide (0.5 N) in alcohol. 
Grind 14 g of potassium hydroxide with suc- 
cessive 50-ml portions of anhydrous ethanol 
until dissolution is complete. Dilute to 400 ml 
with anhydrous ethanol. Filter immediately 
into a dark bottle and keep tightly closed. Let 
this solution stand overnight before using. When 
it becomes noticeably discolored, it should be 
discarded. Storing in a nitrogen atmosphere will 
preserve the solution considerably. 


Preparation of Sample brs chai: 


66. Prepare the sample in accordance with 
Section 33. 


Determination of Absorptivity 


67. The spectrophotometric measurements 
shall be made the same day as the extraction is 
done. 

(a) Make a solution of 0.300 g of mixed 
alkylated phenols (MAP) in 1 liter of anhydrous 
ethanol (ethanol MAP solution). 

(6) Prepare the basic and neutral solutions in 
two separate 50-ml volumetric flasks as follows: 


ADD 
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Basic Solution 


5 ml ethanol-MAP solution 

5 ml ETA solvent 

10 ml 0.5 N potassium hydroxide 
35 ml ethanol 


Neutral Solution 


5 ml ethanol-MAP solution 
5 ml ETA solvent 
40 ml ethanol 


(c) Prepare the corresponding reference a. 


tions as follows: 
Basic Reference 
5 ml ETA solvent 
10 ml 0.5 N potassium hydroxide Udi (ar 
40 ml ethanol 


Neutral Reference 


5 ml ETA solvent 
45 ml ethanol 


(d) Measure the absorbance of each solution 
at 301 my, using the corresponding reference 
solution in the spectrophotometer reference cell 
in each case. Call the observed absorbance values 
Abasic Aneutral, respectively. Calculate the 
difference in absorptivity (Gbasic — @neutral) aS 
follows: 


(Abasic — A 
(Gtasic — neutral) = asic neutral 


(0.030) 

Where: 

Apasic = measured absorptivity of basic solu- 
tion, 

A yeutral = measured absorptivity of neutral 
solution, 

Gpasic = measured absorption of basic refer- 
ence solution, and 

Gneutral = measured absorption of neutral 


reference solution. 


Procedure 
68. (a) Extract 6 g of rubber with two 100-ml 
portions of ETA for 1 hr each in accordance with 
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Section 34 (a) and (6), including the final dilu- 
tion to 250 ml. 

(b) Prepare the basic and neutral solutions in 
two separate 50-ml volumetric flasks as follows: 


Basic Solution 


5 ml ETA extract ar i “A 
10 ml 0.5 N potassium hydroxide ; 
40 ml ethanol and) 


Neutral Solution 
5 ml ETA extract pew 
45 ml ethanol 

(c) Prepare the corresponding reference solu- 
tions as follows: A 


Basic Reference 


5 ml ETA solvent tos 
10 ml 0.5 N potassium hydroxide 
40 ml ethanol ia! 


Neutral Reference 


5 ml ETA solvent 
45 ml ethanol 


(d) Measure the absorbance of each solution 
at 301 my using the corresponding reference 
solution in the spectrophotometer reference cell 
in each case. Call the observed absorbance 
values A basic 2Nd A neutral, respectively. 


Calculation 13 


, 69. Calculate the percentage of mixed alkyl- 
ated phenols (MAP) content as follows: 


(A basic — A neutral) 100 
(2.4) (basic = @neutral) 


MAP, per cent = 


ADOPTION OF TENTATIVES AS STANDARD 
REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Specifications for: 


- Natural Rubber AO Insulation for Wire and 
Cable (D 27 - 58 T), 
Natural Rubber Performance Insulation for 
Wire and Cable (D 353 - 58 T), 
Natural Rubber Heat-Resisting Insulation for 
Wire and Cable (D 469 - 58 T), 
Natural Rubber Sheath for Wire and Cable 
(D532 -54T), 
_ Ozone-Resisting Insulation for Wire and Cable 
(D 574 - 54 T), 
_ Synthetic Rubber Insulation for Wire and Cable, 
75 C Operation (D 754 - 58 T), 
Synthetic Rubber Insulation for Wire and Cable, 
60 C Operation (D 755 - 58 T), and 
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GR-S Synthetic Rubber Sheath for Wire and 
Cable (D 866 — 54 T). 
Tentative Methods of: 


Test for Hardness of Rubber (D 314 —- 52 T), 

Test for Adhesion of Vulcanized Rubber to 
Metal (D 429 - 56 T), 

Test for Compression Fatigue of Vulcanized 
Rubber (D 623 — 52 T), and 

Testing Adhesives for Brake Lining and Other 
Friction Materials (D 1205 - 53 T). 


REVISIONS OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Method of Test for Young’s 
Modulus in Flexure of Natural and 
Synthetic Elastomers at Normal and 
Subnormal Temperatures (D 797 — 46):* 

Section 4.—In the fifth and seventh 
lines of Paragraph (a) change “70 F” 
to read “73 F.” 

In the last line of Paragraph (c) 
change “70 F” to read “73 F.” 

In the third line of Paragraph (d) 
change “—70 F” to read “—67 F.” 
In the seventh line change “+70 F” 
to read “+73 F.” 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the re- 
maining tentatives under its jurisdic- 
tion. All tentatives have been reviewed 
by the subcommittees and many are 
under consideration for revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee V on Insulated Wire 
and Cable (J. T. Blake, chairman) is 
continuing to work on specifications 
for silicone rubber insulation. It is also 
concerned with the standardization of 


5 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. ia 
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ovens for heat aging. It is cooperating 
with Subcommittee XV and Committee 
D-20 on this problem. 

Subcommittee VI on Packings (R. F. 
Anderson, chairman) is making progress 
in its consideration of tests for compres- 
sibility and recovery of gasket mate- 
rials. It is in close touch with work in 
progress by Section X-C, of SAE- 
ASTM Technical Committee on Auto- 
motive Rubber, on_ stress-relaxation 
and corrosion of gasketing materials. 

Subcommittee VIII on Nomenclature 
(R. G. Seaman, chairman) has initiated 
the Tentative Definitions for Elastomers 
referred to earlier in the report. It will 
continue to select terms from the Glos- 
sary for incorporation in this standard. 

Subcommittee IX on Insulating Tape 
(C. W. Pickells, chairman) has a task 
group working on the preparation of a 
moisture-resistance requirement for rub- 
ber tapes. 

Subcommittee X on Physical Testing 
(L. V. Cooper, chairman) is concerned 
with the problem of calibration of test- 
ing machines. After consultation with 
Committee E-1 on Methods of Testing, 
the chairman appointed two men to 
serve on Subcommittee I of Committee 
E-1 to find an answer to this problem. 

Subcommittee XI on Chemical Analy- 
sis of Rubber Products (W. P. Tyler, 
chairman) is continuing its work on 
analytical procedures including solubil- 
ity methods, copper determination, 
sulfur determination, improved methods 
for zinc determination, and a rapid re- 
flux extraction method. 

Subcommittee XII on Crude Natural 
Rubber (N. Bekkedahl, chairman), after 
recommending the adoption of various 
ISO TC/45 Methods for Crude Natural 
Rubber, is now studying rapid methods 
for the determination of deterioration 
of natural rubber. It is also concerned 
with the physical testing of natural 
rubber and the effect of different mill 
ratios on the resulting properties. In 
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this study it will cooperate with Sub- 
committee X on Physical Testing. 

Subcommittee XIII on Synthetic Elas- 
tomers (B. S. Garvey, Jr., chairman) 
has several task groups working on the 
problems of (1) sampling oil and black 
masterbatches, (2) method for deter- 
mination of oil content and total extract 
of SBR and oil masterbatches, (3) 
method for determination of antioxi- 
dant in oil masterbatch. A task group 
will also work with Subcommittee X on 
Physical Testing. 

Subcommitiee XIV on Abrasion Tests 
for Rubber Products (R. F. Tener, chair- 
man) is considering revision of Methods 
D 394 including a standard compound 
for heels and soles. 

Subcommittee XV on Life Tests for 
Rubber Products (G. C. Maassen, chair- 
man) is continuing its work on inter- 
laboratory testing for ozone resistance. 
Also, it is working with Subcommittee 
V and Committee D-20 on Plastics on 
the problems pertaining to aging ovens 
for highly plasticized rubber compounds 
and poly(vinyl chloride) compositions. 

Subcommittee XVII on Tests of Hard- 
ness, Set and Creep (S. R. Doner, chair- 
man) has problems concerning compres- 
sion set methods and low-temperature 
use of the durometer. 

Subcommittee XIX on Rubber and 
Rubber-Like Materials in Liquids (F. 
H. Fritz, chairman) is studying the ade- 
quacy of Method D 471 for test tempera- 
tures of 300 F. They are working closely 
with Section IV-H of the SAE-ASTM 
Technical Committee on the subject of 
test fluids representing new automotive 
fuels. 

Subcommittee XX on Adhesion Tests 
(H. H. Irvin, chairman) is continuing its 
investigations of the effect of environ- 
mental conditions on bond strength 
and on nondestructive and dynamic 
tests. 

Subcommittee XXI on Cements and 
Related Products (J. F. Anderson, chair- 
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man) is investigating methods for non- 
destructive tests for cement bonds. It 
is giving consideration to a disk shear 
test. The problem of a rubber-to-cord 
adhesion test will be studied. 

Subcommitiee XXII on Cellular Rub- 
bers (H. G. Bimmerman, chairman) 
has a problem concerning the variation 
in results with various indentation ma- 
chines for measuring the load-deflection 
characteristics of foamed latex. It is 
also reviewing the SPI methods for 
testing urethane and vinyl foams. 

Subcommittee XXIII on Hard Rub- 
ber (W. J. Dermody, chairman) has 
task forces working on impact methods 
and water absorption methods for hard 
rubber. 

Subcommittee XXIV on Coated Fabrics 
(K. L. Keene, chairman) is continuing 
its work on abrasion tests and improved 
methods for testing silicone-coated fab- 
rics for tensile strength. 

Subcommittee XXV on Low-Tempera- 
jure Tests (R. S. Havenhill, chairman) 
is making progress on the problem of 
determining the speed of the Scott 
solenoid impact arm using the ball- 
thrust method. This will lead to a re- 
vision of Method D 746. 

Subcommittee XXVI on Processibility 
Tests (R. H. Taylor, chairman) is con- 
tinuing its investigations leading to 
improvements in the two methods using 
the Mooney viscometer, D 927 —-55 T 
and D 1077 -55 T. 

Subcommittee XXVII on Resilience 
(W. A. Frye, chairman) is making a 
survey to determine the usage of the two 
tentatives for Yerzley Resilience, 
Method D 945 — 55 T, and Impact Resil- 
ience, Method D1054-55T. It is 
also considering the standardization of 
forced vibration testing machines 


_ Subcommittee XXVIII on Statistical 
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Quality Control (E. M. Bader, chairman) 
serves in a consulting capacity to all 
subcommittees. 

Subcommitice X X1X on Compounding 
Ingredients (A. E. Juve, chairman) con- 
tinues to work on new standard com- 
pounding materials. It is cooperating 
with Subcommittee XIII in reviewing 
standard testing formulas for SBR 
rubbers for incorporation in Methods 
D 15. Additional work is also being 
done on standard formulas for testing 
carbon black. 

The SAE-ASTM Technical Commit- 
tee on Automotive Rubber (C. P. Mullen, 
chairman) is actively engaged in the 
preparation of a revised format for the 
Specifications for Elastomer Compounds 
for Automotive Applications (D 735 - 
58 T). It is cooperating with several 
other organizations on this problem. 
In cooperation with Subcommittee XIX 
it is investigating the use of the higher 
aromatic gasolines for test fuels. 

ISO Technical Committee 45—The 
American Group, under the chairman- 
ship of R. D. Stiehler, is actively co- 
operating with the foreign members 
and will be directly responsible for par- 


ticipation in the 1959 meeting in New 
York. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 257 members; 178 members 
returned their ballots, of whom 156 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 

ot 

Joun J. ALLEN, 


S. 
Chairman. 
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Committee D-12 on Soaps and Other 
Detergents held one meeting during the 
year: on March 10 and 11, 1958, in 
New York City. Three papers were pre- 


sented at the meeting: “The Analysis of | 


Sodium Triphosphate by Reverse Flow 


Ion Exchange” by R. H. Kolloff; “The 


Determination of Alkyl Aryl Sulfonates 
by Ultraviolet Absorption” by E. W. 
Blank and W. E. Thompson; and an 
informal talk by H. W. Zussman which 
followed up last year’s talk on the evalu- 
ation of optical brightening agents, bring- 
ing the information up to date. 

A Committee D-12 Award has been 
established to honor those persons having 
performed outstandingly in the field of 
soaps and detergents. The first recipient 
was the honorary chairman of Committee 
D-12, Frederick W. Smither, who is a 
founding member of Committee D-12. 
Mr. Smither’s pioneering accomplish- 
ments and long-continued services to 
industry and the committee in the de- 
velopment and standardization of test 
methods were the basis for his award. 

The committee consists of 119 mem- 
bers, of whom 57 are classified as pro- 
ducers, 34 as consumers, and 28 as 
general interest members, with 4 con- 
sulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Honorary Chairman, F. W. Smither. 


Chairman, J. C. Harris. — 
Vice-Chairman, W. H. Koch. 
Secretary, H. R. Suter. tang ¢ 


* Sixty-first Annual Meeting of the Society, 


June 22-27, 1958. 
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Advisory Committee G-1, in addition 
to the officers already listed: M. F. 
Graham, R. E. Hauber, W. H. Joy, D. 
Price, A. M. Schwartz, and W. Stericker. 


Proposep METHODS TO BE 
_ PUBLISHED AS INFORMATION 

The committee recommends for pub- 
lication as information only the Method 
of Test for Sodium Alkylbenzene Sul- 
fonate in Synthetic Detergents By Ultra- 
violet Absorption, as appended hereto.' 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following meth- 


ods as appended hereto: 
ving: 
Method of Testing: 


Detergent Cleaners for Evaluation of Corrosive 
Effects on Certain Porcelain Enamels. 


Methods for: 


Sampling and Chemical Analysis of Alkylben- 
zene Sulfonates, 

Testing Detergent Alkylate, and 

Sampling and Chemical Analysis of Fatty Alkyl 


Sulfates. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


1The Proposed Method appears in the 1958 
Compilation of ASTM Standards on Soaps and 
Other Detergents. 

2 The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 10, and in the 1958 Compilation of 
ASTM Standards on Soaps and Other Deter- 
gents. 
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Tentative Definitions of Terms Relating 

to Soaps and Other Detergents (D 
459-57 T)2 Add the following new 
definitions: 


Artificially Soiled Cloth (sometimes called 
“Standard Soiled Cloth’”’).—Cloth soiled with 
one or more materials and used to evaluate 

the effectiveness of detergents or washing 

equipment. 

Chelating Agent.—A sequestering or complex- 
ing agent that, in aqueous solution, renders 
a metallic ion inactive through the formation 
of an inner ring structure with the ion. 

Complexing Agent.—See Sequestering Agent. 

Sequestering Agent.—Any compound that, in 
aqueous solution, combines with a metallic 
ion‘to form a water-soluble combination in 
which the ion is substantially inactive. 


Tentative Methods for Sampling and 
Analysis of Sodium Triphosphate (D 
501-56 T) :* Revise as appended hereto.” 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
"mediate adoption revisions as indicated 
of the following standards and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Methods of Sampling and 

_ Chemical Analysis of Soaps and Soap 
Products (D 460-54):° Revise as ap- 
pended hereto.’ 

Standard Methods of Sampling and 
Chemical Analysis of Alkaline Deter- 
gents (D 501--57):* Revise as appended 

hereto.” 

Standard Methods of Chemical Analysis 
of Industrial Metal Cleaning Composi- 
tions (D 800-45): Revise as appended 
hereto.” 


41957 Supplement to 
Standards, Part 7. 
*1956 Supplement 
Standards, Part 7. 
51955 Book of ASTM Standards, Part 7. 


Book of ASTM 
to Book of ASTM 
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Standard Methods of Chemical Analysis 
of Soaps Containing Synthetic Deter- 
gents (D 820-46):° Revise as appended 
hereto. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 


Standard Specifications for: past 

Caustic Soda (Anhydrous) (D 456 — 39), 

Modified Soda  (Sesquicarbonate Type) 
(D 457 — 39), 


Chip Soap (D 496 - 51), 

Ordinary Laundry Bar Soap (D 497 — 52), 

Powdered Soap (Nonalkaline Soap Powder) 
(D 498 - 51), 

White Floating Toilet Soap (D 499 — 48), 

Built Soap, Powdered (D 533 — 44), rT 

Alkaline Soap Powder (D 534 — 42), beckiei 

Palm Oil Solid Soap (D 535 - 52), wheal 

Palm Oil Chip Soap (D 536 - 52), 

Olive Oil Solid Soap (D592-42), 

Salt-Water Soap (D 593 42), 

Sodium Sesquisilicate (D594-41), 

Tetrasodium Pyrophosphate (Anhydrous) 
(D 595 — 45), 

Olive Oil Chip Soap (D 630 - 42), 

Compound Chip Soap (with Rosin) (D 690 - 48), 

Compound Powdered Soap (Granulated, with 
Rosin) (D 691 — 44), 

Liquid Toilet Soap (D 799 - 51), 

Sodium Bicarbonate (D 928 - 52), and 

Borax (D 929 — 50). 


Standard Method of: 


Total Immersion Corrosion Test of Water- 
Soluble Cleaners (D 930 — 49), and 

Test for Particle Size of Soaps and Other De- 
tergents (D 502 — 39). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Specifications for Olive Oil 
Solid Soap (D 592-42):° 


Table I—Add a reference to Footnote 
b under type B in the line “Titer of 
mixed fatty acids prepared from the 
soap.” 
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Standard Specifications for Olive Oil 
_ Chip Soap (D 630-42): 


_ Table I—Add a reference to footnote b 
as indicated above for Specifications 
D 592. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee T-2 on Analysis of Soaps 
and Synthetic Detergents (J. C. Harris, 
chairman): 

Task Group 3 on Bibliographical Ab- 
stracts of Analytical Methods for Surfac- 
tants (J. C. Harris, chairman). Copy for 
Special Technical Publication No. 150-B 
(1933-1957) has been completed. 

Task Group 8 on Determination of 
Carboxymethyl Cellulose (J. L. Darragh, 
chairman).—A procedure has been sub- 
jected to cooperative analysis. Lack of 
agreement between laboratories indi- 
cated the need for improvement, and this 
is contemplated for the coming year. 

Task Group 10 on Sulfate Content in 
Presence of Phosphate (H. C. Bennett, 
chairman).—In addition to the action on 
Methods D 460-54, the task group will 
continue its investigation of a yet more 
improved procedure. 

Task Group 11 on Determination of 
Active Ingredient by Ultraviolet Absorp- 
tion (E. W. Blank, chairman).—In addi- 
tion to the development of the proposed 
method referred to earlier in the report, 
the data developed in support of the 
procedure will be drawn up for publica- 
tion purposes to give it wider recognition. 

Task Group 14 on Rapid Determination 
of Moisture by Infrared Lamp (O. L. 
Sherburne, chairman).— Cooperative 
work has resulted in a test method to be 
subjected to cooperative testing. 

® The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Task Group 15 on Determination of 
Active Ingredient in Soaps Containing 
Synthetic Detergents by Cationic Titration 
(L. E. Weeks, chairman).—Cooperative 
work has resulted in agreement on a pro- 
cedure, but satisfactory characterization 
of an anionic standard detergent sample 
is needed. Plans are made to isolate the 
standard in a highly purified condition 
for determination of combining weight. 

Task Group 20 on Total Active Ingre- 
dient (C. A. Cohen, chairman).—Coop- 
erative analyses by ten laboratories 
testing a new procedure gave good 
reproducibility except for combining 
weight. This procedure will be corrected 
and new samples evaluated. 

Task Group 21 on Detergent Alkylate 
(J. C. Harris, chairman).—In addition 
to the action on the characterization cf 
detergent alkylate, subgroups submit 
the following reports: 

Sub-Group B on Molecular Weight 
(C. A. Cohen, chairman).—A set of 
standard samples is now available for 
determination of molecular weight by a 
refractivity intercept method. Coopera- 
tive tests of the procedure will be car- 
ried on. 

Sub-Group C on Acid Wash Color 
(R. C. Stillman, chairman).—Using 
Method D 848-47, it was found that 
results varied widely. Test conditions 
will be made more precise and coopera- 
tive effort continued. 

Sub-Group D on Standard Sulfonation 
Procedure and Analysis of Product (C. A. 
Cohen, chairman).—A new flask design 
has been completed, and cooperative 
effort is anticipated by this fall. 

Subcommittee T-4 on Analysis of Inor- 
ganic Alkaline Detergents (M. V. Trexler, 
temporary chairman).—The task group 
headed by M. V. Trexler and charged 
with the comparison of the ion exchange 
method for identification and analysis of 
sodium triphosphate analyzed statisti- 
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the “cobalt” and “paper chromato- 
graphic” methods. These data showed 
the latter method to be the most precise 
and accurate of the three. 

A new task group with C. H. Russell 
as chairman was established to evaluate a 
newly described reverse-flow ion-ex- 
change technique. 

Subcommittee T-5 on Physical Testing 
(M. G. Kramer, chairman).—The activi- 
ties of the several task groups follow: 

Task Group 1 on Measurement of Soil 
Redeposition (A. R. Martin, chairman). 
—Data from the cooperative testing pro- 
gram have been compiled and analyzed 
statistically. A report is in process of 
review. 

Task Group 2 on Measurement of 
Wetting Power (C. A. Gerardi, chairman). 
—Another survey is to be undertaken to 
determine which of existing methods 
should be studied. 

Task Group 3 on Measurement of Re- 
flectance of Test Fabrics (R. L. Liss, 
chairman).—Results of the earlier tests 
are being compiled and will be studied 
for guidance to future action. 

Task Group 5 on Method for Evaluating 
Brightening Agents (M. S. Furry, chair- 
man).—Reorganization of the group will 
be made in an attempt to develop meth- 
ods for application and evaluation. 

Task Group 8 on Methods for Evalua- 
tion of Rug Cleaning Detergents (J. W. 
Rice, chairman).—A recently built soil- 
ing machine will be used to furnish rug 
samples for use in the evaluation method. 

Task Group 9 on Methods for Deter- 
mining the Cloud Point of Surfactants 
(R. L. Mayhew, chairman).—Existing 
methods will be collected for use in 
designing a procedure for cooperative 
laboratory evaluation. 

Task Group 10 on Methods for Evalu- 
ating Detergents in Dishwashing (E. V. 
Plock, chairman).—A survey of the 
membership of Subcommittee T-5 re- 
sulted in the information that five areas 
of testing should be considered: Deter- 
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gency, corrosion of metals, chemical 
attack and staining of dishes, foaming, 
and shelf life. Test methods will be ac- 
cumulated. 

Task Group I1 on Studies of Primary 
Soil Deposition (A. M. Schwartz, chair- 
man).—An annotated bibliography has 
been started which should be completed 
within the coming year. 

Subcommittee T-6 on Analysis of Metal 
Cleaners (H. A. Kafarski, chairman): 

Task Group A (R. O. Kageff, chair- 
man).—The scope of action of the group 
was revised to include methods and 
typical materials for cleaning aluminum 
trim. 

Task Group B on Metal Cleaners— 
Industrial Power Spray Washers (H. A. 
Kafarski, chairman).—Shop and labora- 
tory methods are to be investigated for 
effectiveness and application of cleaning 
compositions. 

Subcommitlee S-2 on Specifications for 
Soaps and Synthetic Detergents (W. H. 
Joy, chairman)—A task group with 
R. L. Liss as chairman has been estab- 
lished to develop specifications for syn- 
thetic detergents along the lines of 
Federal Specifications now existent. 

Subcommittee S-4 on Specifications for 
Inorganic Alkaline Detergents (W. Ster- 
icker, chairman).—An additional grade 
of soda ash is to be added to Specifica- 
tions D 458 during the coming year. 
Preliminary limits for sodium triphos- 
phate were discussed and are to be 
drawn up in specification form. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 119 members; 48 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, aa 
C. Harris, 


Chairman. 
we 


H. R. Suter, 


Secretary. 
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Committee D-13 on Textile Materials 
held two general meetings during the 
year: in New York City, N. Y., on Octo- 
ber 15 to 18, 1957, and in Washington, 
D. C., on March 18 to 21, 1958. Numer- 
ous subcommittees met in conjunction 
with the main committee, and the prac- 
tice of devoting an extra day to task 
group meetings was continued. 

During the general session at the Octo- 
ber meeting, three papers dealing with 
the subject of textile fiber test methods 
and standards developed by Committee 
D-13 were presented by Dorothy Patt, 
American Cyanamid Co.; William Pois- 
son, Allied Chemical and Dye Corp.; 
and George Wham, Good Housekeeping 
Inst. 

At the March meeting, the Harold 
DeWitt Smith Memorial Medal for 
1958 was presented to Stephen J. 
Kennedy, Research Director, Textile, 
Clothing and Footwear Division, Head- 
quarters, Quartermaster Research and 
Development Center, U. S. Army, Na- 
tick, Mass. The citation on the Scroll pre- 


sented to Mr. Kennedy reads as follows: 


To 
Stephen Jay Kennedy 


In recognition of his long and outstanding 
service to the Army and to the country through 
the improvement of textile materials; his re- 
sourcefulness in initiating and guiding a broad 
program of research that led to the development 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 
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of textiles to meet world-wide environmental re- 
quirements for military uses; and his success in 
enlisting the cooperation of scientists and in- 
dustry in the design and development of clothing, 
footwear, and shelter, which increased the com- 
fort and protection of the American soldier and 
which resulted in materially improved military 
efficiency, increased savings to the government, 
and lasting benefit to the civilian economy. 


During the year a survey of test 
methods and standards sponsored by 
Committee D-13 was made, as a result 
of which consideration is being given to 
substituting reference citations for some 
of the standards that are not frequently 
used. 

The committee approved enlarging 
the scope of Subcommittee B-6 which 
henceforth will be known as the “Coor- 
dinating Committee for ISO and Foreign 
Standards.” During the year the chair- 
man of this committee, A. G. Scroggie, 
has continued to work with ASA Com- 
mittee L-23 in conjunction with inter- 
national standardization of textile test 
methods. 

The following appointments have been 
made during the year: Burt Johnson, 
chairman of Subcommittee A-1 on Cot- 
ton Fibers, to replace G. S. Buck, Jr. 
(resigned); Lyman Fourt, formerly chair- 
man of Subcommittee B-9 on Fabric 
Test Methods, General, to be chairman 
of Subcommittee B-1 on Chemical and 
Performance Test Methods to replace 
M. S. Staples (resigned); N. J. Abbott, 


chairman of Subcommittee B-9 on Fab- 
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ric Test Methods, General, to replace 
Lyman Fourt; D. M. Scott, chairman 
of Subcommittee C-3 on Membership, 
to replace G. E. Hopkins (resigned); 
E. N. Ditton, chairman of Subcommit- 
tee B-3 on Atmospheric Conditions 
and Regain, to replace D. H. Spitzli 
(resigned); J. T. Taylor, chairman of 
Subcommittee A-10 on Non-Woven 
Fabrics, Section II, to replace J. K. 
Sumner; and T. L. Rusk, Secretary of 
Subcommittee B-2 on Nomenclature 
and Definitions, to replace Robert 
Graham. 

The officers elected for the ensuing 
= of two years are as follows: 

Casirman, B. L. Whittier. 
4 ‘First Vice-Chairman, A. G. Scroggie. 


Second Vice-Chairman, Ruby K. 
Worner. 
Secretary, H. A. Ehrman. 
‘ 
RECOMMENDATIONS AFFECTING 


STANDARDS 


The committee is presenting for pub- 
lication 1 proposed method as informa- 
tion, 8 new tentatives, the revision of 5 
tentatives, the immediate adoption as 
standard of revisions of 14 standards, 

1 See p. 371. 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


to 
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the revision and reversion to tentative of 
2 standards, the adoption of 10 tenta- 
tives as standard, the withdrawal of 
9 standards, and the tentative revision 
of one standard. 

The standards and tentatives affected, 


together with the revisions recom- 
mended, are listed in detail in the Ap- 
pendix.' 


All other standards and tentatives 
not specifically referred to are being 
studied by the respective subcommittees 
and it is recommended that they be 
continued in their present status. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 378 voting members; 145 
members returned their ballots, of whom 
135 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
B. L. WHITTIER, 
Chairman. 
H. A. EHRMAN, 
Secretary. 
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In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials. These 
standards and tentatives appear in 
their present form in the 1955 Book of 
ASTM Standards, Part 7, or in the 
1956 and 1957 Supplements, Part 7. 


PROPOSED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information only the Proposed 
| Method of Test for Dimensional Change 
of Knitted Fabrics in Laundering and 
Dimensional Restorability of the Laun- 
) dered Fabric, appended hereto.' 


New TENTATIVES 


f The committee recommends for pub- 
lication as tentative the following 
methods as appended hereto: 


Methods of Test for: 


Industrial Asbestos Tapes 
Heat Aging of Asbestos Textiles 
Woven Asbestos Cloth 
Linear Density of Textile Fibers by the Vibro- 
scope 
Moisture in Wool by Oven Drying 
0 Extractable Matter in Oven Dried Wool 
- Fiber Length of Wool 
Breaking Strength of Yarn by Skein Method 


REVISION OF TENTATIVES 
The committee recommends revisions 


1 The proposed method of test appears in the 
1958 Compilation of ASTM Standards on Tex- 
tile Materials. 

2? The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 10. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR TEXTILE 
MATERIALS 


as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Method and Tolerances for 
Yarn Containing Wool (D1285 - 
56 T): 


Section 10(b).—Change the tolerances 
for yarn number of worsted yarn to 
read as follows: 


iris 
= Yarn Number 
Tolerances 
Single yarn, coarser than No. 23.. +4.5 
Single yarn, No. 23 and finer..... +4.0 
Plied yarn, all numbers......... +5.5 


The new tolerances have been ob- 
tained by using a 95 per cent level of 
probability quoted elsewhere in the 
standard, in lieu of a 99.7 per cent level 
of probability. 


‘ Tentative Methods of Test for Twist in 


Single Spun Yarns (Untwist-Twist 
Method) (D 1422 - 56 T): 


Section 6.—Change to read as follows: 


6. (a) Number of Tests—Unless otherwise 
agreed upon, the number of test specimens shall 
be such as to give a precision of the mean of the 
test results of +5 per cent at a probability level 
of 95 per cent: 


n = 0.154 V? 
n = number of test specimens, and 
V = coefficient of variation of individual test 
results determined from extensive past 
records on similar yarns. 


where: 


(b) If V is not known, 20 tests (2 from each 
of 10 bobbins) shall be performed when the 
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specimen length is 10 in., and 30 tests (3 from 
each of 10 bobbins) when the specimen length 
is 5 in. These numbers of tests have been cal- 
culated to give the required precision of +5 
per cent for V = 11.5 per cent (10 in. speci- 
mens), or V = 14.0 per cent (5-in. specimens). 

Norte 3.—The values assumed for V in this 
section are somewhat higher than are likely to 
be encountered in practice. Therefore the for- 
mula in Paragraph (a) will in most cases give a 
lower number of tests than are specified in 
Paragraph (6). To use the formula in Paragraph 
(a), the V applying to the yarn under test must 
be known. 


Tentative Recommended Practice for 
_ Designation of Yarn Construction (D 
7 1244 — 57 T): 


Revise as appended hereto:* 


Tentative Method of Test for Twist in 
_ Single Spun Yarns (Direct-Counting 
Method) (D 1423 - 56 T): 


Revise as appended hereto. 


Methods of Testing and Tolerances for 
Rayon Tire Cord (D 885 — 56 T): 


Replace these methods by the Pro- 
posed Methods of Testing and Toler- 
ances for Tire Cords from Man-Made 
Fibers published as information since 
November, 1956, revised as follows: 


Section 9.—Change to read as follows: 


9. Elongation.—The average percentage of 
elongation of the cord shall not vary by more 
than the amount shown in the following table 
of the specified elongation: 


At 10 Ib At Break 


Rayon..... +20 percent +15 per cent 
Nylon and 
‘Polyester. +10 percent +10 per cent 


Section 17(b).—Change to read as 
follows: 


(b) Calculation.—The linear density shall be 
expressed in denier or tex units as calculated 
from one of the following formulas: 


3See compilation of ASTM Standards on 
Textile Materials, Appendix X, p. 737 (No- 


7 


Denier at a commercial moisture regain = 
9000 D X K 
L 


Tex at a commercial moisture regain = 
1000 D x K 


L 


Denier at actual moisture regain = —* 
1000 C 


Tex at actual moisture regain = I 


where: 

oven-dry weight of specimen in grams, 
conditioned weight of specimen in grams, 
length of specimen in meters (or yards 
X 1.09), and 
K = factor for commercial regain. 

Section 18.—Change the last sentence 
of Paragraph (a) to read as follows: “A 
tension device or weight shall be pro- 
vided which will apply an actual pre- 
tension of 3 to 6 oz (85 to 170 g) to the 
specimen in the test area. 

Change Paragraph (6) to read as 
follows: 

(b) Procedure.—Remove the specimen from 
the sample and handle in such a manner that 
no change in twist can occur prior to closing the 
jaws of the clamps on the testing machine. 
Place the specimen between the jaws of the two 
clamps, close one of the clamps, and apply a 
pre-tension load to the unclamped end which 
will result in the specified tension in the test 
area. Then close the clamp and break the speci- 
men. Read the breaking strength in pounds or 
kilograms from the chart. Discard specimens 
which break in the jaws or within } in. of the 
nips of the jaws. 

Norte 1.—The actual pre-tension in the test 
area is commonly different than that amount 
applied externally by a tension device or weight 
due to friction losses in the clamp. 

Note 2.—The actual pre-tension can be 
measured by the use of strain gages. Other 
tension measuring instruments with sufiicient 
accuracy can be used, provided the specimen is 
threaded through the instrument prior to being 
placed in the second clamp. This is necessary 
as many instruments require appreciable dis- 
placement of the specimen. The actual tension 
shall be measured with the jaws closed. 

Norte 3.—The specified tension shall be used 
in all cases involving arbitration of test data. 
If a testing laboratory is not equipped to meas- 
ure the actual tension an approximation can be 
obtained by attaching a 6-oz load to the un- 
clamped cord prior to closing the second clamp. 
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REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends revisions 


as indicated of the following standards 
and their reversion to tentative: 


Standard Specification and Methods of 
Test for Asbestos Tape for Electrical 
Purposes (D 315 — 52): 


Recommended Practice for Designation 
of Linear Density of Fibers, Yarns, 


Revise as appended hereto.” 


versal Units (D 861 — 52): 
Revise as appended hereto.” 


and Other Textile Materials in Uni- 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 


vision: 
Tentative Methods of Test for: 

wh 


Fineness of Wool (D 419-55 T), 

Fiber Length of Wool Top (D519-55T), 

Tensile Strength of Wool Fiber Bundles (D 
1294 56 T), 

Wool Content of Raw Wool (Commercial Scale) 
(D 1334-54T). This is subject to the re- 
vision recommended in Method D 1060. 

Determination of Build-up and Spread of Glass 
Yarn as Wrap (Serving) or Braid over Elec- 
trical Conductors) (D 1332-54T), and 

Determining Specific Area of Immature Ratio 
of Cotton Fibers (Arealometer Method) 
(D 1449 - 55 T). 


Recommended Practice for: 

Interlaboratory Testing of Textile Materials 
(D 990 - 54T), 

Tolerances for 
1235 52 T), 

Tolerances for Filament Nylon Yarns (D 
1236 — 52 T), and 

Tolerances for Filament Rayon Yarns (D 
1237 -52T). 


Filament Acetate Yarns (D 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 


of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Method of Core Sampling of Raw Wool 
in Packages for Determination of 
Percentage of Clean Wool Fiber 
Present (D 1060 — 56): 


Section 1.—Renumber the present 
Section 1 as “1 (a)” and add a new 
Paragraph (6) to read as follows: 


(b) This method also provides a procedure 
for calculating the size of sample required for a 
desired precision when certain statistical data 
pertaining to the lot under consideration are 
available. 


Section 2(a).—Add to the end of the 
first sentence: ‘‘subject to the following 
restrictions.” Delete the second sen- 
tence. Change “(Note 4, Section 6)” to 
“(Note 4, Appendix).” 

Table I.—Remove this table, including 
the footnotes, from the body of the 
method and place in the Appendix as 
indicated. 

Section 4(c).—Add at the end of the 
third sentence: “and normal to that 
surface.” 

At the beginning of the fourth sen- 
tence, insert: ‘Packages shall be so posi- 
tioned that.” In the same sentence. 
change “shall be only” to “will be only.” 

Section 5(e).—Change to read as 
follows: 


(e) Estimates of the Variances.—The true 
values of «2 and o} for any given lot of wool 
will not in general be known. Reliable estimates 
of their approximate values based on previous 
experience with similar lots of wool, or obtained 
by a preliminary test or otherwise, shall be used. 
The Appendix to this method lists the observed 
average values of o, and o for lots of several 
types of wool as they appeared in the commerce 
of the United States prior to the adoption of 
this revision of the method. When no reliable 
estimates are available, it is recommended 
that the conservative value of 5.0 be used for 
both o, and o, in Eq. 1 when sampling is per- 
formed in accordance with this method. 
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Section 6.—Delete this section, in- 
cluding Notes 4 and 5. 
Section 7.—Change to read as follows: 


7. Table I gives the values of m calculated 
from Eq. 1 for selected pairs of values of oy 
and gp» and for selected lot sizes, N, and num- 
bers of cores per package, k, for a fixed sampling 
precision of +1.0 at a probability level of 0.95. 


Table II.—Renumber as Table I. 
Change the heading to read: “Values of 
n Calculated from Eq. 1¢ for a Precision 
of +0.1 at a Statistical Probability of 
0.95, for Selected Value of a, a», and k.” 

New Appendix.—Add to the method 
the following Appendix: 


APPENDIX 


CLASSIFICATION OF WOOLS FOR SAMPLING 
PuRPOSES 


Committee studies have shown that the 
values of o and gp listed in Table IL are good 
estimates of the average values for lots of sub- 
stantially undamaged packages (Note 4) of 
the respective classes of wool as they appeared 
in the commerce of the United States prior to 
*the adoption of this revision of the method, 
when the lots conformed with the restrictions 
in Section 2(a@) and were sampled in accordance 
with the procedures described in the method. 
Any subsequent material changes that may 
have occurred in the practices of preparing or 
packaging any of the wools or grouping pack- 
ages into lots, may have resulted in changes in 
the corresponding values of a» and o, so that 
the tabulated values may no longer be suitable 
for use in calculating a sampling schedule for 
the affected wools. 

When the true values of o, and oy for a given 
lot of wool are any pair of the values shown in 
Table II, the sampling schedules may be con- 
veniently obtained directly from, Table I in 
the method. 


Nore 4.—The data on Table II do not 
apply to lots containing packages that have 
been materially damaged by water, oil, or 
other agent unless these packages are first 
removed from the lot for separate evaluation. 
Normally soiled or torn coverings of themselves 
do not indicate material damage for sampling 
purposes. 


Taste II.—Include all of Table I of the 
method, with the following changes: 
1. Omit footnote 6 and the reference thereto. 
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2. Indent the words “white” “colored” 
under “India.” 

3. Change the value of op opposite Pakistan 
from 2.0 to 5.0. 


Methods of Testing Nonwoven Fabrics 
(D 1117-57): 


New Sections—Add the following 
methods for flexural rigidity and dimen- 
sional change as new Sections 12 and 13: 


12. Flexural Rigidity.—The stifiness of non- 
woven fabrics is determined by the methods used 
for woven fabrics under D 1388 —- 55 T Method 
A, Cantilever Test. The words “machine 
direction” and “cross machine direction” 
should be substituted for “warp” and “filling” 
respectively. 

13. Dimensional Change: (a) Purpose and 
Scope.—This method is intended to be used for 
determining the changes in dimensions, shrink- 
age or stretching, of nonwoven fabrics which 
take place when the fabric is subjected to any 
treatment such as laundering or dry cleaning, 
etc. which could cause such changes. 

(6) Test Specimens——The specimen before 
and after treatment shall be conditioned for 
four hours at 65% (+2%) relative humidity 
and 70 F (+2 F). The specimen is laid out with- 
out tension on a flat surface, care being taken 
that the fabric is smooth and free from wrinkles 
and creases. Three distances, each 18 inches 
long, in both the machine and across the ma- 
chine directions, shall be marked off. These 
distances shall be parallel to these directions 
and approximately 6 inches apart and all of 
them at least one inch from the edges of the 
sample. Satisfactory marks may be made with 
indelible ink (or any other marking material 
resistant to the treatment to which the fabric 
will be subjected) using a fine pointed or ball 
point pen, or fine threads may be sewn into the 
fabric, or any other suitable marking device 
may be used. These markings should be made on 
the fabric immediately following the condition- 
ing of the specimen and before treating it. 

(c) Drying.—If the treatment prior to meas- 
uring shrinkage involved wetting the fabric 
with water (as in laundering), or with a solvent 
(as in dry cleaning), the specimen must first 
be dried. If wet with water, squeeze out the ex- 
cess gently by hand so as not to distort the 
fabric. Wringing by hand or with squeeze rolls 
is not permissible, as either may distort the 
fabric. Spread out the specimens on a horizontal 
screen or similar perforated surface and allow 
to dry at room temperature. The drying process 
may be speeded up by directing a current of 
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air, either slightly heated or at room tempera- a ae 
ture, on the fabric. The specimen may also be __,, 5 

: Ferrous roving. ........... 3 
hydro-extracted and dried in an oven if the Non-ferrous roving: 
temperature of the oven is held at a level Underwriters’ Grade.......... 0.75 
known to be harmless to any of the ingredients 1 


in the fabric. The dried specimens are then 
dampened with water and allowed to stand 5 
min. 

(d) Pressing —Press the specimens either 
with a flat-bed press or a hand iron, taking care 
in handling them to avoid any strain on the 
fabric. Smooth each specimen to remove wrinkles 
as well as possible before pressing. When a hand 
iron is used, do not slide the iron back and forth 
on the specimen, but simply press down upon it 
in a manner simulating the action of a flat- 
bed press. The temperature used must be suit- 
able for the fiber, binder and other materials 
in the fabric. Allow the specimen to cool to 
room temperature before measuring it. 

(e) Evaluation—The pressed specimen is 
laid out without tension on a flat surface, care 
being taken that the fabric is smooth and free 
from wrinkles or creases. The distances which 
were marked off are measured again. The 
shrinkages in the machine direction and across 
the machine direction are calculated separately 
as the averages obtained from the marked dis- 
tances. The shrinkage is the change in the di- 
mensions measured and is expressed either as a 
percentage of the dimensions before treatment 
or in inches per yard. 


Definitions of Terms Relating to Textile 
Materials (D 123 — 55): 


Change the definition of the term 
“Tape, Woven” to read as follows: 


Tape, Woven, n.—A woven narrow fabric, 
made principally of cotton, linen, and/or man- 
made fibers, but not containing rubber or 
other similar elastomer, and weighing less 
than 15 oz per sq yd (2.625 lb per 100 yd per 
in. of width). 


Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 — 52): 


Section 5—Change this section to read 
as follows: 


5. Magnetic Iron Rating.—Roving shall be 
made in two varieties, ferrous and non-ferrous, 
the magnetic iron ratings of which shall conform 
to the following requirements: 


these sections. 
Section 14—Change to read as follows, 
renumbering to Section 10: 


10. Magnetic Iron Rating—The magnetic 
iron rating shall be determined in accordance 
with the Method of Test for Magnetic Rating of 
Asbestos Used for Electrical Purposes (ASTM 
Designation: D 1118). 


Standard Specifications and Methods of 
Test for Asbestos Lap (D 1061 — 57): 


Section 4.—Change this section to read 
as follows: 


4. Magnetic Iron Rating.—Asbestos lap shall 
be made in two varieties, ferrous and non-ferrous, 
the magnetic iron rating of which shall conform 
to the following requirements: 


Magnetic Iron 
Rating, max 


Non-ferrous lap: 
Underwriters’ Grade.......... 0.75 
Grades A, AA, and AAA 1 


Section 10.—Delete this section. 


Renumber Sections 10 and 11, ac- 
cordingly. 


Standard Methods of Testing and Toler- 
ances for Glass Yarns (D 578 — 52): 


Section 5(b).—Change the table to 
read as follows: 


Permissible 
ei 
are be plus or minus, 

Turns per Inch per cent 
15 


Standard Methods of Testing and Toler- 
ances for Single Jute Yarn (D 541 - 
52): 

Section 12(b).--Add the following 
paragraph: 
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By mutual agreement, testing machines 
operated at constant rate of load (inclined plane), 
or using strain gages, may be used if their pre- 
cision and accuracy are at least equal to the 
pendulum type applicable to the same condi- 
tions. Results from the three types of machines 
are not interchangeable, unless the time to 
break (not rate of extension, nor rate of load) 
are identical within about +2 sec. 
‘Standard Methods of Testing and Toler- 
ances for Jute Rove and Plied Yarn 

for Electrical and Packing Purposes 

681 — 52): 

Section 11(b).—Add the same para- 
graph as recommended above for 
Method D 541. 


Standard Methods of Testing and Toler- 
ances for Rope Made from Bast and 
_ Leaf Fibers (D 738 — 52): 
Section 9(c)—Add the same para- 
graph as recommended above for 
Method D 541. 


Standard Methods of Testing and Toler- 
ances for Spun, Twisted, or Braided 
Products Made from Flax, Hemp, 
Ramie, or Mixtures Thereof (D 739 - 
$2): 

Section 16(b).—Add the same para- 
graph as recommended above for 

Method D 541. 


Standard Methods of Testing Single 
Kraft Yarn (D 1057-51): 

Section 6(b).—Add the same para- 
graph as recommended above for 
Method D 541. 


Standard Methods of Testing Twine 
Made from Bast and Leaf Fibers 
(D 1233 — 52): 

Section 12(b)—Add the same _ para- 
graph as recommended above for 

Method D 541. 


Standard Method: of Test for Fineness 

of Cotton Fibers by Micronaire 
(D 1448 — 56): 

Section 8—Change “Micronaire units” 

to “Micronaire reading.” 
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Standard Methods of Test for Water 
Resistance of Textile Fabrics (D 583 — 
54): 


New Sections 13 to 15.—Add the fol- 
lowing dynamic absorption test as 
Method II as an alternate test to the 
present method in Sections 10 to 12. 
Designate the present method as Method 
I. Renumber the remaining sections. 
ABSORPTION Metuop II 


DyNAMIC TEsT, 


(AATCC Metuop 70A—1958) 


13. Apparatus and Materials: (a) Launder- 
Omeler, or similar machine, operating at 42 
rpm with provision for mounting metal speci- 
men containers (See Paragraph (b)) horizon- 
tally at right angles to the shaft. Provision shall 
be made for maintaining the initial temperature 
of the jars throughout the test.* 

(b) Standard stainless-steel specimen 
tainers, 34” in diameter by 8” long?® 

(c) Stainless steel balls, 4” in diameter’ 

(d) Wringer, motor-driven, household laun- 
dry type, conforming to requirements in Para- 
graph 10 (0d). 

(e) Laboratory balance, accurate to 0.1 g. 

(f) Blotting paper, cut to 4” x 4”, and con- 
forming to requirements in Paragraph 10 (c). 

14. Test Specimens.—Prepare two sets of 
ten square pieces, each 3” x 3”, cut on a 45° 
bias from the conditioned fabric and with the 
loose corner yarns removed. Ten pieces shall 
constitute one specimen. 

15. Procedure: (a) Place 300 ml. of water 
(see Section 3) and 200 steel balls into each of 
two standard stainless steel containers. Roll 
together a specimen consisting of ten conditioned 
pieces and weigh to the nearest 0.1 g. Repeat 
with the second specimen of ten pieces from the 
same sample. Place each specimen, one piece 
at a time, into a separate stainless steel con- 
tainer. (Crumple each piece before placing it in 
the container.) 

Mount the containers in the Launder-Ometer 
and run for 20 minutes at 80 + 2 F. (27+ 1 
C.). At the end of 20 min, quickly remove the 
pieces of one specimen, one at a time, pass 
each piece through the wringer once without 
blotters, with one edge of the piece parallel to 
the rolls of the wringer; then immediately pass 
it through the wringer between two unused 
blotters. Leave the piece between the blotters 
until the ten pieces from one set have been 
through the wringer; then remove the ten 
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pieces from the blotters, roll them together 
again and weigh as before, protecting the pieces 
from air drying as much as possible during 
these operations. 

(6b) Repeat the squeezing, blotting, and 
weighing procedure described in Paragraph (a) 
for the second specimen of ten pieces. 

(c) Calculate the dynamic absorption for 
each specimen as follows: 


Dynamic absorption, per cent = 


Original wt. of specimen 


| Final wt. of specimen — original wt. of 
specimen 
X 100 


(d) The dynamic absorption of the fabric 
shall be the average of the results obtained from 
the specimens tested and shall be reported to 
the nearest 1.0 per cent. 


“Equipment and material meeting these 
specifications are manufactured by Atlas Elec- 
tric Devices Co., 4114 N. Ravenswood Ave, 
Chicago 13, Ill. 

A description of the Launder-Ometer and 
accessories is given in the AATCC Technical 
Manual and Year Book. 


TENTATIVE REVISION OF STANDARD 


The committee recommends as a 
tentative revision of the Standard Defi- 
nitions of Terms Relating to Textile 
Materials (D 123-55) the revised and 
new tentative definitions appended 
hereto,? including the revised list on 
fabric defect terminology. 


WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following standards since 
they have been combined and are re- 
placed by the proposed Tentative Speci- 
fication and Methods of Test for Woven 
Asbestos Cloth: 


Standard Method of Testing Woven Asbestos 
Cloth (D 577 — 52) 

Standard Specifications for Woven Asbestos 
Cloth (D 677 — 50) 


The committee recommends the with- 
drawal of the following ASTM methods. 
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These methods were originally developed 
by the Technical Committee on Re- 
search of the American Association of 
Textile Chemists and Colorists. With 
the withdrawal of the ASTM standards 
it is also recommended that appropriate 
references to the AATCC methods be 
included in the Book of ASTM Stand- 
ards and in the annual compilations of 
ASTM Standards on Textile Materials: 


Standard Methods of Test for: 


Colorfastness to Commercial Laundering and 
to Domestic Washing of Cotton and Linen 
Textiles (D 435 - 42), 

Colorfastness of Dyed or Printed Wool, Silk, 
Rayon, or Acetate Fabrics to Laundering 
or Domestic Washing (D 436-37), 

Colorfastness to Light of Textiles (D 506 - 55), 

Resistance of Textile Fabrics and Yarns to 
Insect Pests (D 582-54), 

Evaluating Compounds Designed to Increase 
Resistance of Fabrics and Yarns to Insect 
Pests (D 627 — 54), 

Colorfastness of Dyed Acetate to Atmospheric 
Fumes (D 682 — 52), and 

Resistance of Textile Materials to Microor- 
ganisms (D 684 — 57). 


STANDARDS AND TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
standards under its jurisdiction which 
have not been revised within the past 
six years, and also the tentatives that 
have not been revised within the past 
two years be continued in their present 
status without change. 


PUBLICATION ON EXTENDED INTERVAL 
BasIs 


Occasionally there are methods that 
are not too widely used and the com- 
mittee believes that in such instances it 
is not necessary to republish these an- 
nually in the Compilation of ASTM 
Standards on Textile Materials. Sub- 
committee A-1 on Cotton Fibers has 
recommended that the following methods 
under its jurisdiction be published only 
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on an extended interval basis but that 
in those editions of the compilation 
which do not include the method, a 
reference be added to the earlier edition 
in which it appeared: 
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Method of Test for Maturity of Cotton Fibers 
(Polarized-Light Method) (D 1450 - 57), and 
Test for Strength of Cotton Fibers by Chand- 
ler Bundle Method (D 414 - 40 T) which 


was discontinued in 1955. 
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REPORT OF COMMITTEE D- andy 


Committee D-14 on Adhesives held 
two meetings during the year: at the 
Sheraton Hotel, Philadelphia, Pa., on 
October 31 and November 1, 1957, and 
at the U. S. Forest Products Laboratory, 
Madison, Wis., on April 2, 3, and 4, 1958. 
On the third day of the April meeting a 
group of members toured the Forest 
Products Laboratory. 

The committee consists of 127 mem- 
bers, of whom 42 are classified as 
producers, 63 as consumers, and 22 as 
general interest or consulting members. 

Three new subcommittees have been 
established—Subcommittee X on Wood 
Adhesives, Subcommittee XI on Metal 
Bonding Adhesives, and Subcommittee 
XII on Adhesives for Plastics. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. E. Rutzler, Jr. 

Vice-Chairman, A. A. Marra. 

Secretary, J. J. Lamb. 

Membership Secretary, W. W. Seder- 
lund. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
and specifications as appended hereto:! 


Methods of Test for: 


Bonding Permanency of Water or Solvent 
Soluble Liquid Adhesives for Labeling Glass 
Bottles, 

Nonvolatile Content of Phenol, Resorcinol, and 
Melamine Adhesives, 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 6. 


Measuring the Hydrogen Ion Concentration of 
Dry Adhesive Films, 

Water Absorptiveness of Paper Labels, and 

Filler Content of Phenol, Resorcinol, and Meia- 
mine Adhesives. 


Specification for: 


Adhesives for Automatic Machine Labeling of 
Glass Bottles. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as follows of the Tentative Method of 
Test for Effect of Moisture and Tempera- 
ture on Adhesive Bonds (D 1151 - 56 T)2? 

Table I.—Change to read as indicated 
in the accompanying Table I. 


TENTATIVE REVISIONS OF STANDARD 


The committee recommends tentative 
revisions of the Standard Definition of 
Terms Relating to Adhesives (D 907 - 
55),? consisting of the following new 
definitions: 


Amylaceous, adj.—Pertaining to, or of the na- 
ture of, starch; starchy. 

Consistency, n.—That property of a liquid ad- 
hesive by virtue of which it tends to resist 
deformation. 


Note.—Consistency is not a fundamental 
property but is comprised of viscosity, plas- 
ticity, and other phenomena. (See also Vis- 
cosity, Viscosity Coefficient, and Consistency 
Coefficient.) 


Flow, n.—Movement of an adhesive during the 
bonding process, before the adhesive is set. 
Modifier, n.—Any chemically inert ingredient 
added to an adhesive formulation that 
changes its properties. (See Filler, Plasticizer, 
and Extender.) 

Penetration, n.—The entering of an adhesive 
into an adherend. 


21956 Supplement to Book of ASTM Stand- 
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TABLE I.—STANDARD TEST EXPOSURE. 
(New Table I for Method D 1151) 


380 


Test Temperature* 
Moisture Conditions 
Number | deg de 
Cent | Fahr 
—57 |-—70 As conditioned 
—34 |—30 As conditioned 
—34 |—30 | Presoaked? 
hiccneraa 0 32 As conditioned 
23 73.4, 50 per cent relative 
humidity 
23 73.4| Immersed in water 
+ 38 | 100 88 per cent relative hu- 
“f midity 
, Seer 63 | 145 | Oven, uncontrolled hu- 
midity 
63 | 145 | Over water® 
ae 63 | 145 Immersed in water 
oe 70 | 158 Oven, uncontrolled hu- 
midity 
70 | 158 Over water* 
re 82 | 180 Oven, uncontrolled hu- 
midity 
82 | 180 Over water‘ 
SS 100 | 212 Oven, uncontrolled hu- 
midity 
Tae 100 | 212 Immersed in water 
ee 105 | 221 Oven, uncontrolled hu- 
midity 
ae, 149 | 300 Oven, uncontrolled hu- 
midity 
rie. 204 | 400 Oven, uncontrolled hu- 
midity 
ae 260 | 500 Oven, uncontrolled hu- 
midity 
316 | 600 Oven, uncontrolled hu- 
midity 


* The tolerance for test temperatures shall 
be +1.1 C or +2 F up to 200 F, and +1 per 
cent for temperatures above 200 F. 

> Presoaking shall consist of submerging 
specimens in water and applying vacuum at 20 
in. of mercury until weight equilibrium is 
reached. 

¢ The relative humidity will ordinarily be 95 
to 100 per cent. 


NotTEe.—This property of a system is meas- 
ured by the depth of penetration of the ad- 
hesive into the adherend. 


Plasticizer, n.—A material incorporated in an 
_ adhesive to increase its flexibility, workabil- 
ity, or distensibility. The addition of the 
_ plasticizer may cause a reduction in melt 
_ viscosity, lower the temperature of the second- 
order transition, or lower the elastic modulus 
of the solidified adhesive. 
Retrogradation, n.—A change of starch pastes 
from low to high consistency on aging. 
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Shortness, n.—A qualitative term that describes 
an adhesive that does not string, cotton, or 
otherwise form filaments or threads during 
application. 

Slippage, n.—The movement of adherends with 
respect to each other during the bonding 
process. 

Solids Content, n.—The percentage by weight of 
the non-volatile matter in an adhesive. 


Note.—The actual percentage of the non- 
volatile matter in an adhesive will vary con- 
siderably according to the analytical proce- 
dure that is used. A standard test method 
must be used to obtain consistent results. 


Stringiness, n.—The property of an adhesive 
that results in the formation of filaments or 


threads when adhesive transfer surfaces are 
separated. (See Webbing.) 


Norte.—Transfer surfaces may be rolls, 
picker plates, stencils, etc. 


Tack, n.—The property of an adhesive that en- 
ables it to form a bond of measurable strength 
immediately after adhesive and adherend are 
brought into contact under low pressure. 

Thinner, n.—A volatile liquid added to an ad- 
hesive to modify the consistency or other 
properties. (See also Diluent and Extender.) 

Webbing, n.—Filaments or threads that may 
form when adhesive transfer surfaces are 
separated. (See Stringiness.) 


Note.—Transfer surfaces may be rolls, 
picker plates, stencils, etc. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Method of Test for Re- 
sistance of Adhesive Bonds to Chemical 
Reagents (D 896 —51)*® and accordingly 
asks for the necessary nine-tenths af- 
firmative vote at the Annual Meeting in 
order that the revisions may be referred 
to letter ballot of the Society. 

Section 4.—Add the following new 
paragraphs: 

(0) Iso-Octane (2,2,4 trimethylpentane) _ 

(p) Hydrocarbon Mixture No. 1 ae 

(1) Iso-Octane (2,2,4 tri- 


methylpentane)...... 600 ml 
(2) Benzene.... sae 50 ml 
200 ml 


| 
| 
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(qg) Hydrocarbon Mixture No. 2 
(1) Iso-Octane (2,2,4 tri- 
j methylpentane). . 700 ml 
3 (r) Standard Jet Fuel No. 1 
Ch 300 ml 
(2) Cyclohexane......... 600 ml 
(3) Iso-Octane (2,2,4  tri- 
methylpentane)...... .. 100ml 
(4) n-Butyl Disulfide. . 10 ml 
(5) n-Butyl Mercaptan...... 0.125 g 
(equivalent to 0.005 
weight per cent of mer- 
captan sulfur) 
(s) Standard Jet Fuel No. 2 
(2) Cyclohexane............ 600 ml 
(3) Iso-Octane (2,2,4  tri- 
methylpentane)......... 100 ml 
(4) n-Buty] Disulfide... .... 1 ml 
(5) n-Butyl Mercaptan...... 0.010 g 


(equivalent to 
weight per cent mercap- 
tan sulfur) 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six 
years without revision: 


Standard Method of Test for: 


Tensile Properties of Adhesives (D 897 — 49), 
Applied Weight per Unit Area of Dried Adhe- 
sive Solids (D 898 - 51), 


Applied Weight per Unit Area of Liquid Adhe- ° 


sive (D 899 - 51), 

Peel or Stripping Strength of Adhesives (D 903 
— 49), 

Shear Strength of Adhesives by Compression 
Loading (D 905 — 49), 

Strength of Adhesives in Plywood Type Con- 
struction in Shear by Tension Loading (D 
906 — 49), and 

Cleavage Strength of Metal-to-Metal Adhe- 
sives (D 1062 — 51). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Method of Test for: 
Strength of Adhesives in Shear by Tension 
Loading (Metal-to-Metal) (D 1002 - 53 T), 


Resistance of Adhesives for Wood to Cyclic 
Laboratory Aging Conditions (D 1183 —- 55 T), 

Adhesives Relative to Their Use as Electrical 
Insulation (D 1304 —- 54 T), 

Susceptibility of Dry Adhesive Films to Attack 
by Roaches (D 1382 - 55 T), and 

Susceptibility of Dry Adhesive Films to Attack 
by Laboratory Rats (D 1383 — 55 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” : 


ACTIVITIES OF SUBCOMMITTEES _ 


Subcommittee I on Strength Properties 
(C. E. Britt, chairman) is completing a 
Recommended Practice for Conducting 
Creep Testing of Metal-to-Metal Ad- 
hesives. 

An interlaboratory test program to 
determine the rate of loading to be 
specified in the Method of Test for 
Strength Preparation of Adhesives in 
Shear by Tension Loading (Metal-to- 
Metal) (D 1002-53 T) has been com- 
pleted and the data statistically out- 
lined. Recommendations on this method 
may be made in the near future. The 
climbing drum test procedure has been 
revised by recent studies and is being 
prepared for presentation to the com- 
mittee. The second draft of the T-Peel 
test procedure is in preparation, as well 
as a proposed recommended practice for 
determining the suitability of chambers 
used to conduct extreme temperature 
exposures, and tests on adhesive bonded 
lap-shear specimens. 

Subcommittee II on Analytical Tests 
(G. F. Lipsey, chairman) prepared the 
three proposed methods of testing 
hydrogen-ion concentration of dry ad- 
hesive films; non-volatile content of 
phenol, resorcinol, and melamine ad- 
hesives; and the filler content of ad- 
hesives, referred to earlier in the report. 

4 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Methods under preparation include 
tests for non-volatile content and specific 
gravity of solvent-type resin adhesives. 

Subcommitiee III on Tests for Per- 
manency (D. A. George, chairman) is 
preparing a method for the effect of 
natural molds on the permanence of 
adhesives and a recommended practice 
for the effect of weathering on adhesives 
while under stress. A study of the effects 
of nuclear radiation on the strength 
of adhesive bonds is being considered. 

Subcommitiee IV on Working Proper- 
ties (N. J. DeLollis, chairman) is con- 
tinuing work on the determination of 
pressure-sensitive tack. Methods for the 
measurement of flow properties, vis- 
cosity, and penetration of adhesives are 
being prepared. 

Subcommitiee V on Specifications (S. 
L. Adams, chairman) prepared for 
presentation to the Society methods for 
testing water absorptiveness of paper 
labels and bonding permanency of water 
or solvent soluble liquid adhesives for 
‘labeling glass bottles, and a specification 
for bonding permanency of water or 
solvent soluble liquid adhesives for 
labeling glass bottles, all referred to 
earlier in the report. 

A specification for adhesives for 
acoustical materials has been developed 
for presentation to the committee. 
Methods under development include 
tests for the bonding permanency of 
adhesives for sealing top flaps of fiber- 
board shipping cases, the selection of 
fiberboard case samples for the bonding 
test, and adhesive sampling procedures. 
Specifications in preparation include 
adhesives for sealing top flaps of fiber- 
board shipping containers, general pur- 
pose (mending) adhesives, and polyviny] 
acetate resin emulsion adhesives (alkali 
dispersible). 

Subcommittee VI on Nomenclature (G. 
W. Koehn, chairman) prepared the 14 
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definitions for inclusion in Definitions 
D 907 referred to earlier in the report. 

Subcommitiee VII on Research Prob- 
lems (J. E. Rutzler, Jr., chairman) has 
reviewed research studies in the adhe- 
sives field. Research reports were pre- 
sented on: bonding with molten 
polymers, and adhesive rupture before 
formation of oxide films in adhesive 
bonds. Problems to be included in “Chal- 
lenges in Materials Research” have been 
chosen for preparation by the committee. 

Subcommittee X on Wood Adhesives (A. 
A. Marra, chairman) presented a survey 
of adhesive testing in the fields of ply- 
wood, laminations, and assembly gluing. 
Representatives of the Forest Products 
Laboratory and the Hardwood Plywood 
Inst. reviewed the activities of their 
organizations with regard to research 
and control testing of plywoods and 
assemblies. The subcommittee is pre- 
paring a detailed questionnaire to 
circulate to those in a position to con- 
tribute to the development of test 
methods for wood-to-wood adhesives. 

New sections formed in the subcom- 
mittee were set up on the basis of glued 
products which are presumed to demand 
similar properties in adhesives and thus 
utilize similar test methods, as follows: 
Section A on Lumber Adhesives (R. F. 
Blomquist, chairman), Section B on 
Veneer Adhesives (John Butler, chair- 
man), Section C on Pulp and Particle 
Board Binders (A. A. Marra, chairman), 
Section D on Assembly Adhesives (R. F. 
Snider, chairman), Section E on Ad- 
hesives for Bonding Wood to Other 
Materials (C. B. Hemming, chairman), 
and Section F on Special Problems (Ben 
Jayne, chairman). 

Subcommitiee XI on Metal Bonding 
Adhesives (F. H. Bair, acting chairman) 
has organized four sections as follows: 
Section A on Mechanical Properties, 
Section B on Durability, Section C on 


: 


eon 


Metal Surface Preparation, and Section 
D on Inspection and Quality Control. 

This new subcommittee is currently 
reviewing existing methods to determine 
if revisions are necessary. New methods 
which are being considered for develop- 
ment include evaluation of surface 
preparation, and procedures which are of 
particular interest to the aircraft in- 
dustry. 


This report has been submitted to 


ad es 


On ADHESIVES 


letter ballot of the committee, which 
consists of 127 voting members; 79 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. F. BLomgulst, 
Chairman. 
J. J. Lams, 
Secretary. 
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REPORT OF COMMITTEE D-15 
ON 


ENGINE ANTIFREEZES* 


Ta fisted ‘Pa 


- Committee D-15 on Engine Anti- 
freezes held one meeting during the year: 
in Washington, D.C., on March 28, 1958. 
Meetings of subcommittees were held 
in Philadelphia, Pa., on November 14 
and 15, 1957, and in Washington, D.C., 
on March 26 and 27, 1958. 

There have been two resignations from 
the committee during the year. Two new 
members were added to the committee. 
The committee is composed of 36 mem- 
bers, of whom 10 are classified as pro- 
ducers, 15 as consumers, and 11 as 
general interest members. 

Committee D-15 is now represented on 
the Advisory Committee on Corrosion. 
, The officers and members of the Ad- 
visory Committee elected for the ensuing 


term of two years are as follows: 
Chairman, R. E. Vogel. a 
Vice-Chairman, F. G. Church. 


Secretary, C. O. Durbin. 


Advisory Committee, Members-at- 
Large, V. O. Hatch and W. D. 
McMaster. 


REVISION OF TENTATIVE 
The committee recommends revisions 
as appended hereto' of the Tentative 
Specification for Hydrometer-Thermom- 
eter Field Tester for Engine Antifreezes 
(D 1124-53 T)*? and continuation of 
the specification as tentative. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1The revised tentative appears in the 
Book of ASTM Standards, Part 8. 
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vind 

bul 


following tentatives be approved for 

reference to letter ballot of the Society 

for adoption as standard without revi- 

sion: 

Tentative Method of Test for: 

Ash Content of Concentrated Engine Antifreeze 
(D 1119 - 53 T),? and 


pH of Concentrated Engine 
(D 1287 - 53 T)2? 


Antifreezes 


The committee recommends for imme- 
diate adoption revisions as follows of the 
Standard Method of Test for Specific 
Gravity of Concentrated Engine Anti- 
freezes by the Hydrometer (D 1122 - 
53),’ and accordingly asks for the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting in order that the revi- 
sions may be referred to letter ballot of 
the Society: 

Section 3(a).—-Delete this section and 
replace with the following: 

3. (a) Hydrometers.—Hydrometers shall be 
of glass, graduated in specific gravity as listed 
in Table I, and shall conform to the Tentative 
Specifications for ASTM Hydrometers (ASTM 
Designation: E 100). The glass shall have a 
cubical coefficient of expansion of approximately 
0.0000128 per 1 F at 60 F. 

New Table—Add a new Table I as 
shown in the accompanying Table I. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


TENTATIVE CONTINUED WITHOUT 
REVISION 

The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Method for Glassware Corrosion 
Test for Engine Antifreezes (D 1384 - 
55 T).2, Modifications of this tentative 
method are being investigated. 


_— | 
JOT 
: 


TABLE I.—AVAILABLE HYDROMETERS. 
(New Table I, Standard Method D 1122 - 53) 


Gravity 


ange 
ASTM 

Designation Type | 
y- 

Total | drom- 

eter 


84H to 88H... 


for general use 0.745 0.060 
in light to | 
liquids 1.005 
1111 to 11711.) for general use | 0.995) 0.060 
in heavy to 
liquids 1.355 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


OF SUBCOMMITTEES 


Subcommittee II on Antifreeze Field 
Testers (F. G. Church, chairman) revised 
the Tentative Specification for the 
Hydrometer-Thermometer Field Tester 
for Engine Antifreezes (D 1124-53 T), 
referred to earlier in the report, to in- 
clude a test method for obtaining basic 
data with hydrometers for the initial 
calibration of these testers for primary 
use by antifreeze producers and tester 
manufacturers. 

Subcommittee III on Physical Prop- 
erlies (R. E. Vogel, chairman) revised 
the Standard Method of Test for Spe- 
cific Gravity of Concentrated Engine 
Antifreezes by the Hydrometer 
(D 1122 — 53), referred to earlier in the 
report, to prescribe the use of standard 
hydrometers meeting ASTM Specifica- 
tion E 100. Consideration is being given 
to a rapid method for determining melt- 
ing point of engine antifreeze solutions. 

Subcommittee IV on Chemical Prop- 
erties (J. J. Ondrejcin, chairman) is re- 
vising the Method of Test for Water in 
Concentrated Engine Antifreezes by the 
Iodine Reagent Method (D 1123 -— 54) 
to replace the methanol base reagent 
with the glycol ether base reagent used 


ACTIVITIES 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


On ENGINE AN 


in Method D 1364 - 55 T. A significance 
of test section is also under investigation. 
The Study Group on Glycol Analysis is 
collecting methods to distinguish be- 
tween various glycols. 

Subcommittee VI on Simulated and 
Actual Service Testing (C. H. Sweatt, 
chairman) has two active study groups. 
During the past year, the Study Group 
on Glassware Test Methods (E. L. 
Gibson, chairman) completed a second 
interlaboratory test on a_ laboratory 
screening method for foaming tendency. 
Modifications are under study. The 
Study Group on Service Simulation 
Test Methods (V. O. Hatch, acting 
chairman) is continuing the develop- 
ment of apparatus and operating pro- 
cedure for a bench-type circulating test 
that would evaluate corrosion and foam- 
ing properties under conditions that 
simulate service. A prototype assembly 
is nearly finished. Members of Subcom- 
mittee VI have found the results of 
tests with “standard” specimens pro- 
vided by the Chemical Specialties Manu- 
facturers Assn. to be equal to earlier 
results from the standpoint of repro- 
ducibility and repeatability. 

Subcommittee VII on Specifications 
(B. E. Tiffany, chairman) is continuing 
work on a specification for engine anti- 
freeze. 

Subcommittee VIII on Editorial and 
Coordination of Test Methods (G. Kauf- 
man, chairman) was established during 
the year. This subcommittee has re- 
viewed and advised on the revised 
methods presented in this report. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 36 voting members; 28 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. E. VoGELr, 
Chairman. 
Secretary. 
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REPORT OF COMMITTEE D-16 
ON 


INDUSTRIAL AROMATIC HYDROCARBONS AND 
RELATED MATERIALS* 


ay 
iz 
ly 


Committee D-16 on Industrial Aro- 
matic Hydrocarbons and Related Mate- 
rials and its subcommittees held two 
meetings during the year: on June 20 
and 21, 1957, in Atlantic City, N. J., 
and on February 10 and 11, 1958, in 
St. Louis, Mo. 

The officers elected for the ensuing 
term of two years are as follows: 
Chairman, W. E. Sisco. 

Vice-Chairman, M. Mitchell. 
_ Secretary, K. H. Ferber. 


NEw TENTATIVE 


The committee, jointly with Com- 
"mittee D-2, recommends for publication 
as tentative the Method for Calculation 
of Volume and Weight of Benzene, 
Toluene, and Paraxylene, as appended 
hereto.! This is a modification of the 
proposed method published as informa- 
tion with the 1957 Report of Committee 
D-16. 


TENTATIVE CONTINUED WITHOUT 


REVI!SiON 


- The committee recommends for con- 
tinuation without revision the Tentative 
Specification for Industrial 90 Benzene 
(D 837 — 56 T). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following sixteen stand- 
ards which have been published for six 
years or longer without revision: 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 8. 
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Standard Specifications for: 


Nitration Grade Benzene (D 835 — 50), 

Industrial Grade Benzene (D 836 — 50), a 

Refined Solvent Naphtha (D 838 — 50), 

Crude Light Solvent Naphtha (D 839-50), 

Crude Heavy Solvent Naphtha (D 840 - 50), 

Industrial Grade Toluene (D 842 - 50), 

Nitration Grade Xylene (D 843 - 50), 

Industrial Grade Xylene (D 844 — 50), 

Five-Degree Xylene (D 845 — 50), and 

Ten-Degree Xylene (D 846 50). Ay 

19). 

Acidity of Benzene, Toluene, Xylenes, Solvent 
Naphthas, and Similar Industrial Aromatic 
Hydrocarbons (D 847 - 47), 

Copper Corrosion of Industrial Aromatic Hydro- 
carbons (D 849 — 47), 

Paraffins in Industrial Aromatic Hydrocarbons 
(D 851 — 47), 

Solidification Point of Benzene (D 852 — 47), 

Color and Hydrogen Sulfide and Sulfur Dioxide 
Content (Qualitative) of Industrial Aromatic 
Hydrocarbons (D 853 — 47), and 

Thiophene in Benzene (D 931 — 50). 


Standard Methods of Test for: 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting, 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A on Monocyclic Aro- 
matics (S. S. Kurtz, Jr., chairman) with 
the cooperation of Committee D-2 on 
Petroleum Products and Lubricants pre- 
pared the appended Method for Calcu- 
lation of Volume and Weight of Benzene, 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Toluene, and Paraxylene.' The subcom- 
mittee is working on the revision of 
Specifications for Industrial 90 Benzene 
(D 837 — 56 T), Nitration Grade Toluene 
(D 841-50), and Methods for Acid 
Wash Color of Benzene, Toluene, 
Xylenes, Refined Solvent Naphthas, and 
Similar Industrial Aromatic Hydrocar- 
bons (D 848 - 47), and Specific Gravity 
of Industrial Aromatic Hydrocarbons 
(D 891 — 51). 

The summary of cooperative data on 
the Tentative Methods of Test for 
Bromine Index of Aromatic Hydrocar- 
bons _ by Potentiometric Titration 
(D 1491 — 57 T), and Bromine Index by 
Coulometric Titration (D 1492-57 T) 
is set forth in the accompanying Table I. 

Subcommittee B on Polycyclic Aro- 
matics (M. Mitchell, chairman) expects 
to include solidification point, evapora- 
tion residue and water content in a speci- 
fication to cover crude naphthalene. 


Subcommittee C on Phenolic Com- 
pounds (D. F. Pontz, chairman) has 
found that the conventional Karl 


Fischer method for determination of 
water content is not suitable for phenol 
and a suitable modification has been 
developed. Investigation is under way 
for methods for determining color and 
water solubility of refined phenol. 
Subcommittee D on Nitrogen Hetero- 
cyclics (W. E. Sisco, chairman) is inves- 
tigating the use of the solidification point 


& 


Subsequent to the 


at 


EprrortaL Notre 


through the Administrative Committee on Standards revisions of the 
Method of Test for Solidification Points of Chemicals (D 1493 - 57 T). The revisions 
were accepted by the Standards Committee on September 9, 1958, and the revised 
tentative method appears in the 1958 Book of ASTM Stand: ards, Part 8. 
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method as a means of determining the 
purity of refined quinoline. 

Subcommitiee E on Thermometry (K. 
H. Ferber, chairman) has submitted 
samples of phenol, naphthalene, and 
phthalic anhydride to the National 
Bureau of Standards for testing in 
sealed glass cells. The cells, provided 
with a thermometer well, are for use in 
standardizing solidification point ther- 
mometers. 

Subcommitiee F on Editorial and 
Nomenclature (E. T. Scafe, chairman) is 
functioning as a consultant body to aid 
in the programs of the other subcom- 
mittees. 

Subcommitiee G on Statistical Pro- 
cedure (W. J. Tancig, chairman) has 
prepared a proposed method on general 
statistical practices for use of the other 
subcommittees. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 55 voting members; 47 mem- 
bers returned their ballots, of whom 46 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


| 


GOULD, 
Chairman. 


Annual Meeting, Committee D- 16 ermeined to the Society > 
Tentative 
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REPORTOF COMMITTEE 

NAVAL STORES* 


Committee D-17 on Naval Stores 
held one meeting during the year: on 
June 20, 1957, at Atlantic City, N. J., in 
connection with the Annual Meeting of 
the Society. 

The committee reports the loss through 
death on June 13, 1957, of Robert C. 
Palmer, Vice President and Chemical 
Director of Newport Industries, Inc., 
one of its long-time collaborating com- 
pany representatives. Another member, 
G. R. Tennent, Chief Chemist of the 
Hummel Ross Fiber Division, Con- 
tinental Can Co., was lost through retire- 
ment. 

The special committee working on re- 
visions of Federal Specifications for naval 
stores, on which the Society is repre- 
sented by the chairman of Committee 
1D-17, has completed the revisions and 
the specifications are now available in 
their revised form. The specifications in- 
clude Turpentine (TT-T-801a), Rosin 
(LLL-R-626b), and Dipentene (TT-D- 
376c.) 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, S. R. Snider. rey 4 
Vice-Chairman, J. L. Boyer, 
Secretary, W. A. Kirklin. Sw 


New TENTATIVE io 


The committee recommends for publi- 
cation as tentative the Methods of Test 
for Fatty Acids Content of Tall Oil Rosin 
as appended hereto.! 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958 

' The new tentative appears in the 1958 Book 
of ASTM Standards, Part 8. 
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WirtHout REVISION 


The committee recommends that the 
Tentative Methods of Testing Tall Oil 
(D 803 — 55 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard without revision. 


REVISION OF STANDARDS, al 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption revisions of the following 
standards as indicated, and accordingly 
requests the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society. 


Standard Methods of Sampling and 

Testing Turpentine (D 233 — 57):° Re- 
vise Sections 13 and 14 as appended 
hereto.* 


The proposed revision is dictated by 
inaccuracies and disagreements that fre- 
quently arise in the results obtained by 
testing laboratories working on turpen- 
tine or related material, which in many 
cases have been brought about by im- 
proper carrying out of the test procedure. 


Standard Method of Test for Volatile 
Oil in Rosin (D 889 — 50)? i 
Section 4—Renumber and change to 

read as follows: 


5. Additional Examination of Oil.—Drain off 


21955 Book of ASTM Standards, Part 4. 
31957 Supplement to Book of ASTM 
Standards, Part 4. 
4The revised standard appears in the 1958 
Book of ASTM Standards, Part 8. 
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the water, transfer the oil to a small glass con- 
tainer, stopper, and allow to settle until clear. 
Note the odor and taste and determine the re- 
fractive index. For further information on the 
nature of the oil, volume permitting, make a 
polymerization test according to the procedure 
given in Standard Methods of Sampling and 
Testing Turpentine (ASTM Designation: 
D 233). 


Section 5—Renumber and change to 
read as follows: 


4. Report.—Properly made rosin yields not 
more than 0.5 ml. of residual volatile oil per 50 
g. of sample. If the recovered oil is within such 
limit, report the rosin as free from excess volatile 
oil. If more than 0.5 ml. of oil is recovered, report 
the total volume obtained. 

Note.—The volatile oil recovered from gum 
rosin consists primarily of high-boiling terpene 
components of the crude gum, most of which 
under proper distillation will have been re- 
covered as turpentine by the time the rosin is 
drawn from the still. Faulty distillation or pre- 
mature withdrawal may yield a rosin giving a 
higher than normal recovery of oil, with a re- 
fractive index below 1.483. The polymerization 
residue should have a refractive index not lower 
than 1.500. In the case of wood rosins, generally 
obtained by extraction from stumpwood with a 
“petroleum or naphtha solvent, any recovered oil 
would probably consist of unrecovered solvent. 
The refractive index of both the recovered oil and 
the polymerization residue therefrom would be 
well under the above figures for gum rosin. 


Standard Method of Test for Water in 
Liquid Naval Stores (D 890 —- 51)? 


Section 3—Change the Note to read 
as follows: 

Note.—Allternate Titration—The end point 
may be determined electrometrically by means 
of the apparatus and procedure described in 
Section 3a of Tentative Method of Test for 
Water in Lacquer Solvents and Diluents 
(ASTM Designation: D 1364). 


Sections 4(a) and 5(a).—Add to the 


second sentence “or alternately to an 
electrometric end point.” 


Standard Method of Test for Iron in 
Rosin (D 1064 — 51)? 
_ Section 4(b).—Change to read as 


(b) Dishes, Vycor, silica, or porcelain, 50- and 
100-ml capacity. 

Nore.—Platinum or platinum-rhodium 
dishes are not recommended as they sometimes 
cause a color interference with the phenan- 
throline reagent. 


Section 7—In the first sentence, 
change ‘‘a platinum or Vycor dish”’ to 
read “‘a Vycor, silica, or porcelain dish.” 


EDITORIAL CHANGE 


The committee recommends editorial 
changes as follows in the Standard 
Methods of Sampling and Grading Rosin 
(D 509 

Section 3—Change the explanatory 
Note to read as follows: 


Note.—Gum rosin, from the oleoresin or 
“gum” obtained from living pine trees, is made 
by distilling individual batches or charges of the 
gum, the size of which depends on the capacity of 
the still. At the end of the distillation, the rosin 
is drawn either into steel drums having a tare 
weight of 17 lb, and uniformly filled to contain 
517 net lb of rosin, or into multi-wall paper bags 
containing 100 net lb. A batch or charge may 
consist of from 8 to 15 drums, or the equivalent 
number of bags. Two samples of the hot molten 
rosin are taken from each batch, from the first 
and last filled containers, and poured into molds 
for grading. The color of the rosin may vary 
slightly between subsequent batches or between 
the first and last container filled from a batch. 
After cooling, the drums and bags are often 
transferred to a storage yard or shed to await 
shipment. Consequently, in every carload ship- 
ment, the drums or bags will represent a number 
of batches and inspections. Shipments of drum 
rosin moving in commerce from a central storage 
point usually represent the output of more than 
one producer. The rosin may have been made 
from gum collected at different seasons of the 
year. It will be seen from the above that a 
correct appraisal of the over-all grade of a com- 
mercial lot of rosin cannot be obtained from just 
a limited number of samples. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards: | 


Standard Method of: a 


Test for Toluene Insoluble Solid Matter in Rosin 


oo 


- De 


(Chiefly Sand, Chips, Dirt, and Bark) 
(D 269 — 52), 

Sampling and Testing Pine Tars and Pine-Tar 
Oils (D 856 - 49), 

Test for Ash in Rosin (D 1063 - 51), and 

Testing Rosin Oils (D 1131 - 53). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point of 
Rosin (J. M. Schantz, chairman) is 
studying the possibilities of standard- 
izing a method of test for softening point 
of rosin known as the thermometer drop 
method. Among the tests having the 
widest application is one developed by 
Hercules Powder Co. (see page 470, 
ASTM Proceedings, 1948). 

Many manufacturers of wood rosin use 
some form of drop method as a rapid 
plant control test in their regular pro- 
duction operations. Several consumers of 
rosin have also found such a method use- 
ful and have expressed an interest in 
further study of such a test procedure. 
This method requires the use of a special 


thermometer having a bulb with closely ° 


specified dimensions, as well as skill in 
the technique of molding a prescribed 
weight of the rosin sample onto the 
thermometer bulb. The rest of the ap- 
paratus used in this test is of a type 
usually found in general testing labora- 
tories. 

Subcommittee II on Crystallization (S. 
R. Snider, chairman) has prepared a re- 
port covering the relative tendency to 
crystallize from solution for 46 gum 
rosins specially selected from a larger 
previously tested lot which is representa- 
tive of the output of the entire gum naval 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


6 Proceedings, Am. Soc. Testing Mats., 
Vol. 55, p. 531 (1955). 
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stores industry and production through- 
out the regular operating seasons. The 
report will show comparisons between the 
results obtained on these samples using 
the method published as information in 
the Appendix to the 1955 Annual Report 
of the committee,® the results obtained 
with the so-called Bakelite method, and 
a method published by Palkin and Smith 
in the Journal of the American Oil 
Chemists Society (Vol. 15, 1938, p. 120). 
This report will be presented for discus- 
sion at the forthcoming meeting of Com- 
mittee D-17. 

Subcommittee IV on Chemical Analysis 
of Rosin (R. Herrlinger, chairman) has 
conducted an active collaborative ana- 
lytical study on specially prepared 
samples of tall oil rosin of an improved 
method for determining the fatty acid 
content of tall oil rosin. The importance 
of such test is indicated by the fact that a 
tall oil rosin that meets the Federal 
standards and trade specifications for this 
class must contain not more than 5 per 
cent residual fatty acids. Two alternate 
procedures for determining the resin acid 
content of tall oil rosin—the Wolfe and 
the Linder-Persson methods—gave such 
good agreement that both procedures 
have been included in the proposed 
tentative appended hereto.' Additional 
collaborative work is planned on the 
Linder-Persson method during the com- 
ing year. Another project is the prepa- 
ration of an automatic potentiometric 
titration procedure for use in the meth- 
ods of test for acid number and saponifi- 
cation number of rosin. 

Subcommittee V on Tall Oil (A. Pollak, 
chairman) has participated in the work 
of several subcommittees of Committee 
D-1, with regard to methods for de- 
termining rosin and rosin acids in coating 
materials or in the tall oil fatty acids 
used in the manufacture of industrial 
protective coatings. 

Subcommittee VII on Terpene Hydro- 
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carbons (R. E. Price, chairman) has pre- 
pared a revision of the directions for 
carrying out the several steps in the 
technique of making the so-called poly- 
merization test on turpentine and other 
terpene oils. The results of this study are 
covered by a recommendation for re- 
vision of the turpentine test methods 
referred to earlier in this report. 
Subcommittee IX on Definitions (J. L. 
Boyer, chairman) has prepared and sub- 
mitted for study three new definitions of 
terms relating to naval stores, namely, 
refined tall oil, tall oil fatty acids, and 
rectified turpentine. These definitions are 
being considered for inclusion in the 
Standard Definition of Terms Related to 
Naval Stores (ASTM D 804). The stand- 
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ard definition for sulfate pine oil is also 
under consideration for revision in view 


of recent technical developments in its 
manufacture. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 34 members; 22 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


VE, Grorutscn, 
At Chairman. 
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Committee D-18 on Soils for Engi- 
neering Purposes held its Annual 
Meeting in Atlantic City, N. J., on 
June 19, 1957. A committee meeting 
was also held on December 10, 1957, at 
Mexico City during the Joint Meeting 
of Committee D-18 and the Sociedad 
Mexicana de Mecanica de Suelos. Ex- 
ecutive Committee Meetings were held 
on June 17, 1957, at Atlantic City and 
on January 5, 1958, at Washington, D.C. 

A Soils Session, consisting of seven 
papers, was held during the 1957 An- 
nual Meeting of the Society in Atlantic 
City. These have been published in the 
1957 Proceedings of the Society. Five 
Soils Sessions, consisting of 15 papers, 
were held during the Joint Meeting in 
Mexico City. These papers and related 
discussions have been published in 
both Spanish and English in a separate 
publication by the Society. 

Hogentogler Award.—The Special 
Committee for the Hogentogler Award 
recommended that the award be given 
to Professor D. M. Burmister for his 
paper entitled “Application of En- 
vironmental Testing of Soils.” 

The revision of “Procedures for Test- 
ing Soils” has been completed by the 
Special Committee on Revision of Pro- 
cedures for Testing Soils, and the 
revised procedures are being published 
by the Society. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 ASTM Special Technical Publication, ASTM 
STP No. 232. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 
56, p. 1351 (1956). 
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Committee D-18 now consists of a 
total of 137 individual members and 19 
consultants. There are 107 voting 
members, of whom 20 are classified as 
producers, 38 as consumers, and 49 as 
general interest. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, E. J. Kilcawley. 

First Vice-Chairman, W. S. Housel. 

Second Vice-Chairman, F. J. Converse. 

Secretary, W. G. Holtz. 

Assistant Secretary, A. A. Wagner. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual 
Meeting, Committee D-18 presented to 
the Society through the Administrative 
Committee on Standards the recom- 
mendation that the Tentative Method 
of Test for Load-Settlement Relation- 
ship of Individual Piles Under Vertical 
Axial Load (D 1143 -50T) be revised. 
This recommendation was accepted by 
the Standards Committee on Decem- 
ber 2, 1957, and the revised tentative 
appears in the 1957 Supplement to 
Book of ASTM Standards, Part 3. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
methods as appended hereto or other- 
wise indicated 33 


3The new and revised tentatives appear in 
the 1958 Book of ASTM Standards, Part 4. 
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Tentative Method of Test for: 

Moisture-Penetration Resistance Relations of 
Fine-Grained Soil (Jointly with Committee 
D4 on Road and Paving Materials), 

Density of Soil in Place by the Sand Cone 
Method (Jointly with Committee D-4 on 
Road and Paving Materials), and 

Determination of the Moisture-Density Rela- 
tions of Soils Using a 10-lb Rammer and 
18-in. Drop (Jointly with Committee D-4 on 
Road and Paving Materials). 

Tentative Method for: bes 

Thin-Walled Tube Sampling of Soils,‘ and 

Penetration Test and Split-Barrel Sampling 

a of Soils.® 


. REVISIONS OF TENTATIVE 


M4 The committee recommends revi- 
sions of the Tentative Method of Test for 
Moisture-Density Relations of Soils (D 
698 — 57 T)‘ as indicated in the 1958 Re- 
port of Committee D-4° and continua- 
tion of the method as tentative. DK ° 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the 
Society: 


Standard Method of Preparing Soil 
Samples for Grain-Size Analysis and 
Determination of Subgrade Soil Con- 


stants (D 421 39): 


Title-—Revise the title to read 
“Standard Method of Dry Preparation 
of Soil Samples for Grain-Size Analysis 
and Determination of Soil Constants.” 

Section 1,—Insert the word “dry” 
before “preparation” and delete the 
word “subgrade.” 


41957 Supplement to Book of ASTM Stand- 
ards, Part 3. 
51955 Book of ASTM Standards, Part 3. 
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Section 2 (c).—Delete the No. 200 
sieve in the tabulation in this section. 

Section 3.—In Paragraph (a) replace 
the word “mechanical” with the word 
“grain-size.” 

In Paragraph (6) revise the first four 
lines to read: “(b) Tests for Soil Con- 
stants. For the tests for the soil con- 
stants, material passing the No. 40 
sieve is required in total amount of 
270 g, allocated as follows:” 

Section 6.—Delete the word “sub- 
grade” in the title and in the last line 
of this section. 


Standard Method of Test for Specific 
Gravity of Soils (D 854 — 52):° 


Section 3 (a).—In line 4 revise “of 
50 ml” to read “of at least 50 ml.” 

Section 5.—In Paragraph (6) change 
the last sentence to read as follows: 


Samples of clay soils containing their natural 
moisture content shall be dispersed in distilled 
water before placing in the flask, using the 
dispersing equipment specified in Method 
D 422. 


New Nolte.—Add a new Note 2 fol- 
lowing Paragraph (c) to read as fol- 
lows, numbering the present note as 
Note 1: 


Note 2.—The minimum volume of slurry 
that can be prepared by the dispersing equip- 
ment specified in Method D 422 is such that a 
500-ml flask is needed as the pycnometer. 


REAPPROVAL OF STANDARD 


The committee recommends the re- 
approval of the Standard Methods of 
Surveying and Sampling Soils for High- 
way Subgrades (D 420-50) which has 
stood for more than six years without 
revision. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
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tinuation without revision of the fol- 
lowing standards: 


Tentative Methods of: 


Grain-Size Analysis of Soils (D422-54T), 

Testing Soil-Bituminous Mixtures (D915 - 
47 T), and 

Soil Investigation and Sampling by Auger 
Boring (D 1452 —- 56 T). 


Tentative Method of Test for: 


Liquid Limit of Soils (D 423 - 54 T), 

Plastic Limit and Plasticity Index of Soils 
(D 424-54T), 

Shear Strength of Flexible Road Surfaces, Sub- 
grades, and Fills by the Burggraf Shear Ap- 
paratus (D 916 — 47 T), and 

Water-Soluble Chlorides Present as Admixes in 
Graded Aggregate Road Mixes (D 1411- 
56 T). 

Tentative Specifications for: 


Materials for Soil-Aggregate Subbase, Base, 
and Surface Courses (D 1241 - 55 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meet- 
ing.® 


ACTIVITIES OF SUBCOMMITTEES 


Special Committee on Revision of 
Procedures for Soil Testing (W. J. 
Turnbull, chairman).—This special com- 
mittee, which consists of the chairmen 
of the R Subcommittees as members, 
and Bonner S. Coffman as secretary, 
held a meeting on June 17 to review 
the introductions for the several parts 
of the procedures and other material 
submitted for the procedures. The 
special committee completed its work 
for this revision during the year. 

Special Committee for Securing Papers 
and Arrangements for the Mexico City 
Meeting (W. G. Holtz, chairman, and 
E. A. Abdun-Nur and T. W. Van 
Zelst, members).—Arrangements were 


6 The letter ballot vote on these recommenda- 
tions was favorable; the results of the ballot are 
on record at ASTM Headquarters. 
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made and 15 papers secured from U. S. 
and Mexican engineers for the Joint 
Meeting of ASTM Committee D-18 
and the Sociedad Mexicana de Me- 
canica de Suelos, which was held during 
the week of December 8, 1957, at the 
University of Mexico. The committee 
assisted in the review of papers and dis- 
cussions, and has completed its work 
relative to the publication of these 
papers and discussions by the Society.’ 

Subcommittee G-1, Editorial (E. E. 
Bauer, chairman) reviewed the pro- 
posed new tentatives and revisions of 
tentatives and standards referred to 
earlier in the report as well as those 
accepted by the Administrative Com- 
mittee on Standards since the 1957 
Annual Meeting of the Society. 

In addition, the chairman has been 
reviewing editorially the items to be 
published in the Third Edition of 
“Procedures for Testing Soils.” 

Subcommittee G-2 on Special Papers 
(H. Bolton Seed, chairman) has ar- 
ranged for the presentation of 10 papers 
for a 2-session symposium on the sub- 
ject of Soil Mechanics in Highway 
Design and Construction, and 5 papers 
for a General Soils Session on mis- 
cellaneous subjects for the 1958 Annual 
Meeting. 

Subcommittee G-3 on Nomenclature 
and Definitions (C. R. Foster, chair- 
man).—In connection with the revision 
of definitions in the draft of Standard 
Definitions of Terms and Symbols Re- 
lating to Soil Mechanics (D 653 —- 42 T), 
a second joint meeting of the ASCE 
Committee and Subcommittee G-3 was 
held during the year. Revisions agreed 
upon have been incorporated and the 
final glossary has been reproduced and 
distributed to members of Committee 
D-18 for letter ballot approval. It is 
recommended that the revised tentative 
standard replace Definitions D 653 - 
42 T. 
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Subcommittee R-1 on Surface and 
Subsurface Reconnaissance (L. E. Gregg, 
chairman).—The subcommittee  con- 
tinued its work in task groups on the 
preparation of recommended procedures 
for reconnaissance techniques. One 
meeting for reports and discussion was 
held during the year. 

Subcommittee R-2 on Sampling and 
Related Field Testing for Soil Investiga- 
tions (John P. Gnaedinger, chairman) 
held a meeting on June 18, 1957, in 
Atlantic City, N. J. Mr. Gnaedinger 
was appointed chairman to succeed 
Jorj Osterberg who resigned. 

The subcommittee will consider re- 
visions of Methods D 420 and D 1452 
at the Annual Meeting in 1958. The two 
proposed tentative methods, for Pene- 
tration Tests and Split-Barrel Sampling 
of Soils and for Thin-Walled Tube 
Sampling of Soils, referred to earlier in 
the report, were submitted by Subcom- 
mittee R-2. 

The subcommittee is also preparing 
"a method for core boring and a method 
for vane shear testing. It is hoped that 
some action can be taken on these two 
methods at the meeting of the subcom- 
mittee in June 1958. 

Subcommittee R-3 on Physical Char- 
acteristics of Soils (E. E. Bauer, chair- 
man) recommended revisions of Stand- 
ard Methods D421 and D 854. The 
subcommittee revised the Tentative 
Method of Test for Moisture-Density 
Relations of Soils (D 698-57 T) and 
recommended for publication the pro- 
posed Tentative Method of Test for 

Moisture-Penetration Resistance Rela- 
tions of Fine-Grained Soils and the pro- 
posed Tentative Method of Test for 
-Moisture-Density Relations of Soils Us- 
‘tani 10-lb Rammer and an 18-in. Drop. 

_ The cooperative research program to 
determine the best methods of test for 
- maximum and minimum densities of 


TS) 


granular soils is continuing in Sec- 
tion D. 

Work is continuing on a proposed 
Tentative Method of Wet Preparation 
of Soil Samples for Grain-Size Analysis 
and Determination of Soil Constants. 

Subcommittee R-4 on Physical Prop- 
erties of Soils (Norman W. McLeod, 
chairman).—Subcommittee R-4 is pri- 
marily concerned with the capillary and 
permeability characteristics of soils. 
Since ASTM does not have standard 
methods for measuring either of these 
soil properties, Subcommittee R-4 is 
presently endeavoring to develop test 
procedures for measuring the permea- 
bility of coarser textured soils, and the 
capillarity of sands and fine textured 
soils, that can be offered for considera- 
tion as standard tests. 

Subcommittee R-5 on Structural Prop- 
erties of Soils (D. M. Burmister, chair- 
man).—The activities of this subcom- 
mittee for the past year were confined to 
a review and study of the suggested 
methods of test under this subcom- 
mittee’s jurisdiction in the 1950 Pro- 
cedures for Testing Soils, and to making 
recommendations for fourteen suggested 
methods in the 1958 revision. 

It is proposed to write methods of 
tests for consolidation, direct shear, and 
triaxial testing for the coming year, 
covering both apparatus and load ap- 
plying machines, considering the range 
of presently used types of apparatus 
without limiting a test procedure to a 
single type or size of apparatus. 

Subcommitiee R-7 on Identification 
and Classification of Soils (A. A. Wag- 
ner, chairman).—The subcommittee re- 
viewed and approved four suggested 
methods for classification of soils which 
will appear in the Revised Edition of 
Procedures for Testing Soils. 

Initial steps will be taken during the 
coming year toward the adoption of 
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ASTM standards for the classification of 
soils. 

Subcommittee R-8 on Special and 
Construction Control Tests (H. F. Clem- 
mer, chairman).—The subcommittee 
held one meeting during the year. 

Section A on Base Courses and Sub- 
grades for Highways and Airports has 
done considerable work on the Cali- 
fornia Bearing Ratio method of test for 
bearing of soils. It is hoped to have 
this method ready for presentation at 
the next meeting. In addition, the sec- 
tion has under consideration other 
methods of determining the bearing 
values of soils. 

Section B on Earth Dams and Em- 
bankments is considering a method of 
test for density-in-place by the rubber 
balloon method and expects to have it 
ready for presentation soon. 

Section C-1 on Cements has approved 
the following proposed methods of test: 
(1) Making and Curing Soil-Cement 
Compression and Flexure Test Specimens 
in the Laboratory, (2) Flexure Strength 
of Soil-Cement Using a Simple Beam 
with Third Point Loading, (3) Compres- 
sion Strength of Soil-Cement Using Por- 
tions of Beams Broken in Flexure (Modi- 
fied Cube Method), and (4) Compression 
Strength of Molded Soil-Cement Cyl- 
inders. 

Subcommittee R-9 on Dynamic Prop- 
erties of Soils (R. K. Bernhard, chair- 
man).—The bibliography appended to 
the 1953 Symposium on “Dynamic 
Testing of Soils” is being kept up to 
date by sending the titles of any old or 
new publications on Soil Dynamics not 
included in this bibliography to the 
chairman of Subcommittee R-9. 

A second draft on Definition of Terms 
Referring to Soil Dynamics was re- 
vised according to suggestions made to 
the subcommittee. It is intended to 
discuss this draft during the Annual 
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Meeting in June 1958 at Boston, and 
its submission as a proposed tentative 
standard. 

Reports on some research projects 
currently under way may be presented 
at the next meeting of Subcommittee 
R-9 in June 1958. 

Subcommittee R-11 on Pile Load- 
Bearing Tests (W. S. Housel, chair- 
man).—Subcommittee R-11 completed 
the revision of Method D 1143. Further 
study of the method is in progress, 
covering possible changes on which 
action was not completed this year. 
Three other tentative methods are under 
consideration for tests on batter pile 
frames, lateral load on single vertical 
piles or anchors, and a pull test of 
single vertical piles. Increasing interest 
in the work of the committee has been 
expressed by new members of Com- 
mittee D-18 and several new members 
have been added. 

Joint D-4 and D-18 Subcommittee on 
Tests and Specifications for Stabilized 
Soils (H. F. Clemmer, chairman).— 
The Joint Subcommittee submitted the 
following proposed new tentatives: Pro- 
posed Method of Test for Determining 
the Density of Soil in Place by the Sand 
Cone Method; Proposed Method of 
Test for Moisture Density Relations of 
Soils Using a 10-lb Rammer and an 
18-in. Drop; and Proposed Method of 
Test for Moisture-Penetration Resist- 
ance Relations of Fine-Grained Soils. 
The Tentative Method of Test for 
Moisture-Density Relations of Soils 
(D 698-57 T) has been revised. The 
joint subcommittee recommends that 
the Tentative Methods D915, D 916, 
and D 1411, and Tentative Specifica- 
tions D 1241 remain as tentative pend- 
ing further consideration for revision. 

The subcommittee is balloting on the © 
four soil-cement test methods referred to 
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earlier in the report under Subcommittee 
C-1. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 106 voting members; 78 
members returned their ballots, of 
whom 75 have voted affirmatively and 
1 negatively. 


REPORT OF COMMITTEE D-18 


-Eprtoriat Note 


Respectfully submitted on behalf of 
the committee, 


E. J. 


time 
Chairman. 


Secretary. agob 
Dewlivero 


rf Subsequent to the Annual Meeting, Committee D-18 presented to the Society al 

through the Administrative Committee on Standards revisions of the Tentative Defini- 5 
: tions of Terms and Symbols Relating to Soil Mechanics (D 653 - 42 T). The revisions wn 
¥ were accepted by the Standards Committee on September 9, 1958, and the revised —_— 


ul ‘tentative definitions appear in the 1958 Book of ASTM Standards, Part 4. 
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and its subcommittees held meetings on 
June 19 to 21, 1957, in Atlantic City, 
N. J., and on January 13 to 15, 1958, 
in New Orleans, La. 

A Symposium on the Determination 
of Dissolved Oxygen in Water,! spon- 
sored by Committee D-19, was presented 
on June 20, 1957, in Atlantic City, N. J., 
during the Annual Meeting of the 
Society. The Symposium on Industrial 
Water and Industrial Waste Water, 
sponsored by the committee and pre- 
sented at the Second Pacific Area 
National Meeting, September, 1956, was 
published in 1957 as ASTM STP 
No. 209. 

A Symposium on Radioactivity in 
Industrial Water and Industrial Waste 
Water, sponsored by Committee D-19, 
will be presented on June 26, 1958, in 
Boston, Mass., during the Annual Meet- 
ing of the Society. The following papers 
are to be included: 


“Radioactivity and Purity Control of APPR 
Primary Water,” by A. L. Medin, Alco Prod- 
ucts, Inc. 

“Radioactive Waste Processing and Control 
at the Shippingport Atomic Power Station,”’ 
by S. F. Whirl and J. A. Tash, Duquesne Light 
Co. 

“Test Methods for Radiation Hazards in 
Industrial Water,” by C. J. Munter, Hagan 
Chemicals and Controls, Inc. 

“Analysis for Radionuclides in Aqueous 
Wastes from an ‘Atomic’ Plant,” by B. Kahn, 
Massachusetts Institute of Technology; D. W. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
1 Issued as separate publication ASTM STP 
No. 219. 
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S. A. Reynolds and J. H. Handley, Oak Ridge 
National Laboratory. 

“The Analysis of Environmental Samples for 
Radionuclides,” by D. L. Reid, General Electric 
Co. 


Two symposia, to be sponsored by the 
committee, are in preparation for pres- 
entation in 1959: “Symposium on 
Water-Formed Deposits,” for the Annual 
Meeting of the Society in June; and 
“Symposium on Technical Develop- 
ments in the Handling and Utilization of 
Water and Industrial Waste Water,” for 
the Third Pacific Area National Meeting 
in October. 

The Manual on Industrial Water, 
Fourth Printing of the First Edition 
(ASTM STP No. 148-C) was published 
in 1958. This printing includes all tenta- 
tives and standards under the jurisdic- 
tion of the committee accepted by the 
Society through September, 1957. 

The Society’s representatives to the 
Joint Committee on Uniformity of Meth- 
ods for Water Examination (J;CUMWE) 
submitted various methods to that com- 
mittee. That committee will submit 
recommendations to the Society for 
securing uniformity with methods pub- 
lished by other organizations. 

The committee regrets the death of 
two of its valued members: Frank N. 
Alquist, of the Dow Chemical Co., who 
served as chairman of Subcommittee VI 
on Corrosivity and Performance Test- 
ing; and L. C. Flickenger, of Youngstown 
Sheet and Tube Co., who served as a 
member of various task groups and as 
chairman of one. 
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_ The 1958 Max Hecht Award citation 
and certificate will be presented on June 
26 to Dr. Frederick R. Owens. 

The committee consists of 134 mem- 
bers. There are 7 subcommittees, with 
63 task groups among them. The task 
groups are making studies on 25 projects 
that, when completed, will be offered as 
proposed methods for acceptance as 
tentative, and 36 projects for proposed 
revisions of published tentatives and 
standards of the committee. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Max Hecht. 

Vice-Chairman, Frank E. Clarke. 

Vice-Chairman, F. R. Owens. © 

Secretary, O. M. Elliott. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee D-19 presented to the 
Society through the Administrative 
"Committee on Standards the recom- 
mendations for revisions of Tentative 
Methods of Test for Iron in High Purity 
Water (D 1497 -57 T) and for accept- 
ance as tentative of the Proposed Method 
of Test for Oxidation and Reduction 
Potential of Industrial Water and In- 
dustrial Waste Water (D 1498 — 57 T). 
These recommendations were accepted 
by the Standards Committee on Septem- 
ber 13, 1957, and the methods appear 
in the 1957 Supplement to Book of 
ASTM Standards, Part 7. 


NEw TENTATIVES 


The committee recommends for pub- 
lication as tentative the following meth- 
ods as appended hereto: 


Methods of Test for: 


Dissolved and Gaseous Hydrogen in Industrial 
Water, 


2 The new and revised tentatives and stand- 
ards appear in the 1958 Book of ASTM Stand- 
ards, Part 10. 
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Dissolved Oxygen in Industrial Waste Water, 
Effect of a Water in Tubular Heat Exchangers, 
and 


Surface Tension of Industrial Water and Indus- 
trial Waste Water. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Methods of Test for Phosphate in In- 
dustrial Water (D515-55T):’ Re- 
vise as appended hereto. 


Method of Identification of Types of 
Microorganisms in Industrial Water 
(D 1128-50 T):* Revise as appended 
hereto.” 


Method of Test for Chemical Oxygen 
Demand (Dichromate Oxygen De- 
mand) of Industrial Waste Water 
(D 1252 55 


Section 6.—Rearrange all reagents al- 
phabetically after changing the title of 
Paragraphs (a) and (c) as indicated 
below. 

Paragraph (a).—Revise the title from 
“Standard Potassium Dichromate Solu- 
tion (0.25 N)” to read “Potassium Di- 
chromate, Standard Solution (0.25 N).” 

Paragraph (c)—Change the title from 
“Standard Ferrous Ammonium Sulfate 
Solution (0.25 N)” to read “Ferrous Am- 
monium Sulfate, Standard Solution 
(0.25 N).” 

Section 8 (a)—Delete the first two 
sentences and replace with the following: 


8. (a) To 25.0 ml of 0.2500 N K2Cr20; solu- 
tion and the necessary dilution water add 
cautiously 75 ml of H2SO,. Cool to room tem- 
perature or lower. To the cooled mixture add 
the sample with thorough mixing (Note 2). 


New Note—Add a new Note 2 to 
read as follows, renumbering the present 
Note 2 and subsequent notes ac- 
cordingly: 


*1955 Book of ASTM Standards, Part 7. 
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_ Nore 2.—If the sample size is less than 50 
ml, it is advantageous to add the necessary 
amount of dilution water to the K2Cr2O; solution 
before the addition of the H:SO, rather than 
diluting the sample to 50 ml. The sample is 
added to the cooled mixture to minimize the 
loss of volatile compounds that may be present. 


Tentative Methods of Test for Odor 
of Industrial Waste Water (D 1292 
53 


Table II1.—From the list of examples 
of Sulfury Odors delete the following: 
“kraft paper, rayon, and cellophane mill 
wastes,” “oil refineries, coffee roasters,”’ 
“rubber curing chemicals,” and “odors 
around synthetic rubber plants.” From 
the list of Unsaturated Odors delete 
“slaughter houses.” 


Method of Test for Hydrazine in In- 
dustrial Water (D 1385-57 T):‘ Re- 
vise as appended hereto.” 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovutT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption standard without 

revision: | 


Tentative Methods of Test for: 


Suspended and Dissolved Matter (Suspended 
and Dissolved Solids) in Industrial Water and 
Industrial Waste Water (D 1069 - 54 T), 

pH of Industrial Water and Industrial Waste 
Water (D 1293 - 55 T), 

Ammonia in Industrial Water and Industrial 
Waste Water (D 1426 - 56 T), and 

Residual Chlorine in Industrial Waste Water 
(D 1427 - 56T). 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following methods and accordingly 
asks for the necessary nine-tenths affirm- 


41957 Supplement to Book of ASTM Stand- 
ards, Part 7. 
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ative vote at the Annual Meeting in 
order that the revisions may be referred 
to letter ballot of the Society: 


Standard Method of Reporting Results 
of Analysis of Industrial Water and 
Industrial Waste Water (D 596 — 55):* 


Section 10 (b).—In the table of con- 
version factors, in the column headed 
“ppm to epm,” revise the following 
factors to read as indicated: 


Ton ppm to epm > 

da 0.00965 
0.05372 

0.01233 
0.00788 


Revise the footnote at the end of the 
table to read, “Based on International 
Atomic Weights, 1955.” 


Standard Method of Test for Iron Bac- 
teria in Industrial Water and Water- 
Formed Deposits (D 932 


Section 6 (a).—Revise to read “6. (a) 
Hydrochloric Acid (1:4)—Mix one 
volume of HCl (sp gr 1.19) with four 
volumes of water.” 

Section 7——Delete the entire section 
and replace with the following: 


7. (a) Samples shall be collected in accordance 
with the applicable method of the American 
Society for Testing Materials, as follows: 


D 510—Sampling Industrial Water, 
D 887—Field Sampling of Water-Formed 
Deposits. 


(b) A 1-pt sample of water should be obtained, 
using a sterile 1-qt bottle. The bottle should 
not be more than half-filled because of the oxygen 
demand of suspended matter which may cause 
the sample to become anaerobic. 

(c) Deposit or mud samples should be trans- 
ferred to a wide-mouth bottle and clear chlorine- 
free water added to cover the deposit. 


Nore.—In mud samples, viable organisms, 
when present, are usually found at the mud- 


water interface. 
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(d) The samples should be protected from 
sunlight and preferably preserved at not over 
75 F during transportation. 


Section 9.—Delete the present para- 
graph and replace with the following: 


9. The report should state “Present”’ or “‘Not 
found, probably absent.” A statement should 
be made as to the relative abundance of organ- 
isms present. A negative report should be made 
only after examination of several slides. 


Methods of Test for Sulfate-Reducing 
_ Bacteria in Industrial Water and 
Water-Formed Deposits (D 993 — 51):* 


Section 8. —Revise Paragraphs (h), 
(i), (7), and (k) to read as follows, re- 
numbering subsequent notes accordingly: 


(kh) Iodine, Standard Solution (0.01 N).— 
Dissolve 0.6346 g of resublimed iodine in a 
solution of 7.5 g of potassium iodide (KI) and 
6 ml of water and dilute to 500 ml in a volu- 
metric flask. Store in dark, glass-stoppered 
bottle. Standardize against 0.01 N Na,S.O; 
solution (Paragraph (j)). 

(t) India Ink. 

(j) Sodium Thiosulfate, Standard Solution 

, (0.01 N).—Dissolve 2.484 g of sodium thiosulfate 
(Na2S.0;-5H,0) in water and dilute to 1 liter in 
a volumetric flask. Determine the exact normal- 
ity by titration against a weighed amount of 
potassium dichromate (K2Cr2O;) (Note 1). 


Nore 1.—If frequent restandardization of 
this solution is to be avoided, it must be stabi- 
lized with an inhibitor. One per cent of potassium 
furoate will limit the decrease in normality to 
less than 2 per cent in one year, over half of this 
decrease occurring in the first month. Four 
tenths per cent of borax has been used for the 
‘same purpose. 

(k) Starch Indicator.—Make a paste of 1 g 
of arrowroot starch or soluble iodometric 
starch in cold water. Pour the paste into 100 ml 
of boiling water and boil for several minutes. 
Store in a glass-stoppered bottle in a cool place. 

- Starch solution prepared in this manner will 
_ remain chemically stable for two or three days. 


Non-Referee Method B—Delete this 


method in its entirety, making the neces 
_ sary changes in Section 1. 


Standard Definitions of Terms Relating 
to Industrial Water and Industrial 
Waste Water (D 1129 — 57): 
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New Definitions.—Insert the following 
new definitions of terms in their proper 
place: 


Backwash.—That part of the operating cycle 
of an ion-exchange process wherein a reverse 
upward flow of water expands the bed, ef- 
fecting such physical changes as loosening 
the bed to counteract compacting, stirring up 
and washing off light insoluble contaminants 
to clean the bed, or separating a mixed bed 
into its components to prepare it for regen- 
eration. 

Industrial Waste Water.—Water discharged 
from an industrial process as a result of 
formation or utilization in that process. 


Nore.—Industrial waste water may have 
been utilized directly or indirectly, such as 
cooling water. Industrial waste water may be 
discharged into other processes, recovery 
systems, natural streams, or other receiving 
bodies. 


Ion Exchange.—A reversible process by which 
ions are interchanged between a solid and a 
liquid with no substantial structural changes 
of the solid. 

Ion-Exchange Capacity.—The weight of 
ions which can be exchanged by a unit volume 
of ion-exchange material. 

Ion-Exchange Material.—An insoluble solid 
that has the ability to exchange reversibly 
certain ions in its structure, or attached to 
its surface as functional groups, with ions in a 
surrounding medium. 

Minimum Determinability.—The lowest 
value that can be determined within the 
stated precision of a method. Minimum de- 
terminability is expressed quantitatively in 
the same dimension that is used for reporting 
results of a test. 


Notre.—Minimum  determinability cor- 
responds to the lower limit of the range of 
quantitative applicability of a method. It does 
approach, but cannot equal or be less than, 
precision of a method. (See Sensitivity.) 


Oxidation-Reduction Potential.—The elec- 
tromotive force developed by a platinum 
electrode immersed in the water, referred to 
the standard hydrogen electrode (D 1498). 

Regeneration.—That part of the operating 
cycle of an ion-exchange process in which a 
specific chemical solution is passed through 
the ion-exchange bed to prepare it for a 
service run. 

Regeneration Level.—The total weight of 

regenerant used per unit quantity of ion- 

exchange material in a single regeneration. 


| 


R< 220 


> 


4 Nore.—Regeneration level is usually ex- 
pressed as pounds of regenerant per cubic foot 

F of fully hydrated ion-exchange material in a 

_ specific ionic form, measured after backwash 
and draining. 


Sensitivity.—The least amount or concentra- 
tion that can be detected, not determined, by 
a method. 


Nore.—A numerical value of sensitivity 
must be less than either precision or minimum 
determinability of a given method and in some 
cases may be only a small fraction of the latter. 
(See Minimum Determinability.) 


2... 


Service Run.—That part of the operating cycle 
of an ion-exchange process in which an in- 
dustrial or test water is passed through a 
bed of the ion-exchange material in order to 
remove specific ions from the water or to 
exchange them for an equivalent amount of 
a specific ion from the bed material. 

Sodium Cycle.—The operation of a cation 
exchange cycle wherein the removal of 
specified ions from the influent water is ac- 
complished by exchange with an equivalent 
amount of sodium ion from the exchange 
material. 

Surface Tension.—A property arising from 
molecular forces of the surface film of all 
liquids which tend to alter the contained 
volume of liquid into a form of minimum 
superficial area. 


Nore.—Surface tension is numerically 
equal to the force acting normal to an imagi- 
nary line of unit length in a surface. It is also 
numerically equal to the work required to en- 
large the surface by unit area. The usual unit 
of measurement is dynes per centimeter. 


Water-Borne Industrial Waste.—A_ water- 
borne substance (solids, liquids, or gases) 
resulting from an industrial operation or 
process and discharged into the water there- 
from. 


Methods of Test for Fluoride Ion in 
Industrial Water and Industrial Waste 
Water (D 1179 —57):’ Revise as ap- 
pended hereto. 

Supporting data for this method are 
given in Appendix I.° 
REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 


5 See p. 408. iy) 
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which have stood for six years or more 
without revisions in substance: 


Methods of Test for: 


Calcium Ion and Magnesium Ion in Industrial 
Water (D 511 - 52), 

Hydroxide Ion in Industrial Water and Indus- 
trial Waste Water (D 514 - 47), 

Total Aluminum and Aluminum [Ion in In- 
dustrial Water (D 857 - 50), 

Manganese in Industrial Water and Industrial 
Waste Water (D 858 - 49), and 

Nitrate Ion in Industrial Water (D 992 — 52). 


Methods of: 


Corrosivity Test of Industrial Water (USBM 
Embrittlement Detector Method) (D807 - 
52), 

Field Sampling of Water-Formed Deposits 
(D 887 - 49), 

Reporting Results of Examination and Analysis 
of Water-Formed Deposits (D 933 - 50), 

Identification of Crystalline Compounds in 
Water-Formed Deposits by X-Ray Dif- 
fraction (D 934 - 52), and 

Corrosivity Test of Industrial Water (NDHA 
Method) (D 935 - 49). 


Specifications for: 
Substitute Ocean Water (D 1141 - 52). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revisions in substance 
of the following tentatives: 


Methods of Test for: 


Chloride Ion in Industrial Water and Indus- 
trial Waste Water (D 512-55 T), 

Silica in Industrial Water and Industrial Waste 
Water (D 859 - 55 T), 

Dissolved Oxygen in Industrial Water (D 888 - 
49 T), 

Iron in Industrial Water and Industrial Waste 
Water (D 1068 - 55 T), 

Sodium and Potassium in Industrial Water 
(D 1127 - 50 T), 

Chloroform-Extractable Matter in Industrial 
Water and Industrial Waste Water (D 1178 - 
54 T), 

Sulfides in Industrial Water (D 1255 -55 T), 

Sulfite Ion in Industrial Water (D 1339 - 54 T), 

Evaluating Acute Toxicity of Industrial Waste 
Water to Fresh Water Fishes (D 1345 — 54 T), 
and 
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Sodium and Potassium Ions in Industrial 
Water and Water-Formed Deposits by Flame 
Photometry (D 1428 - 56 T). 

Tentative Scheme for: 


Analysis of Industrial Water and Industrial 
Waste Water (D 1256 - 53 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
tentatives and standards: 


Tentative Methods of Test for Chloride 
Ion in Industrial Water and Industrial 
Waste Water (D 512-55 


Section 9.—In Paragraph (c) revise 
the title to read “Mercuric Nitrate, 
Standard Solution (0.025 N).” 

Revise the title of Paragraph (d) to 
read “Mercuric Nitrate, Standard Solu- 
tion (0.0141 N).” In the first sentence 
revise “2.5200 g” to read “2.4200 g.” 

Change Paragraph (f) to read as 
follows: 


(f) Nitric Acid (1:49).—Mix 1 volume of 
‘concentrated nitric acid (HNO;, sp gr 1.42) 
with 49 volumes of water. 


Change the title of Paragraph (h) to 
read “Sodium Chloride, Standard Solu- 
tion (0.025 N).” 

Change Paragraph (i) to read as 
follows: 


(i) Sodium Hydroxide Solution (10 g per 
liter) —Dissolve 10 g of sodium hydroxide 
(NaOH) in water and dilute to 1 liter. 


Footnote 6—Change to read as 
follows: 


6 Eastman Kodak No. 4459S diphenylcar- 
bazone and No. 752 tetrabromophenolsulfone- 
phthalein (bromophenol blue) have been found 
satisfactory for this purpose. This diphenyl- 
carbazone 1—- bromophenol blue indicator, is 
covered by U. 8. Patent No. 2,784,064. By pub- 
lication of this method the American Society for 
Testing Materials does not undertake to insure 
anyone utilizing the method against liability for 
infringement of Letters Patent nor assume any 
such liability and such publication should not be 
construed as a recommendation of any patented 
or proprietary reagents or procedure that may be 
involved. 


Section 16.—Change Paragraph (6) to 
read as follows: 


(b) Phenol phthalein Indicator Solution (5 g per 
liter).—Dissolve 0.5 g of phenolphthalein in 50 
ml of 95 per cent ethyl alcohol. Dilute to 100 ml 
with water. 

Revise the title of Paragraph (d) to 
read “Silver Nitrate, Standard Solution 
(0.025 N).” 

Change Paragraphs (e), (f), and (g) 
to read as follows: 


(e) Sodium Chloride, Standard Solution 
(0.025 N).—Dry 1.4613 + 0.0002 g of sodium 
chloride (NaCl) for 1 hr at 600 C, dissolve in 
water, and dilute to 1 liter at 20 C in a volu- 
metric flask (Note 4). 

(f) Sodium Hydroxide Solution (10 g per 
liter).—Dissolve 10 g of sodium hydroxide 
(NaOH) in water and dilute to 1 liter. 

(g) Sulfuric Acid (1:19)—Add 1 volume of 
concentrated nitric acid (H2SO,, sp gr 1.84) to 
20 volumes of water and mix. 


Standard Method of Test for Nitrate 
Ion in Industrial Water (D 992 — 52):° 


Section 7—Reletter Paragraph (a) 
as Paragraph (0b) and revise the title to 
read “Potassium Nitrate, Standard Solu- 
tion.” 

Reletter Paragraph (6) as  Para- 
graph (a). 

Tentative Method of Test for Chloro- 
form-Extractable Matter in Industrial 
Water and Industrial Waste Water 
(D 1178 - 54 

Section 6——Reletter Paragraph (a) 
as Paragraph (5) and change the specific 
gravity of HCl to read “1.19.” 

Reletter Paragraph (6) as Paragraph 
(a) and delete the word “redistilled.” 

Section 10.—Change to read as follows, 
retaining Note 4: 


10. Under the accepted definitions of pre- 
cision and accuracy, values cannot be given 
because of the nature of the material being 
isolated (Note 4). 

Tentative Method of Test for Sulfite 
Ion in Industrial Water (D 1339 - 
54 

Section 6.—-Revise the title of Para- 
graph (a) to read “Starch Indicator 
Solution.” 

Change Paragraph (6) to read as 

| 


follows: | 


! 
{ 


(b) Hydrochloric Acid (1:1).—Mix 1 volume 
of concentrated hydrochloric acid (HCl, sp gr 
1.19) with 1 volume of water. 


Revise the title of Paragraph (d) to 
read ‘‘Potassium Iodate, Standard Solu- 
tion (1 ml = 1 mg Na»SO;).” 

Section 8—Change the first sentence 
to read “Pour 10 ml of HCI (1:1) into 
a 250-ml wide-mouth Erlenmeyer flask.”’ 


Tentative Methods of Test for Am- 
monia in Industrial Water and In- 
dustrial Waste Water (D 1426- 
56 


Section 9.—Change Paragraph (c) to 
read as follows: 


(c) Methyl Red Indicator Solution (1 g per 
liter).—Dissolve 0.1 g of water-soluble methyl 
red in water and dilute to 100 ml with water. 


Tentative Methods of Test for Residual 
Chlorine in Industrial Waste Water 
(D 1427 — 56 T):° 


Section 4.—In line 7 of Paragraph (d), 
replace the formula given with the 
words “sodium arsenite.” 

Delete Paragraph (h). 

Reletter Paragraph (i) as Paragraph 
(hk) and change the title to read “Starch 
Indicator Solution.” 


Tentative Methods of Sampling Homo- 
geneous Industrial Waste Water 
(D 1496 — 57 


Section 3 (a).—Revise to read as 
follows, renumbering subsequent Notes 
accordingly: 


3. (a) The terms “industrial waste water’ 
and “water-borne industrial waste” in these 
methods are defined in accordance with the 
Definitions of Terms Relating to Industrial 
Water and Industrial Waste Water (ASTM 
Designation: D 1129), as follows: 

Industrial Waste Water.—Water discharged 
from an industrial process as a result of forma- 
tion or utilization in that process (Note 1). 


Nore 1.—Industrial waste water may have 
been utilized directly or indirectly as cooling 
water. Industrial waste water may be discharged 
into other processes, recovery systems, natural 
streams, or other receiving bodies. 


6 1956 Supplement to Book of ASTM Stand- 
ards, Part 7. 
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Water-Borne Industrial Waste——A _ water- 
borne substance (solids, liquids, or gases) re- 
sulting from an industrial operation or process, 
and discharged into the water therefrom. 


Tentative Method of Test for Iron 
in High-Purity Industrial Water 
(D 1497 — 57 T):* 


Section 10 (d)——Continue the last 
sentence by adding “and make the de- 
termination on the test solution diluted 
to appropriate volume with alcohol.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual nc ll 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Advisory (Max Hecht, 
chairman) administered the operation 
of the committee during the year. This 
included the appointment of symposium 
chairmen and chairmen of Subcom- 
mittees VI and VII; proposals and 
recommendations made to Headquarters 
concerning publications sponsored by 
Committee D-19; and the approval of 
recommendations submitted by the 
other subcommittees, explained in more 
detail in the other subcommittee reports. 

Subcommittee II on Definitions and 
General Specifications (S. K. Love, 
chairman).—Nearly all of the first drafts 
of the chapters have been received for 
the Second Edition of the Manual on 
Industrial Water. An additional chapter 
on radioactivity is in preparation. The 
topical outline of the new chapter was 
distributed to the committee for com- 
ment and letter ballot. 

A Task Group on Uniformity of 
Reagents was organized to reduce the 
number of reagents used in the methods 
of Committee D-19. A draft of so-called 
ground rules is under review. 

The scheme for analysis is being re- 
vised to reflect the new methods that 

7 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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have been placed on the books. A new 
format has been adopted. 

The second draft of a method for cal- 
culation of precision is being reviewed. 

Definitions were approved for indus- 
trial water, minimum determinability, 
oxidation-reduction potential, sensi- 
tivity, surface tension, water-borne in- 
dustrial waste, and eight terms relating 
to cation-exchange procedures. 

Subcommittee III on Methods of 
Sampling and Flow Measurement (E. F. 
Davidson, chairman).—The subcom- 
mittee completed the revision of the 
Tentative Methods of Sampling Homo- 
geneous Industrial Waste Water 
(D 1496-57 T), referred to earlier in 
the report. 

The Task Group on Sampling In- 
dustrial Waste Water has drafted a 
Proposed Method of Sampling In- 
dustrial Waste Water Containing 
Floating Matter. 

Final revisions of Chapter VI, Sam- 
pling and Flow Measurement of In- 
dustrial Water and Waste Water, for 
the Manual on Industrial Water, were 
completed. 

Subcommitiee IV on Methods of Analy- 
sis (F. E. Clarke, chairman).—The 
subcommittee has completed revision 
of the methods for fluoride ion, hydrazine, 
and phosphate ion referred to earlier in 
the report Numerous existing methods 
have been revised to improve over-all 
uniformity of reagent specification and 
composition in the committee’s methods. 
The subcommittee recommended the 
adoption as standard of method 
D 1426-56T. Considerable progress 
has been made in the development of 
new methods for high nitrite, micro 
chloride (colorimetric), lead, nickel, 
copper, zinc, and sulfate. New projects 
have been started on methods for alumi- 
num and referee sulfite and on establish- 
ment of accuracy in existing dissolved 
oxygen test methods. 

Subcommittee V on Methods of Testing 
(A. O. Walker, chairman).—The Task 
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Group on Biological Microscope Methods 
has completed the revisions of Methods 
D 932, D 993, and D 1128. 

The task groups on hydrogen and on 
surface tension have completed their 
assignments and proposed tentative 
methods are appended to the report.? 

The Task Group on the flame 
photometer is working on the revisions 
of the high-purity water procedure to 
increase the usefulness of the method. 
It is expected that the sensitivity of the 
method will be below 1.0 ppb. Revisions 
are being considered of the method for 
water-formed deposits. 

A procedure for electrical conductivity 
will be written incorporating the Power 
Test Code Procedure and added to the 
present method as a non-referee pro- 
cedure. 

Drafts of proposed methods on color 
and turbidity have been prepared. These 
drafts have been submitted to Com- 
mittee E-12 on Appearance for sugges- 
tions and comments. 

A method of measurement of gamma 
activity is being drafted. 

Subcommittee VI on Corrosivity and 
Performance Testing (James K. Rice, 
chairman).—The Task Group on Ion 
Exchange has produced a revised draft 
of a method for the performance testing 
of cation-exchange materials in the 
sodium cycle. This method is to be sub- 
jected to round-robin testing to deter- 
mine the precision and to develop any 
hidden flaws. Work is proceeding con- 
currently on the checking of a method 
of test of cation-exchange materials in 
the hydrogen cycle. 

The Task Group on Tubular Metallic 
Products completed the proposed Tenta- 
tive Method of Test for the Effect of a 
Water on Tubular Heat Exchangers, 
referred to earlier in the report. 

The Task Group on Radioactive 
Tracer Testing has completed a bibliog- 
raphy on radioactive materials in water. 
The bibliography, started by the late 
F. N. Alquist, is complete through the 
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end of 1957 and will be maintained up to 
date with annual supplements. The Task 
Group plans to prepare an index to the 
bibliography. 

The subcommittee is preparing a pro- 
posed Method of Test for the Effect of 
Mechanical Steam Separation of Steam 
Impurities. This proposed method is 
intended for application to steam genera- 
tion in both conventionally-fired and 
nuclear-fired steam generators, and for 
concentrations of less than 0.1 ppm of 
dissolved solids. 

Subcommiliee VII on Industrial Waste 
Water (R. A. Baker, chairman).—A joint 
task group of subcommittees IV and 
VII recommended Method D 1293 - 55 T 
for adoption as standard. Method 
D 1067 — 57 T was continued as tentative 
pending reconciliation of definitions. 

The Task Group on Chromium has 
tested modifications of the perman- 
ganate procedure necessitated by the 
use of harbor water containing organic 
material which caused interference. A 
silver peroxide method will also be con- 
sidered which may circumvent this 
interference. 

The Task Group on Cyanides has 
been continuing round-robin testing of 
the reflux period and the effect of two 
catalysts on precision using the ferro- 
ferrocyanide complex. 

The subcommittee recommended that 
method D 1069-54T be adopted as 
standard. 

Developmental work is under way to 
solve problems created by nitrogen com- 
pounds and chlorides in Method 
D 1252-55 T. The Methods of Tests 
for Dissolved Oxygen in Industrial 
Waste Water’ were recommended to the 
society for acceptance as tentative. A 
method for biochemical oxygen demand 
is being developed. 

The Task Group on Phenols had con- 
sidered a rapid non-referee infrared 
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method for phenol determination, but 
since the analytical instruments re- 
quired are expensive and not available 
to many laboratories the method was 
dropped. Low level round-robin testing 
of the 4aminoantipyrine method for 
phenols is in progress. 

The Task Group on Specific Gravity 
had considered the gravitometer meas- 
urement of specific gravity as a non- 
referee procedure but tests proved 
unfavorable. Method D 1429-56T is 
currently being tested. 

The Task Group on Synthetic Surface 
Active Materials suspended considera- 
tion of the methylene blue and methyl 
green colorimetric procedures pending 
completion of a new short method. 

Method D1292-53T is being re- 
viewed and compared with three other 
procedures. 

Method D 1345-54T was recom- 
mended for adoption as standard. A 
procedure for determination of toxicity 
to diatoms is being developed. 

After changes relating to reagents were 
made, Method D 1427 — 56 T was recom- 
mended for adoption as standard. 

The choice of solvents in Method 
D 1340-56 is under study. Method 
D 1178-54 T is being compared with 
procedures developed by other technical 
groups for possible consolidation. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 134 members; 73 members 
have returned their ballots, of whom 
70 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
Max HEcar, 
Chairman. 


O. M. ELtiott, 
Secretary. 
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APPENDIX 


SUPPORTING DATA FOR METHODS OF TEST FOR FLUORIDE ION IN 


INDUSTRIAL WATER AND INDUS 


The effect of many ions is given for 
0.00 ppm fluoride in Table I and for 
1.00 ppm fluoride in Table IT. 

The following concentrations of foreign 
ions were added to four selected fluoride 
standards: 


10 ppm of Al, Fe, Mn, Zn, POQ,, and CN 
10 000 ppm of Cl 


Fluoride Taken, ppm Fluoride Found, ppm 


TRIAL WASTE WATER 


Approximately five hundred natural 
surface and ground water samples of 
varying types have been analyzed by 
the method at one U. S. Geological Sur- 
vey laboratory. Recovery tests applied 
to randomly selected samples have been 
satisfactory. The results of ten tests 
representing widely varied water samples 
are given in Table III. In each case 1.00 


ME ee 0.00 ppm fluoride was added to the water 
iwi sample. Table IV presents values for 
1.94 precision of the methods. 

TABLE I.—EFFECT OF IONS FOR TABLE II.—EFFECT OF IONS FOR 
0.00 PPM FLUORIDE (NON-REFEREE 1.00 PPM FLUORIDE (NON-REFEREE 
METHOD B). METHOD B). 

Fluo- | Fluo- Fluo- Fluo- 
Foreign Ion, ppm Foreign Ion, ppm Foreign Ion, ppm Foreign Ion, ppm | 
ppm ppm ppm ppm 

100 SiOz...... —0.04 0.02 100 SiO2...... 0.97 1.01 
0.0 500 Ca...... 0.00 Al..... 500 Ca...... 1.02 
—0.0 100 Mg..... —0.03 0.97 100 Mg..... 1.00 

1 000 HCO;. . .|—0.04 0.97 | 1 000 HCO;...| 1.01 
0 2 000 HCOQ;.. .|—0.03 0.97 | 2 000 HCO;. ..| 0.97 

0.05 0.00/10 000 Cl. 0.00 0.05 Crt6...| 1.00 000 Cl......} 1.00 
j 1.00 Crt® 0 2 000 NO;..... 0.02 1.0 Crt®....| 0.97 2 000 NO3..... 1.01 

5.00 —0.0 0.03 5.0 Cr**... 1.00 5 PO,. 1.02 
—0.0 10 PO,..... 0.14 0.97 10 PO,..... 1.06 
> 0. 10 CH ..... —0.04 &Cu.......] 1.00 10 CN. 0.96 
—0.0 10 B,O7....| 0.00 1.00 10 B,O;....| 1.00 
0.03 10 (OC))2...| 0.00 10 (OC))2...| 0.97 

TABLE III.—RECOVERY TESTS, 1.00 PPM FLUORIDE ADDED 
(NON-REFEREE METHOD B). 
Init 
Location Fluutide, | | Recovery, 
ppm ppm ppm ppm per cent 
42 0.15 1.15 100 
04 464 HCO;, 389 0.30 1.27 97 
31 Fe, 1.9 0.17 1.15 98 
20 700 SO, , 3 050 1.80 2.80 100 
HCO;, 5 680 1.80 2.75 95 
15 600 SiOz, 109 
Fe, 6.9 
NOs, 254 
4 420 Fe, 9.4 0.15 1.07 92 
Tuscan 21 500 H.S, 172 2.50 3.60 110 
617 0.55 1.55 100 
‘Sistersville, 112 000 Fe, 39 1.10 1.95 85 
Al, 10 
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SUPPORTING DATA FOR FLUORIDE METHODS 


TABLE IV.—PRECISION. 


409 


oly 
Sob 


hh 


Fluoride, ppm Precision, ppm + 
Non-Referee Non-Referee emailer: 
Method | Method B® 

d 
Based on the undiluted samples of 100 fina’ 


for Non-Referee Method A and 10 ml for 
Non-Referee Method B. 

> Additional supporting data pertinent to the 
zirconium-alizarin (Non-Referee Method A) 
given in Appendix I to the 1955 Report ao 
Committee D-19, Proceedings, Am. Soc. . Testing 
Mats., Vol. 55, p. 548 (1955). ' 
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— PLASTICS* 


Committee D-20 on Plastics held three 
meetings during the year: at Atlantic 
City, N. J., on June 17 to 19, 1957; at 
Virginia Beach, Va., on November 20 to 
22, 1957; and at Pittsburgh, Pa., on 
February 24 to 26, 1958. 

The committee consists of 559 mem- 
bers, of whom 218 are classified as pro- 
ducers, 142 as consumers, and 199 as 
general interest members. There are 212 
committee voting members. 

The officers elected for the ensuing 

' term of two years are as follows: 
Chairman, F. W. Reinhart. 
First Vice-Chairman, A. C. Webber. 
Second Vice-Chairman, J. B. DeCoste. 
General Secretary, R. M. Berg. 
Membership Secretary, R. H. Carey. 
The following appointments were 
made: 
Meeting Secretary, B. L. Lewis. 
_ Financial Secretary, F. Y. Speight. 

A new Subcommittee XIII on Sta- 
tistical Techniques was established. It is 
planned to investigate the need for the 
establishment of a new Subcommittee 
on Plastics Tooling (tools made of 
plastics). A procedure for reviewing test 
methods and specifications being pre- 
pared or issued by governmental agen- 
cies and other societies was developed 
and is being used on a trial basis. A re- 
vision of the by-laws is under way. The 

orientation course to indoctrinate new 
By and members has been success- 


ful and will be continued. 
International Standardization Activi- 


4 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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ties—The United States participates in 
the work of Technicai Committee 
ISO/TC 61 on Plastics of the Interna- 
tional Organization for Standardization 
(ISO), through its American Group, C. 
H. Adams, Leader. Representatives from 
the United States attended the seventh 
meeting of ISO/TC 61 on Plastics at 
Biirgenstock, Switzerland, on July 8 to 
13, 1957. Thirty-nine test procedures and 
a group of definitions were dealt with 
during the year. Proposed methods for 
impact strength, thermal stability of 
poly(viny] chloride) compounds, bleeding 
of colorants, and incandescence resistance 
were completed. 

Action was taken on 16 methods of 
test, bringing to 24 the total of Draft 
ISO Recommendations that have been 
developed by the Committee. The most 
significant action of the year was the 
development by ATCO (coordinating 
committee on atmospheric condition- 
ing for testing) of three testing and 
conditioning atmospheres following, in es- 
sence, the recommendations of ISO/TC 
61 made at the Hague in 1956, as follows: 
20 C and 65 per cent RH, 27 C and 65 
per cent RH, and 23 C and 50 per cent 
RH (ASTM Methods D 618). Another 
highlight was the completion of the 
monumental task of compiling a list of 
equivalent terms in French, English, 
and Russian pertaining to plastics tech- 
nology. Work in progress includes: 
methods of test for dynamic properties, 
creep, acetone-soluble matter in phenolic 
molding materials, viscosity of poly- 
amide resins, resistance of plastics to 
fungus attack and standard die design 
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for producing test specimen bars. A 
detailed report on the year’s activity 
may be found in the Magazine of Stand- 
ards, ASA, January 1958. A report of the 
meeting in Switzerland appeared in the 
October 1957 issue of the ASTM But- 
LETIN. 

The 1958 meeting of ISO 61 on Plastics 
will be held in Washington November 3 
to 8. Delegates have been invited to par- 
ticipate in a symposium on plastics test- 
ing and standardization sponsored by 
Committee D-20 preceding the ISO 61 
meeting. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee D-20 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendations listed below. On the dates 
indicated the recommendations were ac- 
cepted by the administrative committee. 
The new and revised tentatives will 
appear in the 1958 Book of ASTM 
Standards, Part 9. 


New Tentative Method of Test for: 

Diffuse Light Transmission Factor of Rein- 
forced Plastic Panels (D 1494 — 57 T) (Ap- 
proved Dec. 13, 1957), 

Vicat Softening Point (D1525-58T) (Ap- 
proved June 18, 1958), 

Bierbaum Scratch Hardness of Plastic Materials 
(D 1526-58 T) (Approved June 18, 1958), 
and 

Tensile Modulus of Elasticity of Thin Plastic 
Sheeting (D 1530-58 T) (Approved June 18, 
1958). 


New Tentative Specifications for: 

Biaxially Oriented Styrene Plastic Sheet 
(D 1463-58 T) (Approved Feb. 28, 1958). 

New Tentative Specifications and Methods of 
Test for: 

Random Chopped Glass Fiber Reinforcing Mat 
(D 1529 — 58 T) (Approved Jume 18, 1958). 

Revision of Tentative Specifications for: 

Polyester Compounds (D1201-52T) (Ap- 
proved Feb. 28, 1958). 
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Revision of Tentative Method of Test for: 


Flexural Properties of Plastics (D 790 - 49 T) 
(Approved June 18, 1958). 


Revision and Reversion to Tentative of Standard: 


Specifications for Urea Formaldehyde Molding 
Compounds (D 705 - 55) (Approved Feb. 28, 
1958), 

Method of Test for Dilute Solution Viscosity of 
Vinyl Chloride Polymers (D 1243 - 54) (Ap- 
proved June 18, 1958), and 

Method of Test for Stiffness in Flexure of 
Plastics (D 747-50) (Approved June 18, 
1958). 

RECOMMENDATIONS AFFECTING 
STANDARDS 

The committee is presenting for pub- 
lication eleven new tentatives and is 
recommending the revision of six tenta- 
tives, the adoption as standard of five 
tentatives, and the reaffirmation of ten 
standards. One proposed method is being 
recommended for publication as informa- 
tion. The new tentatives, the standards 
affected, together with the revisions rec- 
ommended are given in detail in the Ap- 
pendix.! 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Proper- 
ties (C. H. Adams, chairman) prepared a 
revision of the Tentative Method of Test 
for Tensile Properties of Plastics 
(D 638 - 56 T) incorporating changes in 
testing speeds. Work is in progress on a 
method for microtensile testing and on 
revisions to the definitions appended to 
Method D638. Basic research on a 
tensile impact method is continuing as a 
result of an earlier round robin. Film im- 
pact is concerned with projectile and free 
fall techniques. A revision of the Tenta- 
tive Method of Test for Flexural Proper- 

1 See p. 417. 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. ne 
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ties of Plastics (D 790-49 T) has been 
sent to the Administrative Committee 
on Standards. The Tentative Method of 
Test for Determination of Bierbaum 
Scratch Hardness of Plastic Materials 
was prepared, and also the new Tenta- 
tive Method of Test for Tensile Modulus 
of Elasticity of Thin Plastic Sheeting. A 
new method for the blocking resistance 
of films is under study. The subcom- 
mittee revised the Method of Test for 
Stiffness in Flexure of Plastics (D 747 - 
50). Joint jurisdiction with Committee 
D-11 on Methods D 676 and D 1484 has 
yet to be established. Recommendations 
that ‘would make the methods more 
pertinent to plastics have been sent to 
Committee D-11. 

Subcommittee II on Effects of Radia- 
tion (D.S. Ballantine, chairman), a joint 
subcommittee with Committee D-9, was 
reorganized and now contains five sec- 
tions: Section A on Nomenclature and 
Definitions, Section B on Dosimetry, 
Section C on Radiation Exposure 
Methods, Section D on Education, and 
Section E on Research. 

A glossary of nuclear terms and 
definitions, based on the much larger 
ASME glossary, is being prepared for 
possible inclusion in the D-9 and D-20 
Compilations of Standards. A dosim- 
etry method using the widely accepted 
ferrous sulfate chemical dosimeter is 
being completed and will be proposed for 
a round-robin testing program. A 
recommended practice for exposure of 
materials to radiation is being written 
by Section C. A series of lectures has 
been started covering diverse aspects 
of radiation effects. These will be given 
at regular meetings of Committees 
D-9 and D-20, and may be published in 
the future. Section on Research 
has invited suggestions of subjects of 
broad general interest to members of 
ASTM for a future integrated research 
program. 


REPORT OF COMMITTEE D-20 


Subcommittee III on Thermal Proper- 
ties (R. M. Berg, chairman).—A change 
in title for Method D 648 has been 
developed in the subcommittee and 
recommended to committee D-20 for 
adoption. The new title is based on the 
ISO title for virtually the same method, 
and its adoption should facilitate inter- 
national standardization. The ZST (zero- 
strength-time) test has been shown to be 
reliable and reproducible when applied 
to polyethylene, and further work is in 
progress to determine the correlation of 
ZST with intrinsic viscosity and to 
determine the effect of temperature on 
ZST. The flammability section has made 
excellent progress in developing a pro- 
posed tentative method of test for 
measuring the surface flammability of 
plastics using a radiant heat energy 
source. Round-robin testing of methods 
for the flammability of plastic foams 
and for the ignition temperature of 
plastics are in process. Test methods for 
determining the flow characteristics 
of polyethylene utilizing a high shear 
capillary viscometer are being studied. 
Further study of the SPI test for low- 
temperature brittleness of plastic films 
continues. A method of test for the 
Vicat softening point was developed 
and accepted by Committee D-20. A 
new section was formed to standardize 
a method of test for tensile heat distor- 
tion temperature of plastic sheeting. 

Subcommitiee IV on Optical Properties 
(W. E. Brown, chairman) has collected 
visual and instrumental data on clarity 
(see-through) of films, yellowness, and 
hiding power. Visual methods have 
generally confirmed the instrumental 
methods under consideration but will 
not be studied further because of the 
operator variables that appear in sub- 
jective procedures. Although methods 
for each of the above properties have 
been shown to be practical, additional 
interlaboratory work will be necessary 
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to improve reproducibility sufficiently 
to permit writing of tentative methods 
of test. 

Contact has been established with the 
Illuminating Engineering Society Com- 
mittee on Testing Procedures, particu- 
larly for participation in work on hiding 
power. Liaison representation may re- 
sult. 

The Method of Test for Light Trans- 
mission of Corrugated Plastic Panels 
developed by Subcommittee XVIII and 
the Society of the Plastics Industry has 
been reviewed. Agreement was reached 
on nomenclature and on the method of 
test such that the method is acceptable 
in light of basic optical measurements. 

Studies are planned to show the appli- 
cability of Methods of Test for 60-deg 
2-Parameter Gloss. The color difference 
methods developed by Committee D-1 
on Paints will be included in the next 
edition of the Compilation of ASTM 
Standards on Plastics. No further work 
is needed to adapt these methods to 
plastics. 

Subcommiilee V on Permanence Proper- 
lies (B. G. Achammer, chairman) is 
conducting a round-robin test on an 
acrylic plastic base containing a yellow 
dye for use as a fading standard to 
determine equivalent amounts of expo- 
sure in artificial weathering machines. 
A proposed Tentative Recommended 
Practice for Operating Light- and 
Water-Exposure Apparatus (Carbon- 
Arc Type) for Exposure of Plastics and 
Elastomeric Materials was written and 
is being studied. The Tentative Recom- 
mended Practice for Resistance of 
Plastics to Artificial Weathering Using 
Fluorescent Sun Lamp and a Fog 
Chamber (D 1501 - 57 T) was published. 

Revisions of the Tentative Method of 
Test for Resistance to Chemical Rea- 
gents (D 543 — 56 T); Tentative Method 
of Test for Water Absorption of Plastics 


(D 570— 54 T); and Method of Test for 
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Volatile Loss of Plasticizers from Plastic 
Materials (D 1203 — 55), were initiated. 

Two new sections were formed. Sec- 
tion K on Vinyl Staining will develop a 
method of test to determine staining of 
poly(vinyl chloride). One purpose of this 
method will be to determine staining 
of vinyl floor tile. Section M on Effect 
of Microorganisms will develop a method 
for evaluating the resistance of plastics 
to microorganisms. 

Subcommittee VII on General Analyti- 
cal Methods (M. R. Rector, chairman) 
prepared a method for the determina- 
tion of carbon black content of poly- 
ethylene which is to be submitted to 
ballot. In the area of general physical 
properties, revisions are in progress on 
the Tentative Method of Test for 
Measurement of Density of Plastics by 
the Density Gradient Technique (D 
1505) and on Methods of Test for 
Specific Gravity of Plastics (D 792). A 
revision of Method D 1243 for the dilute 
solution viscosity of poly(vinyl chloride) 
was completed. A number of other tests 
on poly(vinyl chloride) resin are being 
developed for incorporation in a specifi- 
cation being written on this resin by 
Subcommittee XV. These include test 
methods on dry blending and plasticizer 
absorption, paste resin viscosity, bulk 
density, electrical properties, fish-eyes, 
and particle size. 

Subcommittee VIII on Research (A. G. 
H. Dietz, chairman) has continued to 
arrange for presentation of papers on 
subjects of current interest to the com- 
mittee. 

At the fall meeting four papers were 
presented: 


“Properties of Flake Glass as Reinforcement 
for Plastics” by John Gibbud of the Owens- 
Corning Fiberglas Corp. 

“A Survey of Statistical Methodology Ap- 
plicable to Environmental Stress Cracking Data 
Analysis” by W. M. Chow and D. E. Gould of 
the Bakelite Co. 

“A New Rheometer for Thermoplastics” by 
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E. H. Merz and R. E. Colwell of the Plastics Di- 
vision, Monsanto Chemical Co. 

“Behavior of Polymethyl Methacrylate Plas- 
tics Under Uniform Load” by Professor F. J. 
McGarry of the Massachusetts Institute of 
Technology. 


At the spring meeting the program was 
as follows: 


“Test Method for Determining Environ- 
mental Stress Cracking Resistance of Films” by 
L. R. Petrone and D. E. Gould of the Bakelite 
Co. 

“The Use of the Torsion Pendulum to Meas- 
ure Crystallinity and Void Content of Objects 
made from TFE-Fluorocarbon Resin” by N. G. 
McCrum of the Polychemicals Dept., E. L. 
duPont de Nemours & Co., Inc. 

“Viscosity-Molecular Weight Relationships” 
by W. E. Gibbs of the Goodyear Tire and Rub- 
ber Co. 


Subcommitiee IX on Molds and Mold- 
ing (G. H. Williams, Jr., chairman) has 
a round robin in progress for the develop- 
ment of an injection molding procedure 
for type 3 polystyrene in Specification 
D 703. Small injection molding machines 
are being studied for the preparation of 
plastic test specimens. Sections B and D 
are coordinating their investigations on 
recommended practices for molding 
phenolic test specimens. 

A new Section on Mold Release is 
being organized and a program for the 
development of a method of test for 
measuring mold release properties is 
planned. 

Subcommittee X on Definitions, Nomen- 
clature and Significance of Tests (By R. 
J. Bourke for P. E. Willard, chairman) is 
continuing to add to and to revise the 
Tentative Definitions of Terms Per- 
taining to Plastics (D 883 — 57 T) and 
Tentative Nomenclature of Descriptive 
Terms Pertaining to Plastics (D 675 
— 57 T) so as to keep definitions and 
nomenclature current. 

Definitions for 20 new terms were 
approved during the year. Revised 
definitions for “Optical Distortion” and 
“Pinhole” were approved for inclusion 
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in Nomenclature D 675. The new 
Tentative Abbreviations of Terms Re- 
lating to Plastics is being recommended 
for publication as tentative. The above 
items are appended to this report. 

Definitions for 19 new terms and 
revisions for 3 existing terms are in 
various stages of consideration. 

Subcommittee XI on Editorial Review 
(G. M. Kline, chairman) is reviewing 
proposed standards and revisions on the 
subcommittee level. This procedure is 
expected to result in an over-all improve- 
ment in the standards. 

Subcommittee XIV on Conditioning 
(G. M. Armstrong, chairman), a joint 
committee with Committee D-9 on 
Electrical Insulating Materials, is work- 
ing on a new revision of Standard 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (D 618 — 54) that will incorporate a 
system of nomenclature similar to that 
used in MIL-P specifications for condi- 
tioning procedures and include changes 
in conditioning atmospheres which will 
bring the standard into essential agree- 
ment with the recommendations of 
ATCO (ISO coordinating committee 
on atmospheric conditioning for test- 
ing). These recommendations have been 
accepted by ISO/TC 61 and IEC/TC- 
15; they have also appeared in recent 
drafts of British and German condition- 
ing standards. 

Subcommittee XV on Thermoplastic 
Materials (A. C. Webber, chairman) has 
sent three new material specifications 
and two revisions to Committee D-20 
letter ballot: Cellulose Propionate Mold- 
ing and Extrusion Materials; Poly- 
methylstyrene Molding and Extrusion 
Materials; Methylstyrene - Acryloni- 
trile Copolymer Molding and Extrusion 
Materials, revision of Specifications 
and Methods of Test for Polychlorotri- 
fluoroethylene Molding and Extrusion 
Materials (D 1430); and the very 
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important revision of Specifications for 
Polyethylene Molding and Extrusion 
Materials (D 1248 - 52 T). 

An extensive revision of the Tentative 
Specifications for Nylon Injection Mold- 
ing and Extrusion Compositions (D 789) 
and a new specification for PTFE Rod 
are completed and ready for subcom- 
mittee ballot. Section work is nearly 
completed on a new specification for 
ABS plastics and styrene-butadiene mold- 
ing and extrusion materials. Section H 
on Vinyl Resins has joined forces with 
Section E of Subcommittee VII to 
develop methods of test needed for 
writing the specification. 

Task groups of Section J on Poly- 
ethylene have been very active, develop- 
ing methods for characterization of 
polyethylene such as the method for 
Dilute Solution Viscosity. After four 
extensive round robins, it has been con- 
cluded that the proposed stress-crack 
method is suitable only for routine in- 
spection and has been published as in- 
formation only. Work on annealing and 
tests for oxidative stability is continuing. 

Subcommittee XVI on Thermosetting 
Materials (G. D. Johnston, chairman) 
has completed a revision of the electrical 
properties of Specifications D 705 — 55. 
A proposed allyl material specification 
is still under consideration. A revision of 
Specifications D 1201 by the addition of a 
type 6 is under consideration. Section E 
on Casting Materials is starting work on 
epoxy materials. 

Subcommittee XVII on Plastic Pipe 
and Fittings (George H. Reed, chairman) 
is a joint activity of the SPI and ASTM 
Committee D-20. The subcommittee 
consists of approximately 120 members, 
who comprise six sections working on 
dimensional and performance require- 
ments and test methods for acrylonitrile- 
butadiene-styrene (ABS), polyethylene, 
rigid poly(vinyl chloride), and cellulose 
acetate butyrate pipe and fittings. 
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The subcommittee has presently estab- 
lished Tentative ASTM Standards on 
ABS Plastic Pipe (IPS Dimensions); 
ABS Pipe (SWP Dimensions), and 
Cellulose Acetate Butyrate Pipe (SWP 
Dimensions). 

A proposed Tentative Method of 
Time-to-Failure of Plastic Pipe under 
Long-Term Hydrostatic Pressure and a 
Proposed Tentative Method of Test on 
Time-to-Failure of Plastic Pipe under 
Short-Term Hydrostatic Pressure are 
presently being circulated by letter 
ballot. 

A proposed Standard on Flexible 
Polyethylene Pipe will shortly be sent to 
letter ballot. 

Agreement has now been reached on 
dimensions for Rigid PVC Pipe and a 
letter ballot on this proposed standard 
will shortly be sent to the membership. 

The development of proposed di- 
mensional standards on each type of 
plastic fitting is now under way within 
Subcommittee XVII. Test methods for 
creep rupture are also being developed 
at this time. 

Subcommitiee XVIII on Reinforced 
Plastics (Ray B. Crepps, chairman) is 
working on a specification for reinforced 
plastic pipe fittings. A tentative specifi- 
cation for woven glass fabric, cleaned 
and after-finished, for plastic laminates 
is nearing the final stages for establish- 
ment as an ASTM method. A Tentative 
Specification and Method of Test for 
Random Chopped Glass Fiber Rein- 
forcing Mat has been approved as an 
ASTM Tentative. Progress is being 
made on the development of methods 
of tests for (a) consistency of liquid 
epoxy and polyester resins, (b) epoxy 
content, and (c) curing characteristics 
of liquid polyesters. 

Subcommittee XIX on Plastic Film and 
Sheeting (T. D. Mecca, retiring chair- 
man) has submitted a specification on 
non-rigid vinyl chloride plastic sheeting 
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for letter ballot. Earlier work on a rigid 
vinyl chloride sheeting specification is 
being reviewed with the intention of 
preparing a draft for subcommittee 
ballot. 

Test methods for impact strength 
and flatness of polyethylene film were 
submitted to Committee D-20 letter 
ballot. It was decided to discontinue 
the preparation of a proposed test 
method of heat sealability. 

A proposed specification is being 
prepared on extruded acrylic sheet for 
which requirements on internal stress 
and strain are being considered. A 
revision of Specifications D 702 on cast 
methacrylate sheet was prepared. 

A specification on biaxially oriented 
polystyrene sheet was accepted by the 
Administrative Committee on Standards 
and a new specification for styrene- 
butadiene sheet is being prepared. 

Subcommittee XX on Cellular Plastics 
(I. J. Stoneback, chairman) during the 
past year has condensed its activities 
into three sections dealing with test 
methods, polystyrene, and nomencla- 
ture. Standards for chemical analysis of 
raw materials for foams, test methods 
for moisture vapor transmission, thermal 


New Tentative Specifications for: 


Plastic Pipe (D 1527 — 58 T), 
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Dimensions of Iron Pipe Size (IPS) Extruded Acrylonitrile-Butadiene-Styrene (ABS) 


Dimensions of Solvent Welded (SWP Size) Extruded Acrylonitrile-Butadiene-Styrene 
(ABS) Plastic Pipe (D 1528 — 58 T), and 
Cellulose Propionate Molding and Extrusion Compounds (D 1562 - 58 T). 


These recommendations were accepted by the Standards Committee on September 9, 
1958. Specifications D 1527 and D 1528 appear in the 1958 Book of ASTM Standards, 
Part 9; Specification D 1562 is available as a separate reprint. 


conductivity, flammability, and coeffi- 
cient of thermal expansion are actively 
under consideration in Section A on 
Test Methods. This section also has 
balloted on methods of testing compres- 
sion, tension, density, and shear. A task 
force in Section E on Polystyrene pre- 
pared and distributed for comment a 
specification on expanded and unex- 
panded beads and polystyrene foams. 
The members are balloting whether to 
split the specification three ways to 
cover expanded beads, foam made from 
beads, and commercially expanded foam. 
Section F on Nomenclature has a number 
of terms under consideration. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 212 voting members; 123 
members returned their ballots, of 
whom 106 have voted affirmatively 
and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
F. W. REINHART, 
Chairman. 
J. B. DeCoste, 
Secretary. 


EpITtoRIAL NOTE 
Subsequent to the Annual Meeting, Committee D-20 presented to the Society 
through the Administrative Committee on Standards the following recommendations: 
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In this Appendix are listed thirteen 
new tentatives and seven proposed 
revisions in certain tentatives which are 
referred to earlier in this report. These 
standards and tentatives which are 
being revised appear in their present 
form in the 1955 Book of ASTM Stand- 
ards, Part 6, or in the 1956 and 1957 
Supplements to Book of ASTM Stand- 
ards, Part 6. 


PROPOSED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for publi- 
cation as information only the Proposed 
Method of Test for Measuring the 
Surface Flammability of Plastics Using a 
Radiant Heat Energy Source, as ap- 
pended hereto.! 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following specifi- 
cations and methods of test as appended 
hereto:? 


Abbreviations of Terms Relating to 
Plastics: 


The designation of plastics and raw 
materials used in plastics by abbrevi- 
ations has become common practice and 
there is a need for standardization. 


1 The proposed method of test appears in the 
1958 Compilation of ASTM Standards on Plas- 
tics. 

2The new and revised tentatives appear in 
the 1958 Book of ASTM Standards, Part 9. 
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RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


Specifications for Glass Fabric Rein- 
forced Epoxy Resin Laminates 


Method of Test for Dilute Solution 
Viscosity of Ethylene Polymers: 


Solution viscosity is recognized as an 
important research and development 
tool for ethylene polymers. It can furnish 
useful information on a series of ho- 
mologous polymers. 


Method of Test for Bearing Load of 
Corrugated Plastics Panels: 


This specification is the outgrowth of 
work started by the Society of The 
Plastics Industry. The objective has 
been to afford information concerning 
panels when fasteners are used in in- 
stallation. 


Method of Test for Carbon Black in 
Ethylene Plastics: 


This method is needed for establishing 
specification requirements on weather- 
resistant grades of black polyethylene. 


Method of Test for Measurement of 
Flatness of Plastics Sheet or Tubing 


Method of Test for Time-to-Failure of 
Plastic Pipe Under Long-Term Hydro- 
static Pressure: 


This method is needed for establishing 
specification requirements on_ plastic 
pipe. The method has been rewritten 
to take into account criticism received 
on a previous Committee D-20 ballot. 
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Method of Test for Short-Time Rupture 
$trength of Thermoplastic Pipe, Tub- 
and Fittings 


Specifications for Nonrigid Vinyl Chlo- 
ride Plastic Sheeting 


Specification for Methylstyrene-Acrylo- 
nitrile Copolymer Molding and Extru- 
sion Material 


Specification for Polymethylstyrene 
Molding and Extrusion Material 


REVISIONS OF TENTATIVES | 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as_ tentative: 


Tentative Method of Test for Tensile 
Properties of Plastics (D 638 — 56 T): 


This revision grew out of a need to 
modify the speed of testing. Other 
changes involving conditioning and 
modulus determination have also been 
made. 

Section 1—Change the words “test 
specimens of standard shape” to read 
“standard test specimens.” 

Section 3—Delete the first paragraph. 

Section 4—Change Paragraph (0) to 
read as follows: 


(b) Extension Indicator.—A suitable instru- 
ment for determining the distance between two 
fixed points located within the gage length of the 
test specimen at any time during the test. It is 
desirable, but not essential, that this instrument 
automatically record this distance (or any 
change in it) as a function of the load on the 
test specimen or of the elapsed time from the 
start of the test, or both. If only the latter is 
obtained, load-time data must also be taken. 
This instrument shall be essentially free of 
inertia lag at the specified speed of testing and 
shall be accurate to +1 per cent of strain or 
better (Note 9). 


Delete Paragraph (d). 


Section 5(e)—Change to read as 
follows: 


(e) If it is necessary to place gage marks on 
the specimen, this shall be done with a wax 
crayon or India ink that will not affect the ma- 
terial being tested. Gage marks shall not be 
scratched, punched, or impressed on the speci- 
men. 


Section 6.—Delete and replace with 
the following: 


6. “Standard” Conditioning Procedure.—The 
test specimens shall be conditioned and tested in 
a room or enclosed space maintained at 23 + 
1 C (73.4 + 1.8 F) and 50 + 2 per cent relative 
humidity in accordance with Procedure A of 
ASTM Method D 618, unless otherwise specified. 


Section 7—Delete Paragraph (d). 
Section 8—Change Paragraph (6) to 
read as follows: 


(b) The speed of testing shall be chosen 
from one of the following: 


Speed A........... 0.05 in. per min 
Seer 0.20 to 0.25 in. per min 
2.0 in. per min 

20 in. per min 


The speed of testing shall be determined by the 
specification for the material being tested, or by 
agreement between those concerned. When the 
speed of testing is not specified, a speed of 0.20 
to 0.25 in. per min shall be used. 


Change Paragraph (c) to read as 
follows: 


(c) If modulus values are being determined, 
the speed of testing shall be 0.20 to 0.25 in. per 
min except for molded or laminated thermoset- 
ting materials which shall be tested at a speed of 
0.05 in. per min (Note 10). Modulus determina- 
tions shall be obtained using separate specimens 
from those used to determine tensile strength and 
elongation whenever the speeds of testing are not 
the same. 


Section 9—Delete Paragraph (a), re- 
numbering the subsequent paragraphs 
accordingly. 

Change Paragraph (d) to read as 
follows: 


(d) If modulus values are being determined, 
the procedure shall be as follows: 

(1) Attach the extension indicator. 

(2) Set the speed of testing at either 0.05 or 
0.20 to 0.25 in. per min (see Section 8(c)) and 
start the machine. 
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(3) Record loads and corresponding deforma- 
tions at appropriate even intervals of strain. 

(4) Record the load carried by the specimen 
when the strain reaches 0.02 and the elapsed 
time from the start of the test until this point 
is reached. If rupture occurs before the strain 
reaches 0.02, record the elapsed time from the 
start of the test until the specimen breaks. 


In Paragraph (d), delete Items (35), 
(6), and (7). 

Change Paragraph (e) and Item (/) 
to read as follows: 


(e) Tensile strength and elongation shall be 
determined by the following procedure: 

(1) Set the speed of testing at either 0.05, 
0.20 to 0.25, 2.0, or 20 in. per min (see Section 
8(6)) and start the machine. 


Section 10.—Change 
to read as follows: 


Paragraph (e) 


(e) Elastic Modulus shall be obtained by ex- 
tending the initial linear portion of the load- 
extension curve and dividing the difference in 
stress corresponding to a certain section on this 
straight line by the corresponding difference in 
strain. The result shall be expressed in pounds 
per square inch and reported to three significant 
figures. 


Explanatory Note 9——Delete the pres- 
ent Note 9 and substitute ‘““NoTe 9— 
Reference is made to Method of Verifi- 
cation and Classification of Exten- 
someters (ASTM Designation: E 83).” 

Explanatory Notes 10, 11, 12, and 
13.—Delete these Notes and replace 
with a new Note 10 to read as follows: 


Note 10.—The lower speed of testing is used 
for molded or laminated thermosetting material 
to insure that the response of the extension indi- 
cated is sufficient for these high modulus ma- 
terials. 

Tentative Nomenclature of Descriptive 
Terms Pertaining to Plastics 
(D 675 -57T): Revise the following 
definitions to read as shown: 

Optical Distortion.—Any apparent altera- 
tion of the geometric pattern of an object 


when seen either through a plastic or as a 
reflection from a plastic surface. 


Pinhole.—Very small hole through a plastic. 


G 
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Tentative Specifications for Cast Metha- 
crylate Plastic Sheet, Rods, Tubes, 
and Shapes (D 702 — 56 T): 


Table II—Change the displacement 
factor (optical), max, to read as follows: 


Type I, | Type II, 
General 
Purpose | Purpose 


Displacement factor (optical), 


max :* 
0.060 to 0.500 in. thickness. 50 50 
0.625 to 1.000 in. thickness. 80 80 


1.125 to 2.000 in. thickness.| 125 125 


This change is proposed because the 
material available commercially does 
not meet the present requirement and 
exception is taken to this requirement 
when supplying sheet under this specifi- 
cation. 


Tentative Definitions of Terms Re- 
lating to Plastics (D883 —-57T): 


Add the following new definitions: 


Vacuum Forming.—A forming process in 
which a heated plastic sheet is changed to a 
desired shape by causing it to flow by reduc- 
ing the air pressure on one side of the sheet. 

Sprue, ”.—(1) The primary feed channel that 
runs from the outer face of an injection or 
transfer mold, to the mold gate in a single 
cavity mold or to the runners in a multiple 
cavity mold. 

(2) The piece formed in a primary feed 
channel or sprue. (See first definition.) 

Runner, n.—(1) The secondary feed channel 
that runs from the inner end of the sprue in 
an injection or transfer mold, to the cavity 
gate. 

(2) The piece formed in a secondary feed 
channel or runner. (See first definition.) 

Telomer, n.—An addition polymer in which the 
growth of the chainlike molecules is inten- 
tionally terminated by radicals supplied by a 
chain transfer agent. 

Specimen, n.—An individual piece or portion 
of a sample used to make a specific test. Spe- 
cific tests usually require specimens of spe- 
cific shape and dimensions. 

Finishing, n.—The removal of defects or the 
development of desired surface characteris- 


tics on plastics products. 
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Melamine Plastics.—Plastics based on resins 
made by the condensation of melamine and 
aldehydes. 

Urea Plastics.—Plastics based on resins made 
by the condensation of urea and aldehydes. 

Epoxy Plastics.—Plastics based on resins made 
by the reaction of epoxides or oxiranes with 
other materials such as amines, alcohols, 
phenols, carboxylic acids, acid anhydrides, 
and unsaturated compounds. 

Autothermal Extrusion.—A method of ex- 
trusion in which the conversion of the drive 
energy, through friction, is the sole source of 
heat. 

Oligomer, n.—A polymer consisting of only a 
few monomer units such as a dimer, trimer, 
tetramer, etc., or their mixtures. 

Fabricating, ».—The manufacture of plastic 
products from molded parts, rods, tubes, 

_ sheeting, extrusions, or other forms by appro- 
priate operations such as punching, cutting, 
drilling, and tapping. Fabrication includes 
fastening plastic parts together or to other 
parts by mechanical devices, adhesives, heat 

_ sealing, or other means. 

Weathering, n.—The exposure of plastics 
outdoors. 

Sample, n.—A small part or portion of a plas- 
tic material or product intended to be repre- 
sentative of the whole. 

Glass Finish.—A material applied to the sur- 
face of glass fibers used to reinforce plastics 
and intended to improve the physical proper- 

ties of such reinforced plastics over that ob- 
tained using glass reinforcement without 
finish. 

Polymethylenic, adj.—Pertaining to a type 
of molecular structure consisting of a series 
of methylene groups. 

Viscosity, n.—The property of resistance to 

flow exhibited within the body of a material. 


5 Nore.—This property can be expressed in 
terms of the relationship between applied 
_ shearing stress and resulting rate of strain 
in shear. Viscosity is usually taken to mean 
_ “Newtonian viscosity,” in which case the 
ratio of shearing stress to the rate of shearing 
strain is constant. In non-Newtonian be- 
havior, which is the usual case with plastic 
materials, the ratio varies with the shearing 
stress. Such ratios are often called the ‘“‘ap- 
parent viscosities” at the corresponding shear- 
ing stresses. (See Viscosity Coefficient.) 


Viscosity Coefficient.—The shearing stress 
necessary to induce a unit velocity flow gra- 
dient in a material. 
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Nore.—In actual measurement, the vis- 
cosity coefficient of a material is obtained 
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from the ratio of shearing stress to shearing 
rate. This assumes the ratio to be constant 
and independent of the shearing stress, a 
condition which is satisfied only by New- 
tonian fluids. Consequently, in all other 
cases, values obtained are apparent and rep- 
resent one point on the flow curve. In the 
metric system, the viscosity coefficient is ex- 
pressed in poises, units being dyne sec per sq 
cm. (See Viscosity.) 


Tentative Specifications for Polyethylene 
Molding and Extrusion Materials 
(D 1248 — 52 T): 


The proposed revision, appended 
hereto,? takes into account new classes of 
polyethylene that have appeared on the 
market. Density has been chosen as the 
primary parameter for classification. 


Tentative Specifications and Methods of 
Test for Polychlorotrifluoroethylene 
Molding and Extrusion Materials 
(D 1430 —- 56 T): 


Table I.—Delete the line ‘Apparent 
molecular weight.*” Revise footnote a 
and add new footnotes b and c to read as 
indicated. The column headed “Grade 
4” shall be replaced with two columns 
as follows: 


Grade 4 | Grade 5 
Specific gravity, 23/23 C 

(73.4/73.4 F), min.....} 2.10 2.10 
Zero strength time, sec*... .|751-2500) >2500 
Solution viscosity, centi- 

Flow index, mg per min’... 
Deformation under load, 

max (at 250 lb, 24 hr, - 

70 + 1C), percent...| 10 
Dielectric constant, max: 

Dissipation factor, max: 


* The material shall be characterized by any 
one of the zero strength time, solution vis- 
cosity, and flow index methods, as specified by 
the purchaser in the contract or order. 

>Solution viscosity measurements in this 
range are extremely difficult. 
© Flow index is insensitive in this range. 


or 
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Section 7—Change the heading of 
Paragraph (d) to read “Zero Strength 
Time.” Change the Note in this para- 
graph to read as follows: 


Norte.—Close control of molecular weight of 
these polymers is necessary because the fabricat- 
ing temperatures are very high and close to the 
point of rapid thermal degradation. The test for 
zero strength time, as described in Paragraph 
(3), is well suited to this type of control, as it is 
rapid, simple, and adaptable to semi-automatic 
operation. 


Change the heading of Paragraph (e) 
to read “Solution Viscosity.” 

Change the heading of Paragraph (f) 
to read “Flow Index.” 


ADOPTION OF TENTATIVES AS STANDARD 
WirHout REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Method of Test for: 
Flammability of Flexible Thin Plastic Sheeting 

(D 1433 - 56 T), and 
Gas Transmission Rate of Plastic Sheeting 

(D 1434-56 T). 

Tentative Recommended Practice for: 
Outdoor Weathering of Plastics (D 1435 - 56 T). 


Tentative Method of: 


Sampling and Testing Plasticizers Used in Plas- 
tics (D 1045 —- 55 T). 

Tentative Specifications for: 

Nonrigid Poly(Vinyl Chloride) and Copolymer 
Molding Materials (D 1432 - 56 T). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 

low gull 


which have stood for six or more years 
without revision: 


Standard Methods of Test for: 

Index of Refraction of Transparent Organic 
Plastics (D 542 - 50), 

Haze and Luminous Transmittance of Trans- 
parent Plastics (D 1003 - 52), 

Surface Irregularities of Flat Transparent 
Plastic Sheets (D 637 — 50), 

Deviation of Line of Sight Through Transparent 
Plastics (D 881 - 48). 


Standard Methods of: 


Measuring Shrinkage from Mold Dimensions of 
Molded Plastics (D 955 — 51), and 

Measuring Changes in Linear Dimensions of 
Plastics (D 1042 - 51). 


Recommended Practice for: 

Molding Specimens of 
(D 956 51), 

Determining Permanent Effect of Heat on 
Plastics (D 794 -— 49), 

Determining Mold Surface Temperature of 
Commercial Molds for Plastics (D 957 — 50), 
and 

Determining Temperature of Standard ASTM 
Mold for Test Specimens of Plastics 
(D 958 — 57). 


Amino Plastics 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Tentative 
Method of Test for Heat Distortion Tem- 
perature of Plastics (D 648-56): 


Title—Change the title of the method 
to read: ‘“Tentative Method of Test for 
Deflection Temperature of Plastics 
Under Load.” 

It is generally agreed that the present 
title is misleading. The new ISO title for 
virtually the same method is much 
clearer and in the interest of inter- 
national standardization and_simplifi- 
cation, Subcommittee III is recom- 
mending the new title based on the 
ISO title be accepted. 
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Committee D-21 on Wax Polishes and 
Related Materials held one meeting 
during the year: at New York City on 
January 21, 1958. In addition, the sub- 
committees met in Cincinnati, Ohio, on 
May 22, 1958. 

Additions and changes during the year 
brought the total membership of the 
committee to 71, of whom 35 are classi- 
fied as producers, 13 as consumers, and 
23 as general interest members, with one 
consulting member. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. W. Walton. 

" Vice-Chairman, J. V. Steinle. 

Secretary, B.S. Johnson. 


i 
-TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Methods of Test for: 


Nonvolatile Matter (Total Solids) in Water- 
Emulsion Waxes (D 1289-55 T),' 

Acid Number (Empirical) of Natural Waxes 
(D 1386-55 and 

Saponification Number (Empirical) of Natural 

_ Waxes (D 1387 - 55 T).! 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (J. T. 
Hohnstine, chairman) is preparing a 
glossary of terms relating to wax polishes. 

Subcommittee II on Raw Materials 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
11955 Book of ASTM Standards, Part 4. 
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(Melvin Fuld, chairman) is working on 
revisions of Tentative Methods D 1386 — 
55 T and D 1387-55 T for the acid 
number and saponification number of 
waxes. An electrometric titration method 
is being investigated. Pending the com- 
pletion of this work, the subcommittee 
recommended that these methods be 
continued as tentatives without change. 
Task groups are preparing additional 
test methods for various properties of 
natural waxes. 

Subcommittee III on Chemical and 
Physical Testing (Gerald DeNapoli, 
chairman) is working on a test method 
for the stability of water-emulsion waxes 
and a method for the determination of 
nonvolatile matter in solvent waxes. 

A task group is investigating methods 
for the determination of silicones in wax 
polishes. 

Subcommittee IV on Performance Tests 
(C. S. Kimball, chairman) is preparing 
methods for testing the water spotting 
and removability of floor waxes. A task 
group is also investigating methods of 
determining the soil resistance of water- 
emulsion waxes. The subcommittee has 
prepared a report on the significance of 
slip tests on floors by the Sigler and 
James machines which will be published 
for information only in the September, 
1958, ASTM But etin. 

Subcommittee V on Specifications (Wil- 
liam Joy, chairman) is preparing a speci- 
fication for industrial type water-emul- 
sion maintenance practices for asphalt 
and mastic floors to be used as a guide 
for future committee work. 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 71 members; 54 members have 
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Respectfully submitted on behalf of 


the committee, 


W. W. WALTON, 
Chairman. 


returned their ballots, of whom 49 voted Bayarp S. JoHNSON, 


affirmatively and 0 negatively. 
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METHODS OF ATMOSPHERIC SAMPLING AND ANALYSIS* 


Committee D-22 on Methods of 
Atmospheric Sampling and Analysis 
held one meeting during the year: on 
September 12, 1957, in New York City 
in connection with the Air Pollution 


Symposium of the American Chemical 
Society. 
The officers elected for the ensuing 
term of two years are as follows: 
Chairman, Leslie Silverman. 
Vice-Chairman, J. Cholak. 
Secretary, A. T. Rossano, Jr. 
A Symposium on Instrumentation in 
Air Sampling and Analysis was held by 
the committee at the 1958 Annual Meet- 
ing of the Society in Boston. 
New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
and recommended practices as appended 
hereto: 

Method for: 

Nitrogen Dioxide and Nitric Oxide Content of 
the Atmosphere (Modified Griess-Ilosvay Re- 
action), 

Oxides of Nitrogen in Gaseous Combustion Prod- 
ucts (Phenol—Disulfonic Acid Procedure), 

Oxidant (Ozone) Content of the Atmosphere, 

Inorganic Fluoride in the Atmosphere, and 

Recommended Practices for: 


Sampling Atmospheres for Analysis of Gases 
and Vapors. 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

'The new and revised tentatives appear in 
the 1958 Book of ASTM Standards, Part 10. 


and their continuation as tentative: 


Tentative Method for Continuous Anal- 
ysis and Automatic Recording of 
Sulfur Dioxide Content of the Atmos- 
phere (D1355-55T):? Revise by 
adding Method B. Electrolysis Method 
as appended hereto.! 


Definitions of Terms Relating to Atmos- 
pheric Sampling and _ Analysis 
(D 1356 — 55 T):? Revise by the addi- 
tion of the definitions appended here- 
to. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Units (F. A. Patty, chairman), prepared 
the revised definitions of terms (D 1356) 
referred to earlier in this report. 

A fourteen-page list of conversion 
units and factors has been completed by 
the subcommittee and referred to the 
entire committee. The comments re- 
ceived are under consideration by the 
subcommittee for revision of this pro- 
posed tentative prior to obtaining a 
ballot on it. 

Subcommitiee II on Sampling (Leslie 
Silverman, chairman) prepared the pro- 
posed Tentative Recommended Prac- 
tices for Sampling Atmospheres for 


21955 Book of ASTM Standards, Part 7. 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Analysis of Gases and Vapors referred 
to earlier in this report. A proposed 
standard relating to dust fall jars 
is in preparation. The proposed stand- 
ard for particle sizing is being re- 
ferred to the subcommittee members. 
The proposed standard for stack sam- 
pling needs only the preparation of 
one table for its completion. Work is 
still to be done on the sampling of 
vegetation and soils. 

Subcommittee III on Analysis (J. 
Cholak, chairman) prepared the method 
for the determination of inorganic 
fluoride in the atmosphere referred to 
earlier in the report. A method on 
fluorides in biological materials is being 
referred to the subcommittee. 

Subcommittee IV on Automatic Sam- 
plers and Recorders (M. D. Thomas, 
chairman).—The paper filtration method 
for aerosol determination is ready for 
subcommittee ballot. Final consideration 
is being given to the Sinclair photometric 
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method and limited consideration has 
been given to the Gucker-O’Konski 
method. 

The oxidant recorder method for 
determination of ozone and other oxi- 
dants (KI reactor) has been completed. 

A fluoride recorder has not been 
developed sufficiently to be a subject for 
an ASTM standard. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 61 voting members; 20 mem- 
bers returned their ballots, of whom 18 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
L. C. McCaBgE, 
Chairman. 
A. T. ROSSANO, JR. 
Secretary. 
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Committee D-23 on Cellulose and 
Cellulose Derivatives held one meeting 
during the year: in New York City on 
September 12, 1957. The Executive Sub- 
committee also met in New York City 
on February 21, 1957. 

The committee consists of 48 members, 
of whom 15 are classified as producers, 
11 as consumers, and 22 as general inter- 
est members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, F. A. Simmonds. 

Vice-Chairman, Kyle Ward, Jr. 


Secretary, W. W. Becher. 1 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto! of the Tentative 
Methods of Testing Sodium Carboxy- 
methylcellulose (D 1439 - 56 T)? and 
continuation of the method as tentative. 


The committee recommends revisions 

as appended hereto! of the Standard 

Method of Test for Moisture in Cellulose 


(D 1348-56)? and reversion of the 
method to tentative. 


REvIsION OF STANDARD AND 
REVERSION TO TENTATIVE 


The recommendations in this report 
have been submitted to letter ballot of 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The revised tentative and standard appear 
in the 1958 Book of ASTM Standards, Part 6. 

21956 Supplement to Book of ASTM Stand- 
ards, Part 4. 
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the committee, the results of which will 
be reported at the Annual Meeting* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Nomenclature and 
Definitions (Kyle Ward, Jr., chairman) 
has prepared a list of definitions for 
117 items. Of this list 44 are satisfactory 
to the subcommittee and will be sub- 
mitted to the entire membership of Com- 
mittee D-23 for approval or comments. 
The remaining 73 items will be revised 
before such reference. A report of the 
subcommittee was given at the 1958 
meeting of the Technical Association of 
the Pulp and Paper Industry and will be 
published in TAPPT. 

Subcommittee II on Cellulose (E. S. 
McColley, chairman) has prepared the 
proposed tentative method for moisture 
in cellulose by the Karl Fischer method 
referred to earlier in this report. 

Task groups on Absorption and Color, 
Cold Alkali Solubility, Chromatographic 
Methods, and Pentosans have prepared 
methods which are being investigated 
by interlaboratory testing; task groups 
on Disperse Viscosity and Molecular 
Chain Length Distribution are engaged 
in preparing methods; and a task group 
on Functional Groups is engaged in 
testing various procedures by a variety 
of methods. 

Subcommittee III on Organic Esters 
(L. B. Genung, chairman) has furnished 
the Task Group on Disperse Viscosity 
of Subcommittee II with a practical 
procedure for deacylation of cellulose 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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esters, for possible inclusion in the vis- 
cosity procedure. A method for the deter- 
mination of hydroxyl in pyridine-soluble 
cellulose esters is available for future 
revisions of D 871 and D 817. 
Subcommittee IV on Inorganic Esters 
(C. B. Gilbert, chairman) is preparing, 
in cooperation with Subcommittee XXV 
of Committee D-1, a single method for 
determination of dilution ratios of cellu- 
lose nitrate, solvents, and diluents, to 
replace Methods D 301 — 56, Section 16, 
D 268-49 T, and D 1134-53. 

Subcommitiee V on Cellulose Ethers 
(R. W. Swinehart, chairman) has pre- 
pared the proposed Tentative Methods 
of Testing Sodium Carboxymethylcellu- 
lose, referred to earlier in this report. 

W. B. Johnson has been appointed 
chairman of a new Task Group on 
Methods for Purified Type of Sodium 
Carboxymethylcellulose. The present 
methods for moisture and viscosity in 
Method D 1439-56 T should be applic- 
able to this type; the degree of etherifica- 
tion method will probably be modified. 
No assay (purity) procedure is con- 
templated. 

E. P. Samsel has been appointed chair- 
man of a task group to prepare methods 
for the analysis of alkyl and hydroxy- 
alkyl ethers. 

Subcommittee VI on Statistics (A. F. 
Johnson, chairman) has analyzed statisti- 
cally the data from interlaboratory com- 
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parisons of (a) the Karl Fischer method 
for moisture in cellulose and (b) the 
assay method for sodium carboxymethy]- 
cellulose. Also, data on the alkali solu- 
bility of cellulose is being analyzed; the 
experimental design for this test was set 
up by Subcommittee VI. 

An information sheet on a variance 
components experimental design, trun- 
cated sampling scheme, has been pre- 
pared and is available to members of 
Committee D-23. 

A formal manual of statistical proce- 
dures was planned several years ago and 
several chapters were completed. Due to 
the availability of general statistical 
literature, no more work is planned; 
however, copies of the individual com- 
pleted chapters may be obtained on 
request to the chairman. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 48 voting members; 29 mem- 
bers returned their ballots, of whom 27 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


F. A. Smmonps, 


Chairman. 


W. W. BeEcKER, 
Secretary. 
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- Committee D-24 on Carbon Black 
held two meetings during the past year: 
in Atlantic City, N. J., on June 20, 1957, 
during the Annual Meeting of the So- 
ciety, and in St. Louis, Mo., on February 
12, 1958, during ASTM Committee 
Week. 

The committee consists of 44 members, 
of whom 11 are classified as producers, 
26 as consumers, and 7 as general inter- 
est members. ’ 

The officers elected for the ensuing 
term of two years are as follows: 
_ Chairman, N. P. Bekema. 

Vice-Chairman, J. F. Svetlik,. 
Secretary, T. D. Bolt. 

Executive Committee Members: I. 
‘Drogin, K. A. Burgess, C. A. Carlton, 
L. G. Mason, R. F. Jones, and S. R. 
Doner. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Physical Tests (J. 
F. Svetlik, chairman) is preparing a 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

11957 Supplement to Book of ASTM Stand- 
ards, Part 6. 


New Tentative Methods of Test for: 
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Discoloration of Benzene by Carbon Black (D 1618 - 58 T), 
Sulfur Content of Carbon Black (D 1619-58 T), and 
Volatile Content of Carbon Black (D 1620 - 58 T). 


vos 
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method of test for mass strength of 
pelleted carbon black. 

Subcommittee II on Chemical Tests (L. 
G. Mason, chairman) has completed 
tentative methods of test for sulfur con- 
tent and for volatile content of carbon 
black. An editorial correction has been 
made in the Tentative Method of Test 
for Iodine Adsorption Number of Carbon 
Black (ASTM Designation: D 1510- 
57 T),! changing the normality of the 
sodium thiosulfate solution from 0.394 
to 0.0394. 

Subcommittee III on Optical Tests (J. 
F. Ambrose, chairman) has completed a 
method of test for discoloration of ben- 
zene by carbon black. 

Subcommitiee V on Sampling (R. O. 
Treat, chairman) is preparing methods 
for sampling bag and bulk shipments of 
carbon black. 


Respectfully submitted on behalf of 
the committee, 


sted 
A. G. CoBBE, writ pe 
Secretary. 


Subsequent to the Annual Meeting, Committee D-24 presented to the Society 
through the Administrative Committee on Standards the following recommendations: 


These recommendations were accepted by the Standards Committee on September 9, 
1958, and the new tentative methods appear in the 1958 Book of ASTM Standards, 
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Committee D-25 on Casein and Simi- 
lar Protein Materials will complete its 
second full year of official existence this 
June. Meetings were held on June 19, 
1957, in Atlantic City, N. J., and on 
June 18, 1958, in Lancaster, Pa. An 
informal discussion meeting was held 
on February 20, 1958, in New York 
City during the TAPPI Meeting. 

The chairman of Subcommittee I on 
Definitions, R. W. Bell, resigned, and 
W. W. Stonebreaker was appointed to 
take his place. J. S. Baker was appointed 
as chairman of Subcommittee II on 
Chemical Tests following the resigna- 
tion of E. G. Stimpson. E. Maynard, of 
the U. S. Gypsum Co., was appointed 
chairman of Subcommittee IV on Physi- 
cal Tests following the resignation of 
L. E. Georgevits. 

The committee consists of 21 mem- 
bers, of whom 6 are classified as pro- 
ducers, 7 as consumers, and 8 as general 
interest members. 

The officers elected for the ensuing 


term of two years are as follows: 


Chairman, H. W. Shader. = 

Vice-Chairman, L. E. Clark, Jr. Lae 

Secretary, L. E. Georgevits. 

Advisory Committee Members-at- 
Large: C. Coriss, W. M. Bain, W. R. 
Willets, and Joseph Brown. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Editorial and No- 
menclature (M. E. Stonebreaker, chair- 
man).—The name of this subcommittee 
has been changed from “Definitions” 
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to the above title. Rather than prepare a 
random list of definitions, the subcom- 
mittee will define terms as they appear 
in the test methods. It will also act as 
the editorial committee on all test meth- 
ods. Methods for sampling procedure 
prepared by Subcommittee II have been 
reviewed, and test methods for determi- 
nation of nitrogen and moisture are pres- 
ently being reviewed. 

Subcommittee II on Sampling (J. C. 
Rice, chairman)—Rather than go 
through a long series of tests on a sam- 
pling plan, it was decided to adopt one 
of the standard sampling procedures. 
The method is now being sent as a letter 
ballot to the full committee. 

Subcommittee III on Chemical Tests 
(J. S. Baker, chairman).—A series of 
interlaboratory tests was made to de- 
termine the moisture content of a sample 
of casein and isolated soya protein. The 
proposed method was found to give 
good results and has been submitted to 
Subcommittee I for review. 

Proposed methods for nitrogen deter- 
mination and moisture have been pre- 
pared and are being reviewed by Sub- 
committee I. No cooperative tests were 
thought necessary. 

Test methods for total ash, fixed ash, 
fat content, free acidity, and total acidity 
have been discussed. There are still some 
controversial points in these methods 
and they are being studied further. 

Subcommittee IV on Physical Tests 
(L. E. Georgevits, chairman).—Inter- 
laboratory tests were made to determine 
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the particle size and viscosity of casein 
and isolated soya protein samples. Poor 
correlation was obtained and the meth- 
ods for both determinations are being 
revised. Samples of standard viscosity 
oils will be sent out to check the Brook- 
field viscosimeters used. A method for 
determining the minimum alkali re- 
quirement and insoluble matter in a 
sample is being studied. 

A method for determining adhesive 
strength based on preparing a paper coat- 
ing and determining its strength with a 
standar Dennison wax is being studied. 

Subcommittee VI on Research (L. E. 
Clark, Jr., chairman)—Various quali- 
tative tests for distinguishing casein and 
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isolated soya protein have been pre- 
sented; one quantitative test has been 
suggested, but no committee work has 
been done on this project. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 21 members; 12 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. W. SHADER, 
Chairman, 
L. E. GEORGEvVITs, 


Secretary. 
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LEATHER* 
The. ALCA-ASTM Committee on of all methods passing through the 


Leather (joint with American Leather 
Chemists’ Assn.) held two meetings dur- 
ing the year: on October 17 and 18, 1957, 
in Cincinnati, Ohio, and on March 27 
and 28, 1958, in New York City. 
The officers elected for the ensuing 
term of two years are as follows: 
Chairman, Joseph R. Kanagy, 
Vice-Chairman, B. L. Lewis. 
Secretary, Charles W. Mann. 
New TENTATIVES 
The committee recommends for pub- 
lication as tentative the following 
methods as appended hereto! 


Tentative Method of: 


Conditioning Leather and Leather Products for 
Testing, and 

Test for Corrosion Produced by Leather in 
Contact with Metal. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature, De/i- 
nitions, and Applicability (R. M. Lollar, 
chairman) is reviewing test methods in 
regard to definitions and applicability. 
Particular attention is being given to 
statements of significance and precision 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 3 

1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 6. 

2 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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committee. 

Subcommittee II on Sampling and 
Conditioning for Physical Testing (C. W. 
Mann, chairman) prepared the proposed 
Tentative Method for Conditioning 
Leather and Leather Products for Test- 
ing referred to earlier in this report. 
Also in preparation is a method for sam- 
pling side leather; methods will also be 
prepared for sampling small skins. 

Subcommittee III on Physical Testing 
(G. A. Butz, chairman): 

Section 2 on Physical Dimensions 
(J. Naghski, chairman) is preparing a 
proposed method for measuring thickness. 

Section 3 on Tensile Properties (R. L. 
‘Young, chairman) is working on methods 
for tensile strength; stitch tear, double 
hole; and breaking strength; small ball 
burst strength; and elongation. 

Section 4 on Measurement of Water 
Resistance (R. G. Ashcraft, chairman) 
has prepared a method for static water 
absorption which awaits further informa- 
tion on significance and precision. A 
method for dynamic water penetration 
resistance of upper leathers has been 
prepared and awaits further data on 
significance and precision. Work is under 
way on methods for spray testing of 
garment leather, dynamic water absorp- 
tion of light leathers, and penetration 
resistance of glove leathers. 

Section 5 on Surface Characteristics 
(Robert Stubbings, chairman) is pre- 
paring a method for cold flex testing and 
one for the flex testing of finish on up- 
holstery leathers. Also being studied are 
methods to evaluate crocking, flex test- 
ing of finish on side upper leather, a 
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light fastness test for leather, and a 
scuff resistance test for leather. 

Section 7 on Mechanical Leathers (Mis- 
cellaneous Properties) (A. N. Compton, 
chairman) prepared the proposed Tenta- 
tive Method of Test for Corrosion Pro- 
duced by Leather in Contact with 
Metals and is working on a method for 
oil and air permeability of leather cup 
packings. 

Section 8 on Deterioration Effects (S. 
S. Kremen, chairman) is working on 
methods to evaluate the perspiration 
resistance of insole leather and white 
upper leathers. 

Section 10 on Miscellaneous Physical 
Properties (A. N. Kay, chairman) is 
working on methods to determine the 
following characteristics of leather: pipe, 
stiffness, and compressibility. 

Subcommittee IV on Research (M. M. 
Baldwin, chairman) is compiling a list 
of current research on test methods both 
within the committee and by the leather 
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industry in general. This committee is 
recommending to the Advisory Com- 
mittee areas for research on new test 
methods and is preparing for ASTM a 
list of suggested research projects which 
might be carried out by students. 

Subcommittee V on Editorial (T. 
Thorstensen, chairman) has concerned 
itself principally with the proper form 
and organization for presentation of 
test methods. 


This report has been submitted to 
letter ballot of the committee which 
consists of 66 members; 54 members 
returned their ballots, of whom 32 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. R. Kanacy, 
Chairman. 
M.H. Battles, 
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METHODS OF TESTING* 


Committee E-1 on Methods of Test- 
ing held two meetings during the year: 
at Hoboken, N. J., on December 13, 
1957; and at Philadelphia, Pa., on April 
17, 1958. Seventeen subcommittees and 
tasks groups met during the 1957 Annual 
Meeting of the Society. 

Meetings were held of fourteen E-1 
subcommittees and task groups during 
ASTM Committee Week, in St. Louis, 
Mo., from February 9 to 14, 1958. 

Meetings of the following subcom- 
mittees were held in New York, N. Y., 
on October 24 and 25, 1957: Subcom- 
mittee 17 on Thermometers, Subcom- 
mittee 18 on Hydrometers, and 
Subcommittee 21 on Metalware Labora- 
tory Apparatus. 

Mr. J. R. Townsend found it neces- 
sary to resign as Chairman of Com- 
mittee E-1 because of his many duties 
as Special Assistant in the Office of the 
Assistant Secretary of Defense. In ac- 
cepting Mr. Townsend’s resignation, the 
committee adopted a resolution express- 
ing the best wishes of the committee 
in his new assignment, and recorded with 
appreciation the many contributions and 
services which Mr. Townsend made to the 
work of Committee E-1 during his long 
association with it and especially during 
the past ten years as its chairman. 

At the April 17 meeting, the follow- 
ing officers were elected for the ensuing 
term of two years: 

Chairman, A. C. Webber, and 

Vice-Chairman, D. E. Parsons. 

Subcommittee 23 on Volatility has 


* Sixty-first Annual Meeting of the Society, 


STP No. 234. 
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been discontinued until such time as — 
there is an indicated need for again 
undertaking active work on this subject. 

Task Groups F and I have been 
established as permanent subcommit- 
tees, namely, Subcommittee 30 on Bend 
Testing, and Subcommittee 31 on 
Laboratory Balances. 

Committee E-1 is sponsoring a Sym- 
posium on Particle Size Measurement! 
during the 1958 Annual Meeting of the 
Society. This Symposium which com- 
prises fifteen papers will be held in 
three sessions on June 26 and 27. 

The Instrument and Apparatus In- 
dustry Luncheon at the Annual Meeting 
on Thursday, June 26, is being spon- 
sored by Committee E-1. 

Plans are under way for a Symposium 
on Methods and Techniques of Light 
and Electron Microscopy to be held at 
the 1959 Annual Meeting under the 
auspices of Subcommittee 28 on Micros- 
copy. Mr. F. F. Morehead, American 
Viscose Co., is chairman of the Sym- 
posium Committee. 

Consideration is being given to un- 
dertaking work on a thermal conduc- 
tivity test for metals, provided there 
is sufficient interest among other Society 
committees to collaborate on this proj- 
ect. 

A Survey Committee on Bimetallic 
Thermometers (R. D. Thompson, chair- 
man) reported that while there appears 
to be some interest in this subject, it is 
not sufficient to justify further study or 
the creation of a task group at this 
time. 


1 To be issued as separate publication ASTM 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual 
Meeting, Committee E-1 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Methods of: 


Test for Rockwell Hardness and Rockwell 
Superficial Hardness of Metallic Materials 
(E 18-55 T), and 

Tension Testing 
(E 8-54T). 


Revisiom of Tentative Definitions: 


of Metallic Materials 


With Procedures Relating to Conditioning and 

Weathering (E 41 - 48 T). 

Revision of Tentative Specifications for: 
Weighing and Drying Apparatus for Micro- 

chemical Analysis (E 124-56 T). 

The revision of Tentative Methods 
E 18-55 T was accepted by the Stand- 
ards Committee on November 1, 1957 
and appears in the 1957 Supplement to 
Book of ASTM Standards, Parts 1 and 
2. The revision of Tentative Methods 
E8-—54T was accepted on December 
26, 1957 and appears in Part 1 of the 
1957 Supplement. The revision of 
Tentative Definitions E41-48T was 
accepted on December 23, 1957 and is 
set forth on yellow stickers provided 
with Parts 3, 4, 5, 6 and 7 of the 1957 
Supplement. The revision of Tentative 
Specifications E124-56T was ac- 
cepted on December 23, 1957 and ap- 
pears in Parts 3, 4 and 5 of: the 1957 


Supplement. 
NEw STANDARD, 


IMMEDIATE ADOPTION 
The committee recommends that the 
Specifications for. Distillation Equip- 
ment, as appended hereto,’ be approved 
for reference to letter ballot of the 
2 The new and revised tentatives and stand- 


ards appear in the 1958 Book of ASTM Stand- 
ards. 
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Society for adoption as standard, and 
accordingly requests the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the specifications 
may be referred to letter ballot of the 
Society. 

These specifications had been pub- 
lished as information in an Appendix to 
the 1957 Report; they cover distillation 
equipment used in six ASTM methods 
of test. They were prepared jointly by 
Subcommittee 19 on Glassware Labora- 
tory Apparatus and Subcommittee 21 on 
Metalware Laboratory Apparatus. 


NEw TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
specifications and methods, as ap- 
pended hereto:? 

Specifications for Pensky-Martens Closed Flash 

Tester, and 


Method for Determination of Poisson’s Ratio 
at Room Temperature. 


REVISION OF TENTATIVES 
The committee recommends revisions, 


as indicated, of the following tentatives 
and their continuation as tentative: 


Definition of Terms Relating to 
Methods of Mechanical Testing 
Revise as appended 
hereto:?-4 


In addition to a number of changes 
in the present definitions, there have 
been added definitions of terms covering 
fatigue and bend tests. 


Specifications for Cell-Type Oven with 
Controlled Rates of Ventilation 
(E 95 52 


Section 2—Add the following sen- 
tence to Paragraph (a): “The cells 
shall not be constructed of copper or a 
copper alloy.” 


31955 Book of ASTM Standards. 
4 See Editorial Note, p. 442. 
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TABLE I.—PROPOSED CHANGES IN PRECISION THERMOMETER 
SPECIFICATIONS. 
ASTM Thermometer No......... 62C 62F 63C 63F 64C 64F 
Temperature Range............ —38 to | —36 to —8 to 18 to 25 to 77 to 
+2C +35 F +32 C 89 F 55 C 131 F 
374 to 384 mm 374 to 384 mm 374 to 384 mm 
Bottom of Bulb to 
Graduation Line at........... | -31F | -5C | 23F | 77F 
77 to 98 mm 77 to 98 mm 115 to 135 mm 
Bottom of Bulb to | | | 
Graduation Line at........... oc | +32F | +30C | 86F 55C | 131F 
M6 oa ctadancccees 307 to 330 mm 307 to 330 mm 324 to 344 mm 
Expansion Chamber shall permit 
55 C 130 F 80 C 175 F 105 C 220 F 
ASTM Thermometer No......... 65C 65F 66C 66F 67C 67F 
Temperature Range............ 50 to 122 to 5 to 167 to 95 to 203 to 
80 C 176F 105 C 221 F 155 C 311 F 
pS re 374 to 384 mm 374 to 384 mm 374 to 384 mm 
Bottom of Bulb to | 
Graduation Line at........... 50C | 122F 75C 167 F 95C | 203F 
ere 115 to 1385 mm 115 to 135 mm 115 to 135 mm 
| | 
Bottom of Bulb to | 
Graduation Line at........... 80 C 176 F 105 C | 221 F 155 C 311 F 
324 to 344 mm 324 to 344 mm 324 to 344 mm 
Expansion Chamber shall permit 
130 C 265F | 155C 310 F 180 C 355 F 
ASTM Thermometer No......... esc | 68F 69C | 69F 70C 70F 
Temperature Range............ 145 to | 293to | 195to | 383to | 295to | 563 to 
| 205 C 401 F 305 C 581 F 405 C 761 F 
| 
pe eve | 374 to 384 mm 374 to 384 mm 374 to 384 mm 
Bottom of Bulb to | | 
Graduation Line at........... 145C | 293F 195 C 383 F 295 C 563 F 


115 to 135 mm 


115 to 135 mm 


115 to 135 mm 


Bottom of Bulb to 


Graduation Line at........... | 205C | 401F 305 C 581 F 405 C 761 F 
pS eee 324 to 344 mm 324 to 344 mm 324 to 344 mm 
Expansion Chamber shall permit | | 
230C | 445F | 330C | 625F | | 


@ The expansion chamber is provided for relief of gas pressure to avoid distortion of the bulb 
at higher temperatures. It is not for the purpose of joining mercury separations, and under no cir- 


cumstances should the thermometer be heated above the highest temperature reading. 


ver “A we 


a 
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Change the first sentence of Para- 
graph (6) to read: “The design of the 
oven shall be such that heated air enters 
one end of the cell, and is exhausted 
from the other end of it without being 
recirculated.” Add the following sen- 
tence at the end of Paragraph (0): “The 
design shall also permit the cells to be 
cleaned easily after each test.” 


Method for Determination of Young’s 
Modulus at Room Temperature 
(E 111-55 


Section 1—Add the following sen- 
tence at the end of this section: “The 
method is limited to materials in which 
creep is negligible compared to the 
strain produced immediately upon load- 
ing.” 
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bore smaller than this is not to be re- 
garded as an expansion chamber.” 

Glass Ring—Add requirements for 
the glass ring, that, when specified, the 
outside diameter of the glass ring shall 
be not more than the diameter of the 
stem, and the inside diameter not less 
than 2 mm. 

Thermometers 1C, 1F, 2C, 2F, 3C, 3F. 
—Revise the requirements for the three 
general ASTM partial immersion ther- 
mometers as shown in the accompanying 
Table II. 

Thermometers 2C, 2F, 7C and 7F.— 
Add the following requirement for ex- 
pansion chamber: “Expansion chamber 
shall permit heating to not over 400 C 
or 760 F.” 

Thermometers 3C, 3F, 8C, 8F, 10C, 


TABLE II.—PROPOSED CHANGES IN GENERAL PARTIAL IMMERSION 
THERMOMETER SPECIFICATIONS. 


ASTM Thermometer No................ 


1C | iF 


2C | 2F 3C | 3F 


Bottom of Bulb to Graduation 


317 to 327 mm 


150 C | 302 F 
268 to 287 mm 


385 to 395 mm 408 to 418 mm 


49 C | 120 F 
354 to 383 mm 


300 C | 752 F 
329 to 358 mm 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following four standards and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot, of the 
Society: 


Standard Specifications for ASTM 


Thermometers (E 1 — 57):° 


Section 2.—Add the following at the 
end of Note 1: “The expansion chamber 
is an enlargement at the top end of the 
capillary bore which shall have a ca- 
pacity equivalent to not less than 20 
mm of unchanged capillary. Any en- 
largement at the top end of the capillary 

5 1957 Supplement to Book of ASTM Stand- 
ards. 


10F, 11C, 11F, 70C and 70F.—Add a 
footnote to read as follows: 

“The expansion chamber is provided for 
relief of gas pressure to avoid distortion of the 
bulb at higher temperatures. It is not for the 
purpose of joining mercury separations; and 
under no circumstances should the thermometer 
be heated above the highest temperature read- 
ing.” 

Precision Thermometers——Revise the 
requirements for precision thermometers 
62 C to 70 F as shown in the accompany- 
ing Table I. 


Hardness Conversion Table for Car- 
tridge Brass (E 33 —42),’ for Steel 
(E 48 — 47),° and for Nickel and High- 
Nickel Alloys (E 93 - 52): 


The committee recommends that 
these three hardness conversion tables 
be combined and the text revised in ac- 
cordance with the Standard Hardness 
Conversion Tables for Metals (Rela- 


| 
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tionship Between Brinell Hardness, 
' Diamond Pyramid Hardness, Rockwell 


Hardness, and Rockwell Superficial 
Hardness), as appended hereto.” 


ADOPTION OF TENTATIVES AS STANDARD 
WitH REVISION 


The committee recommends that the 
following two tentatives be approved 
for reference to letter ballot of the 
Society for adoption of standard with 
revisions as indicated: 


Specifications for ASTM Thermom- 
eters (E 1 -57):° 


Adoption as standard of the following 
tentative thermometer specifications: 


Name ASTM Thermometer No. 
Aniline Point........... 33C, 33F, 34C, 34F, 
35C, 35F 


Butadiene Boiling Point 


Antifreeze Freezing 
| 75F, 76F 
Saybolt Viscosity ...... .| 77F, 78F, 79F, 80F, 
81F 
Fuel Rating............ 82F, 83F, 84F. 85F, 
86F, 87F 


Method of Testing and Standardization 
of Etched-Stem Liquid-in-Glass Ther- 
mometers (E 77 56 T):® 


Section 4 (d)—After the first sen- 
tence, add a new sentence to read, “A 
magnifier of 10 X is recommended for 
visual examination.” 


7 TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends con- 
tinuation without revision of the 
remaining tentatives under its jurisdic- 
tion. 


The recommendations in this report 
have been submitted to letter ballot 


61956 Supplement to Book of ASTM Stand- 
ards, Part 5. 
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of the committee, the results of which 
will be reported at the Annual Meeting.’ 
ACTIVITIES OF SUBCOMMITTEES 
AND TASK GROUPS 

Subcommillee 1 on Calibration of 
Mechanical Testing Machines and Ap- 
paratus (B. L. Wilson, chairman).— 
Editorial changes in the Tentative 
Methods of Verification of Testing 
Machines (E 4-57 T) are under con- 
sideration. Editorial changes in the 
Tentative Method of Verification and 
Classification of Extensometers (E 83 - 
57 T) are also in preparation to em- 
phasize that the method is not a com- 
plete purchase specification, and also to 
include a statement that all ranges of 
multi-range extensometers should be 
verified and classified. At the request of 
Committee D-11 on Rubber and Rub- 
ber-Like Materials, consideration is 
being given to methods for calibrating 
testing machines used for testing rubber 
and textiles. 

Subcommitiee 2 on Effect of Speed in 
Mechanical Testing (W. Ramberg, chair- 
man).—This subcommittee has been 
considering new developments in ap- 
paratus for controlling the speed of 
testing machines, including equipment 
for manual or automatic control of 
strain pacing, load pacing, and cross- 
head pacing over a wide range. Atten- 
tion is being given to present-day needs 
for dual range extensometers with high 
magnification in the elastic range and 
low magnification in the plastic range to 
be used in tests at controlled speeds. 

Subcommittee 3 on Elastic Strength of 
Materials (G. R. Gohn, chairman).— 
Subcommittee 3 completed the revi- 
sions in the Tentative Method for the 
Determination of Young’s Modulus at 
Room Temperature (E 111-55 T) and 
in the Tentative Definitions of Terms 
Relating to Methods of Mechanical 

7 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Testing (E6-54T). New definitions 
pertaining to fatigue and bend testing 
also have been included in the proposed 
revision of Definitions E6. A Task 
Group under H. L. Fry is reviewing 
terms pertaining to creep and relaxation 
testing for possible inclusion. 

A Task Group under Walter Ramberg 
developed the proposed Tentative 
Method for Determination of Poisson’s 
Ratio at Room Temperature. It is now 
engaged in the preparation of a test 
method for the determination of the 
shear modulus in torsion at room tem- 
perature. 

Subcommittee 4 on Tension Testing (F. 
M. Howell, chairman)—A number of 
important changes in the Tentative 
Methods of Tension Testing of Metallic 
Materials (E 8-57 T) were made last 
year. Because further changes are now 
under consideration, these methods are 
being retained as tentative. Considera- 
tion is now being given to the prepara- 
tion of general methods of tension test- 
ing of non-metallic materials. 

Subcommittee 6 on Indentation Hard- 
ness (R. H. Heyer, chairman).—The 
new Standard Hardness Conversion 
Tables for Metals will simplify the addi- 
tion of new conversion tables as needed 
and replace the three existing hardness 
conversion tables for Cartridge Brass 
(E 33), Steel (E48), and Nickel and 
High-Nickel Alloys (E 93). 

The Task Group on Hardness Con- 
versions has under consideration con- 
version tables for copper-beryllium 
alloy strip. Hardness conversion tables 
for aluminum alloys are being studied. 

The Joint Committee for Steel Hard- 
ness-Tensile Conversions, functioning as 
a Task Group of this subcommittee, is 
making excellent progress in its round- 
robin test program to develop data to 
check hardness-tensile conversions for 
steel at high-strength levels. 

The Task Group on Brinell Hardness 
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has prepared a rather extensive revision 
of Methods E 10-54 T which is about 
to be submitted to letter ballot of the 
subcommittee.‘ 

The Task Group on Diamond Pyra- 
mid Hardness is studying errors in 
applying the load in certain weight-lever 
type instruments. 

The Task Group on Rockwell Hard- 
ness is studying corrections for rounds 
in tests using ball indentors. 

Subcommittee 9 on Rheological Prop- 
erties (W. F. Fair, Jr., chairman)—The 
Task Group on Saybolt Furol High- 
Temperature Viscosimeter (R._ R. 
Thurston, chairman) completed its 
work and has been discharged. 

Task Group on Definitions (R. N. 
Traxler, chairman) has completed a re- 
vision of the Standard Definition of 
Terms Relating to Rheological Proper- 
ties of Matter (E 24-42). These re- 
vised definitions will be submitted to 
the Society through the Administrative 
Committee on Standards later this year.‘ 

Task Group on Softening Point (M. 
D. Chamberlain, chairman) is consider- 
ing a procedure for sample preparation 
(by molding) of heat-sensitive resins 
prepared by Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products 
for inclusion in the Tentative Method of 
Test for Softening Point by Ring-and- 
Ball Apparatus (E28-51T). This 
method will be an alternate procedure 
to the pour method and the powder 
method. It is now used routinely in 
some laboratories and has the advantage 
over the powder method of requiring 
only simple laboratory equipment. This 
revision of Method E 28 will be pre- 
sented to the Society through the Ad- 
ministrative Committee on Standards 
after the Annual Meeting.‘ 

Subcommittee 12 on Methods for Den- 
sity (C. T. Collett, chairman) is con- 
sidering a proposed Method of Test for 
Bulk Density of Abrasive Grain which 


— 
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was submitted to the Society by the 
Abrasive Grain Assn. 
Subcommittee 14 on Conditioning and 
Weathering (A. C. Webber, chairman).— 
The chairman attended the meeting in 
= of the ISO Coordinating Commit- 
tee on Atmospheres for Conditioning 
and Testing (ATCO). This advisory 
~~ recommended to the General 
Council of ISO that each ISO Technical 


20 + 2 C and 65 + 5 per cent RH 
23 + 2 Cand 50 + 5 per cent RH 
27 + 2 Cand 65 + 5 per cent RH 


The same tolerances were recom- 
mended for each condition, with the 
provision that closer tolerances (1 C 
and 2 per cent RH) may be applied 
va where required. The addition of these 
conditions, while not providing the 
single standard hoped for, recognizes 
the existence and extensive use of each 
of the conditions and should prevent 
the adoption of other atmospheres for 
normal testing. 
_ The Tentative Definitions with Pro- 
cedures Relating to Conditioning and 
Weathering (E 41 — 48 T), were reviewed. 
While extensive revisions are required, 
an immediate ballot was taken to 
change the temperature tolerance from 
+1.1 C (2 F) to +1 C (1.8 F). This 
recommendation was adopted in 1957. 

The committee discussed the need for 
an E Method covering all methods for 
measurement of Relative Humidity. 
Method D 337, under the jurisdiction 
of Committee D-13 on Textile Ma- 
terials was referred to E-1 Subcom- 
mittee 14 for revision and publication as 
a general method. 

Consideration is being given to a 
proposed revision of the Tentative 


Methods of Test for Measuring Water 


Vapor Transmission of Materials in 
Sheet Form (E 96 - 53 T). 
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Subcommitiee 16 on Thickness Meas- 
urement (S. B. Newman, chairman).— 
The Method of Test for Thickness of 
Electrical Insulation (D 374 — 57 T) was 
revised and reverted to tentative in 1957. 
A revised version with increased scope is 
now being prepared with a view to its 
recommendation for adoption as stand- 
ard. 

Subcommittee 17 on Thermometers (R. 
M. Wilhelm, chairman) submitted 
the revisions in the Specifications for 
ASTM Thermometers (E 1-57) and 
also recommended the adoption as 
standard of the Tentative Method of 
Testing and Standardization of Etched- 
Stem  Liquid-in-Glass Thermometers 
(E77-56T). One of the principal 
changes in the thermometer specifica- __ 
tions is a change in the method of 
dimensioning which applies to the group 
of precision thermometers. A_ similar 
change in the method of dimensioning is 
also under consideration for all of the 
other thermometers in Standard Specifi- 
cations E-1. This important revision in- 
volves (1) specifying all dimensions from 
the bottom of the bulb without changing 
the range span or the location from the 
present values, (2) increase in the over- 
all length as necessary to provide proper 
capillary clearances at the top, and (3) 
changes in the over-all length tolerances 
to facilitate manufacture. 

paper describing studies of 
“Thermal Stability of Glasses in ASTM 
Thermometers” by E. L. Ruh and G. J. 
Conklin is being submitted for con- 
sideration for publication in the ASTM 
BULLETIN.® 

Subcommittee 17 recommended to 
Committee E-1 that the Society adopt 
the practice of using the designation 
“Celsius (Centigrade)” in place of 
“Centigrade.” A brief discussion of this, 
prepared by R. D. Thompson, Secretary 


8 ASTM Bu .tetin, No. 233, Oct., 1958, p. 35 
(TP 217). 


= 
| committee, for which condaivioning wa 
of importance, select its standard at 
mospheres from the following: 
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of Subcommittee 17, will appear in an 
early issue of the ASTM Buttetin.’ 

Subcommittee 18 on Hydrometers (R. 
D. Thompson, chairman)—An_ im- 
portant accomplishment has been the 
completion of the Method for Inspection 
and Verification of Hydrometers 
(E 126-57 T) published last year as 
tentative. 

Efforts at reconciliation of ASTM and 
API hydrometer specifications have 
borne fruit with the adoption by the 
Society of certain dimensional changes 
which are incorporated in the Specifica- 
tions for ASTM Hydrometers (E 100 - 
57 T). The problem of thermometer 
ranges for thermo-hydrometers is still 
under study by the subcommittee. 

The subcommittee has actively par- 
ticipated in the work of ISO/TC 48 on 
Laboratory Glassware and Related Ap- 
paratus in developing specifications for 
specific gravity hydrometers as interna- 
tional standards. This action necessi- 
tgtes changes in certain of the ASTM 
specifications which have been approved 
by the subcommittee subject to con- 
firmation by Committee D-2 on Petro- 
leum Products and Lubricants and 
Committee D-15 on Engine Antifreezes. 

A change in the Methods of Test for 
Specific Gravity of Industrial Aromatic 
Hydrocarbons (D 891-51) has been 
recommended to Committee D-16 on 
Industrial Aromatic Hydrocarbons con- 
cerning the hydrometer specifications in 
that method. 

Additional subjects under study are 
methods for testing hydrometers for 
low-surface tension liquids with specific 
gravities above 1.070, readjustment of 
tolerances for API short-form hydrom- 
eters 21H to 40H, and the need for some 
of the hydrometers in this series.‘ 

Subcommittee 19 on Glassware Labora- 
tory Apparatus (J. J. Moran, chairman) 


® ASTM Buttetin, No. 230, May, 1958, p. 
10. 
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prepared the proposed Standard Speci- 
fications for Distillation Equipment. A 
number of new projects have been re- 
ceived in the last few months and will 
be considered at a meeting to be held 
during the Annual Meeting. 

Subcommitiee 21 on Metalware Lab- 
oratory Apparatus (E. L. Ruh, chair- 
man) prepared the Tentative Specifi 
cations for Pensky-Martens Closed Flash 
Tester in cooperation with Committee 
D-2 on Petroleum Products. These spec- 
ifications will be a companion standard 
to ASTM Method D 93. The proposed 
Standard Specifications for Distillation 
Equipment were prepared jointly with 
Subcommittee 19 and Committee D-2. 
These requirements for distillation ap- 
paratus will supplement the composite 
procedure in ASTM Method D 86. 

Safety requirements proposed by the 
task group for oxygen and peroxide 
bombs have been referred to Committee 
D-2 for consideration. A similar request 
for assistance for rubber aging bomb 
operation received from Committee D-11 
on Rubber Products is now under con- 
sideration. 

Subcommittee 25 on Shear and Torsion 
Tests (R. W. Fenn, Jr., chairman) is 
undertaking a review of requirements 
for shear and torsion tests for the follow- 
ing materials: (1) Ceramic type mate- 
rials, (2) metals and wood, (3) plastics 
and elastomers, (4) sandwich construc- 
tion, spot welded, riveted, and adhesive- 
bonded joints. 

Subcommitiee 27 on Low-Temperature 
Testing of Elastomers and Plastics (R. 
S. Havenhill, chairman)——The fourth 
phase of this subcommittee’s work has 
been completed and is published in a 
paper on “Brittleness Testing of Elas- 
tomers and Plastics,” by A. C. Webber 
in the January, 1958, ASTM BuLtetin. 
The final phase of this work will be a 
report now in preparation comparing 
the hardness, stiffness, brittleness, and 
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rheological tests aud making recom- 
-mendations regarding their use. A report 
on the results of laboratory tests of 
rheological creep of natural and GR-S 


_ rubbers is also in preparation. 


Mathematical equations are being 
studied for the conversion of Shore A 
and’ Rex Hardness versus Olsen, and 
Pusey & Jones instruments. These 
equations will take into account varia- 
tions in creep produced by variation in 
testing temperatures, stocks, and other 
factors. 

Subcommitlee 28 on Microscopy (F. 
G. Foster, chairman)—This subcom- 
mittee is now completing proposed Speci- 
fications and Methods of Tests for Glass 
Covers and Slides used in Microscopy 
_and Specifications for Immersion Fluids 
for Use in Microscopy. After approval 
by committee letter ballot these will 
be submitted to the Society through the 
Administrative Committee on Stand- 
ards. A list of definitions of terms used 
in microscopy is under review. A Sym- 
posium on Microscopy is being planned 
for the 1959 Annual Meeting. 

Subcommittee 29 on Microchemical 
Apparatus (A. Steyermark, chairman). 
—This subcommittee has had three 
meetings at which apparatus used in 
connection with the determinations of 
nitrogen by the micro-Kjeldahl and 
micro-Dumas methods and for the micro- 
carbon-hydrogen test were studied. 
The work on the micro-Kjeldahl appara- 
tus has been completed and is being 
prepared for submission to the Society. 
The work on the micro-Dumas apparatus 
has progressed to the point where recom- 
mendations will be able to be made in 
the near future. Consideration will next 
be given to micro-volumetric glassware. 

Subcommittee 30 on Bend Testing (W. 
H. Mayo, chairman).—The former Task 
Group F has now been established as a 
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subcommittee. Proposed definitions for 
bend test were submitted to Subcom- 
mittee 3 and are incorporated in the © 
current revision of Definitions E 6. | 

A guided bend test designed primarily _ 
for use in testing welds, although it is 
applicable to bend testing of non- 
welded material, is now under study. 
This method has been drafted to be as _ 
consistent as feasible with the provisions — 
of the pertinent sections of the ASME 
Boiler Construction Code, API, and | 
AWS Codes. 

The committee is consideringa method 
covering the general area of bend testing | 
outside of the field involving welding. 
It will be patterned after the Federal 
Test Methods Standards No. 151 for 
Metals, and the ISO drafts of specifica- 
tions for bend testing of steel products. 

Subcommittee 31 on Laboratory Bal- 
ances (L. B. Macurdy, chairman).— 
The former Task Group I has now been 
established as a subcommittee. It has | 
under consideration a series of defini- | 
tions of terms relating to balance and — 
balance performance. It has prepared — 
a classification of balances and is con- 
sidering the critical and significant 
concepts related to the performance of 
balances and the development of appro- — 
priate test methods. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 voting members; 36 
members returned their ballots, of whom 
35 have voted affirmatively and 1 
negatively. 


Respectfully submitted on behalf of 
the committee, 

C. WEBBER, 

Acting Chairman. 


Secretary. 
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Subsequent to the Annual Meeting, Committee E-1 presented to the Society through the Adminis- 
trative Committee on Standards the following recommendations: 


Revision of Tentative Specifications for: 
Hydrometers (E 100 - 57 T). ot’ 


Brinell Hardness of Metallic Materials (E10-54T),and 


Softening Point by Ring and Ball Apparatus (E 28 ~ 51 T). 
Revision of Tentative Definitions of Terms Relating to: T 
Methods of Mechanical Testing (E 6-58 T). 
ai Revision and Reversion to Tentative of Standard Definitions of Terms Relating to: re 
Rheological Properties of Matter (E 24 42). Bal lint 
a’ Revision and Reversion to Tentative of Standard Specifications for: 
__ Sieves for Testing Purposes (Wire Cloth Sieves, Round-Hole and Square-Hole Screens [ 


or Sieves) (E 11 — 39), 


The revisions of E 28 and E 100 were accepted by the Standards Committee on October 20, 1958, 
and the remaining recommendations were accepted on September 9, 1958. All appear in the 1958 
Book of ASTM Standards. 
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Committee E-2 on Emission Spec- 
troscopy held two meetings during the 
| year: in Atlantic City, N. J., on June 19, 

1957, and in Pittsburgh, Pa., on March 
6, 1958. The Executive Subcommittee 
met at these times as well as in New 
York, N. Y., on November 8, 1957. 

The committee prepared a revised 
edition of the book entitled ‘““Methods for 
Emission Spectrochemical Analysis” 
which was published in November, 1957. 

A symposium on Spectrographic Anal- 
ysis for Trace Elements was sponsored 
by the committee at the 1957 Annual 
Meeting of the Society in June. The six 
papers relate to the present status of 
determination of gases in metals, and 
trace elements in metals, plants, soils, 
minerals, and geological materials. They 
were published as ASTM STP No. 221 
in May 1958. 

A symposium on Spectroscopic Light 
Sources is being planned for the 1959 
Annual Meeting of the Society. 

The committee consists of 200 mem- 
bers. This represents an increase of 21 
members since the last annual meeting. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, D. L. Fry. 
~ Vice-Chairman, R. E. Michaelis. 

_ Secretary, Cyrus Feldman. 
SUGGESTED METHOD TO BE PUBLISHED 
AS INFORMATION 

The committee recommends for publi- 

cation as information only the Suggested 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


= REPORT OF COMMITTEE E-2 
ON 


EMISSION SPECTROSCOPY* 


Method for Spectrochemical Analysis of 
Caustic Soda by the Solution - A-C Arc 
Technique, as appended hereto.! 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Definitions for 
Terms Relating to Emission Spectros- 
copy, as appended hereto.? 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Recommended Practice for: 

Photographic Processing in Spectrochemical 
Analysis (E 115 - 56 T), and 

Photographic Photometry in Spectrochemical 
Analysis (E 116-56T). 

Tentative Method for Spectrochemical Analysis of: 
Zinc-Base Alloys and High-Grade Zinc by the 
Solution - D-C Arc Technique (E 27 - 53 T), 
Tin Alloys for Minor Constituents and Impur- 

ities (E 51 - 43 T), 

Aluminum and Aluminum-Base Alloys by the 
Point-to-Plane Spark Technique (E 101-53T), 
and 

Pig Lead by the Point-to-Plane Spark Technique 
(E 117-56T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Apparatus and 
Equipment (A. J. Mitteldorf, chairman) 


1 See p. 446. 

2 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 7. 

3 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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is compiling a summary of the character- 
istics of the various emulsions used 
throughout the world. This group is also 
making plans to test cut film of SA No. 1 
emulsion, and is preparing a report com- 
paring specifications of the various 
modern spectrographs available in the 
United States and Canada. 

Subcommittee II on Fundamental 
Practices (R. W. Smith, chairman) is 
preparing a suggested practice for the 
computation of the precision and ac- 
curacy of spectrographic data. The sub- 
committee is developing a suggested 
recommended basic practice in flame 
photometry and is assembling a bibli- 
ography on flame photometry suitable 
for publication by the Society. A program 
is in progress on testing powder speci- 
mens to determine what information 
should be included in a standard method 
of analysis by X-ray fluorescence tech- 
niques. The subcommittee is also com- 
piling a bibliography on X-ray fluores- 
cence and is making a direct personal 
appeal to the authors of outstanding 
papers to write suggested methods for 
X-ray fluorescence. A further task in 
progress is the compilation of many un- 
solved problems in _ spectrochemical 
analysis. 

Subcommittee III, Editorial (E. B. 
Owens, chairman) has prepared final 
copy for the Regulations for ASTM 
Committee E-2 on Emission Spectros- 
copy and Recommendations for Prepa- 
ration of Spectrochemical Methods and 
has submitted it to ASTM headquarters 
for publication. This subcommittee is 
continually reviewing proposed recom- 
mendations for form of methods and 
recommending changes in the E-2 forms 
to keep in step with the latest ASTM 
procedures. During the past year assist- 
ance was given in the publication of 
three items: (1) the 1957 Annual Report 
of Committee E-2, containing thirteen 
methods, reports, and practices; (2) the 


1957 Revision of Methods for Emission 
Spectrochemical Analysis, containing 
thirty-two items not in the previous 
edition; and (3) the Symposium on 
Spectrochemical Analysis for Trace 
Elements, ASTM STP No. 221. 

The subcommittee proposed recom- 
mended tentative definitions of 27 terms, 
of which 23 were accepted by the com- 
mittee.? These definitions have grown out 
of the Suggested Nomenclature in 
Applied Spectroscopy (SM 3-1), which 
appears in “Methods for Emission 
Spectrochemical Analysis.” The sub- 
committee is working on 30 more defi- 
nitions. 

Subcommitiee IV on Electrodes, Pure 
Materials, Reagents, and Standards (W. J. 
Edgar, chairman) is maintaining a cur- 
rent list of all standards and pure ma- 
terials available throughout the world 
and is preparing a revision of the Tenta- 
tive Recommended Practice for Designa- 
tion of Shapes and Sizes of Preformed 
Graphite Electrodes (E 130 - 57 T). 

Subcommittee V on Copper, Nickel, and 
Their Alloys (A. W. Young, chairman) is 
assisting the National Bureau of Stand- 
ards in preparing copper-alloy standard 
samples and is reviewing Suggested 
Method E-2 SM 5-2 (Spectrochemical 
Analysis of Wrought Copper Alloys by 
the D-C Arc Technique) with a view 
toward establishing it as a tentative. The 
subcommittee is preparing suggested 
methods pertaining to the analysis of 
nickel-base alloys. 

Subcommittee VI on Lead, Tin, Zinc, 
and Related Materials (G. L. Crumrine, 
chairman) is preparing to test coopera- 
tively E-2 SM 6-15 (Zinc Die-Casting 
Metal and High-Purity Zinc by the Cast 
Pin and Point-to-Plane Techniques) to 
determine whether the method can be 
published as tentative. Two new sug- 
gested methods, one pertaining to the 
analysis of zinc, are being reviewed. 


444 REporT OF F-? 


Subcommittee VII on Aluminum, 


Magnesium, and Their Alloys (T. M. 
Hess, chairman) is cooperatively testing 
the Suggested Method for Spectro- 
chemical Analysis of Magnesium-Base 
Alloys by the Point-to-Plane Spark 
Technique (E-2 SM 7-4). A new sug- 
gested method for the spectrochemical 
analysis of magnesium alloys for cal- 
cium by the flame photometer technique 
is being cooperatively tested by five 
laboratories. A new suggested method for 
the analysis of magnesium-base alloys is 
also being reviewed. 

Subcommittee VIII on Titanium, Zir- 
conium, and Related Metals (N. E. 
Gordon, chairman) is considering several 
suggested methods for the analysis of 
zirconium alloys and is working with the 
Materials Branch of the Atomic Energy 
Commission and the National Bureau of 
Standards to obtain zirconium and 
Zircaloy standards. 

Subcommittee IX on Ferrous Alloys (J. 
F. Woodruff, chairman) is setting up co- 
operative test programs for seven differ- 
ent methods prior to their submittal as 
tentatives. The seven methods are as 
follows: 

1. Plain Carbon and Low-Alloy Steel 
7 by the Point-to-Plane Technique, 
_ 2. Plain Carbon and Low-Alloy Steel 

c by the Rod-to-Rod Technique, 

_ 3. Carbon and Low-Alloy Steels by 
‘ the Pellet Technique, 

4, Stainless-Type Steels by the Point- 

: to-Plane Spark-Initiated Intermit- 

; tent Arc Technique Using a Re- 
cording Photoelectric Spectrometer, 

. Stainless-Type Steels by the Point- 
to-Plane Spark Technique Using 
a Clock Indicating Photoelectric 

Spectrometer, 


On Emisst 
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6. Determination of Acid-Soluble 
Aluminum in Low-Alloy Steels by 
the Solution - D-C Arc Technique, 
and 

7. Steel for Boron by the Point-to- 
Plane Intermittent Arc Technique. 

The subcommittee is also reviewing 

two new suggested methods. 

Subcommittee X on Glass, Ceramics, 

Alkalies, and Cementitious Materials (E. 
S. Hodge, chairman) prepared the Sug- 
gested Method for Spectrochemical 
Analysis of Caustic Soda by the Solu- 
tion- A-C Arc Technique mentioned 
earlier in this report. A suggested method 
for the analysis of caustic soda and brine 

as sodium chloride, and a suggested 
method for the analysis of glass for the 
alkaline earth elements are being written. 

Subcommittee XI on Slags, Ores, and 

Other Miscellaneous Nonmetallic Ma- 
terials (R. G. Russell, chairman) is re- . 
viewing the following four suggested 
methods for the spectrochemical analysis f 
of: (1) Blast Furnace and Steel Making 
Slags; (2) Miscellaneous Powder Samples 
by the D-C Arc Technique; (3) Cerium 
Minerals for the Rare Earth Elements 
and Thorium by the D-C Arc Technique, 
and (4) Titanium Oxide by the D-C Arc 
Technique. 


This report has been submitted to letter 
ballot of the committee, which consists 
of 200 members; 119 members returned 
their ballots, of whom 115 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Davin L. Fry, 
Chairman. 


Cyrus FELDMAN, 
Secretary. 


| 


APPENDIX 


_ SUGGESTED METHOD FOR SPECTROCHEMICAL ANALYSIS OF 
ia CAUSTIC SODA BY THE SOLUTION - A-C ARC TECHNIQUE! 


ad) those 
b 
ar 


Scope 


1. This method provides for the deter- 
mination of fourteen impurity elements 
in caustic soda. The concentration ranges 
covered on the basis of anhydrous caustic 
soda are as follows: 


Concentration 
Element Range, ppm 
4 to 300 
0.4to 40 
Summary of Method 


2. The basis of this procedure has 


1This suggested method has no official 
status in the Society but is published as in- 
formation only. The method is based on the 
experience of the submitters. Comments are 
solicited. 

This method is a revision of Suggested 
Method E-2 8M 10-8, which was published in 
‘‘Methods for Emission Spectrochemical Analy- 
sis,” Am. Soc. Testing Mats. (1957). 

2 This suggested method was prepared by the 
following members of Task Group 1 of E-2 Sub- 
committee X on Glass, Ceramics, Alkalies, and 
Cementitious Materials: 

W. H. Koch, Olin-Mathieson Chemical 

Corp., Niagara Falls, N. Y. 
G. Oplinger, Solvay Process Division, Allied 
Chemical & Dye Corp., Syracuse, N. Y. 


446 


SUBMITTED BY TASK Group 1 OF SUBCOMMITTEE X? 
E-2 SM 10-15 


30.8. Duffendack and R. A. Wolfe, ‘‘Analy- 
sis of Caustic Liquors for Traces of Impurities,” 
Industrial and Engineering Chemistry, Ana- 
lytical Edition, Vol. 10, pp. 161-164 (1938). 


Rods 
been reported in the literature.? Samples 
are dissolved or diluted in distilled water. 
To a known weight of sodium hydroxide 
a measured volume of an internal stand- 
ard solution of sodium molybdate is 
added. The solution is then diluted to 
provide a 25 per cent solution of sodium 
hydroxide. A drop of the solution is 
applied to each of a pair of pure graphite 
electrodes and is dried by suitable means 
in an atmosphere of carbon dioxide. The 
electrode pair is excited in an a-c arc, 
and the spectrum is recorded photo- 
graphically. Intensity ratios of analytical 
lines and internal standard molybdenum 
lines are determined photometrically, 
and elemental concentrations are read 
from analytical curves. dil 
Apparatus 

3. (a) Excitation Source—A 2200-v 
noncondensed a-c arc source having a 
controllable current output up to 6 amp. 
The current selected shall be maintained 
constant to +0.1 amp. 

(b) Spectrograph—A spectrograph 
having a reciprocal linear dispersion 
of approximately 5 A per mm at 3200 A. 
In order to record the strontium line at 
4077.71 A at a desirable density level a 
three-step neutral filter, transmitting 
approximately 5, 20, and 100 per cent of 
the incident light, shall be placed at the 


| 
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stigmatic focal point of the spectro- 
graph. 

(c) Developing Equipment.—Develop- 
ing equipment that provides tempera- 
ture control within +1 F and continual 
agitation of the solutions. A plate washer 
and blower-heater drier shall also be 
available. 

(d) Microphotometer—A _ micropho- 
tometer capable of measuring the trans- 
mittance of the spectral lines. 

(e) Calculating Equipment.—A calcu- 
lating board for converting trans- 
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bevelled edge and the surface shall be 
treated by polishing on filter paper, or in 
any suitable manner, to prevent undue 
absorption of the sample. 

(b) Photographic Emulsion.—Eastman 
Spectrum Analysis No. 2, Eastman 
No. 33, or equivalent shall be used. 

(c) Photographic Processing Solutions. 
—The formulas for photographic proc- 
essing solutions are given in the Recom- 
mended Practices for Photographic 
Processing in Spectrochemical Analysis 
(ASTM Designation: E 115).5 


TABLE I.—STANDARD METAL STOCK SOLUTIONS. 


os 0.02 Ca(NOs3)2-4H2O 11.8 


mittance measurements directly into 
log intensity ratios or concentra- 
tion. 


Purity and Concentration of Reagents 


4. The purity and concentration of 
chemical reagents shall conform to the 
requirements prescribed in the Recom- 
mended Practices for Apparatus and 
Reagents for Chemical Analysis of 
Metals (ASTM Designation: E 50).‘ 


Reagents and Materials 

5. (a) Electrodes.—High-purity graph- 
ite rods } in. in diameter and # in. in 
length shall be used. One end of each 
electrode shall be provided with a slightly 


‘Methods for Emission Spectrochemical 
Analysis,”” Am. Soc. Testing Mats., p. 41 (1957). 


(d) Standard Caustic Soda Solution 
(1 ml = 0.64 g NaOH).—Prepare spec- 
trographically pure sodium hydroxide 
(NaOH) by repeated electrolysis of high- 
purity caustic soda in a stationary 
mercury cell made of methyl metha- 
crylate. Alternatively, the purest rea- 
gent-grade NaOH may be used. Adjust 
the concentration to 640 g NaOH per 
liter and store in a polyethylene con- 
tainer. 

(e) Standard Metal Stock Solutions.— 
Prepare standard stock solutions of the 
metals, as indicated in Table I. Dissolve 
in water and dilute to 100 ml in a volu- 
metric flask. 


5“Methods for Emission Spectrochemical 
Analysis,” Am. Soc. Testing Mats., p. 1 (1957). 
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(f) Standard Molybdenum Solution (1 
ml = 0.0004 g Mo) (Note 1).—Dissolve 
12 g of sodium molybdate (Na,.MoQ,- 
2H,0) in water and dilute to 1 liter to 
make a solution slightly stronger than 
required. Standardize according to the 
procedure described in the Recom- 
mended Practices for Apparatus and 
Reagents for Chemical Analysis of 
Metals (ASTM Designation: 50).® 
Dilute the solution to the required con- 
centration. 


Note 1.—The concentration of molybdenum 
may need to be modified, depending on the 
excitation and spectrograph used. The quantity 
for a given procedure must be constant and 
standardized. 


TABLE II.—ALIQUOT VOLUMES 
FOR STANDARDS. 


| Stan Stan- 
|Caustic | Moly orking 
ir Standard Soda | denum |Impurity Wate, 
12 Solu- | Solu- |Solution,| ™ 
~ Fan tion, | tion, ml 
ml ml 
1 (blank)... oP 25 | 10 | O 15 
25 10 0.20 | 14.8 
ea ee 25 10 0.80 | 14.: 
ree 25 10 2.0 13 
eee 25 10 14.0 1 


(g) Standard Working Impurity Solu- 
tion (element concentration = 0.01 of 
Table I concentration).—Combine 1.0-ml 
aliquots of each of the individual metal 
stock solutions (Paragraph (e)) in a 
100-ml volumetric flask, as follows. First 
add 1.0-ml aliquots of all the metal solu- 
tions except the silicon and boron solu- 
tions. Then dilute to about 50 ml with 
water, add 2 ml of concentrated nitric 
acid (HNOs;, sp gr 1.42) and mix well. 
Now add the 1.0-ml aliquots of silicon 
and boron slowly -while swirling the 
solution. Dilute with water to 100 ml and 
mix well. Prepare fresh for use. 


61956 Book of ASTM Methods for Chemical 
Analysis of Metals, p. 31. 
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Preparation of Standards 


6. (a) Synthesized standards, pre- 
pared by adding known quantities of 
impurity solution (Section 5 (g)) te pure 
caustic soda solutions, shall be used. 
Prepare the standards shown in Table II 
in polyethylene bottles, mixing them 
well (Note 2). 


Note 2.—Alkaline solutions stored in poly- 
ethylene bottles are not stable in respect to the 
contained metallic impurities, which “‘plate out”’ 
on the inner walls. Standards and samples should 
be analyzed soon after preparation. Polyethylene 
bottles thus contaminated can be cleaned by 
rinsing with HNO; (1:1) followed by distilled 
water. 


(6) Table III gives the weighis of 
added elements present in 50-ml volumes 
of standards prepared in accordance 
with Paragraph (a) and the concentra- 
tion of the elements in the standards. 


Preparation of Sample 


7. (a) If the sample is anhydrous 
caustic soda, weigh 16.0 g in a poly- 
ethylene beaker, dissolve in a minimum 
of water, add 10.0 ml of molybdenum 
solution (1 ml = 0.0004 g Mo), and mix 
well. Transfer to a polyethylene bottle, 
dilute to 50 ml with water, and mix well 
(Note 2). 

(6) For 50 per cent caustic soda 
liquors, weigh a 32.0-g sample and pre- 
pare as in Paragraph (a). 

(c) For other concentrations, deter- 
mine the sodium hydroxide (NaOH) 
content and use a weight of sample 
equivalent to 16.0 g NaOH. Prepare as 
in Paragraph (a). 


8. (a) Place pairs of the prepared 
electrodes (Section 5 (a@)) in a suitable 
tray or plate (stainless steel, nickel, etc.). 
On the polished end of each of the pair 
of electrodes, place a drop of the pre- 
pared sample solution. Prepare the pairs 
in triplicate. Dry the electrodes in an 
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TABLE III.—ELEMENT WEIGHTS AND CONCENTRATIONS IN STANDARDS.* 
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atmosphere of carbon dioxide, either in 
an oven or over a micro burner. 

(b) Place the electrode pair vertically 
in the arc stand so that the ends bearing 
the dried sample are nearly in contact. 
During the preburn adjust the position 
of the arc on the optical axis of the spec- 
trograph. Set the analytical gap width 
to 2 mm. 


REpoRT OF CoMMITTEE E-2 (APPENDIX) 


Nore 3.—In order to record the strontium 
line at 4077.71 A at a desirable density, a 3-step 
neutral filter, transmitting 5, 20, and 100 per 
cent of the incident light, is placed at the stig- 
matic focal point of the spectrograph. Alterna- 
tively, a blue gelatin filter having a transmission 
of 8 per cent at 4000 A is placed over the 3800 to 
4100 A region, while a neutral filter having a 50 
per cent transmission is placed directly over the 
4077.71 A line. 


TABLE IV.—ANALYTICAL LINE PAIRS. 


Element Analytical Line, A Internal Standard Line, A wueer Range, 

Si 2881.58 Mo 3112.12 4 to 300 
Sr 4077.71 Mo 3902.96 4 to 150 

oh Al 3092.71 Mo 3112.12 0.8 to 150 
Fe 3021.07 Mo 3112.12 4 to 75 

Ni 3414.77 Mo 3405.94 1.5 to 75 

Cr 2835.64 Mo 2816.15 4 to 40 

Pb 2833.07 Mo 2816.15 or 4 to 40 

Mo 3112.12 

3184.00 Mo 3112.12 2 to 40 
B 2497.33 or Mo 2644.35 0.4 to 40 
2496.78 
Co 3453.51 Mo 3112.12 0.4 to 40 
Mg 2802.70 Mo 2816.15 0.4 to 40 
Cu 3247.54 Mo 3112.12 0.1 to 40 

ee are Mn 2794.82 Mo 3112.12 0.1 to 40 


Excitation and Exposure 
9. Produce and record the spectrum 
according to the following conditions: 


(a) Electrical Parameters: 
Secondary voltage, v 
Current, amp 


The electrical parameters should be 
measured as described in the Suggested 
Practices for Describing and Specifying 
the Excitation Source (E-2 SM 1-2). 

(b) Exposure Conditions: 


Spectral region, A............ 2400 to 4100 
(Note 3) 
30 
Exposure period.............. as required 
(Note 4) 
7™*Methods for Emission Spectrochemical 


Analysis,” Am. Soc. Testing Mats., p. 68 (1957). 


Note 4.—Specific exposure conditions must 
be determined for each installation. A 90-sec ex- 
posure normally is adequate, except for boron 
which may require exposures up to 5 min. 

(c) Replicate Exposures.—Make tripli- 
cate exposures of standards and samples. 
Once analytical curves are established, 
it is recommended that exposures of at 
least two standards be made on each 
plate to check for curve drift. 

(d) Calibration Exposure.—Produce a 
spectrum of pure iron or carbon steel, 
using the same excitation conditions as 
for the sample. Reduce arc intensity by 
means of suitable neutral screens. 


Photographic Processing 


10. Process the emulsion in accordance 


with the Recommended Practices for 


. 8tob 
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Photographic Processing in Spectro- 
chemical Analysis (ASTM Designation: 
E 115).5 


Photometry 


11. Measure the transmittance of the 
spectrum line pairs listed in Table IV 
for the standards and samples. 


Calibration 


(a) Emulsion Calibration—Con- 
struct an emulsion calibration curve 
from .the calibration spectra transmit- 


TABLE V.—PRECISION OF METHOD. 
Average wer of 
Element Concentra-| | Determi- 
tion, ppm tion® nations 
34 5.6 8 
Mg. 15 8.4 8 


* Coefficient of variation, v, in this method, 
is calculated as follows: 


>> 
100 / zd? 
n—1 
where 
X = average concentration, in ppm, 
d = difference of the determination from the 


mean, and 
number of determinations. 


= 
ll 


tances, foliowing the directions described 
in the Recommended Practices for 
Photographic Photometry in Spectro- 
chemical Analysis (ASTM Designation: 
E 116).8 

(b) Preparation of Analytical Curves.— 
Convert the transmittances of the ana- 
lytical and internal standard lines into 
log intensity ratios, using the emulsion 
calibration curve prepared in Paragraph 
(a) or by means of a calculating board. 
For each element prepare an analytical 
curve relating the log intensity ratios to 
concentration. Transcribe appropriate 


8“*Methods For Emission Spectrochemical 
Analysis,”” Am. Soc. Testing Mats., p. 12 (1957). 
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scales for use in the calculating board, if 


desired. Make correction for residual 
impurity in the blank by the method of 
successive approximations’ or by the 
zero intercept method.” 


Calculations 


13. (a) Convert the transmittance 
measurements of the line pairs to log 
intensity ratios by means of the emul- 
sion calibration curve or by means of the 
calculating board. Determine concentra- 
tion from the analytical curves. If 
analytical scales have been prepared, 
transmittance measurements can be 
reduced to concentration directly by 
means of the calculating board. Compen- 
sate for analytical curve drift by apply- 
ing a correction as determined from the 
observed value of the standard samples. 

(b) The concentrations, as determined 
from the analytical curves, are based on 
anhydrous caustic soda. For anhydrous 
caustic soda samples the concentrations 
of the impurities determined apply 
directly. For caustic soda liquor samples 
the concentration of the impurities read 
from the analytical curves must be 
multiplied by the percentage of NaOH 

in the sample to give the concentration 
of the impurities on the sample basis. 


Precision and Accuracy 


14. (a) Precision Data in Table V 
indicate the precision of the method 
realized for some of the elements in one 
laboratory. 

(b) Accuracy.—Experience in several 
laboratories indicates the accuracy ap- 
proximates +10 per cent of the amount 
present, based on comparisons with 
colorimetric analysis. 


9 W. C. Pierce and N. H. Nachtrieb, “Photom- 
etry in Spectrochemical Analysis,” Industrial 
and Engineering Chemistry, Analytical Edition, 
Vol. 13, pp. 774-781 (1941). 

1 Jacob Cholak and Robert V. Story, “Cor- 
rections for Residual Impurity and Background 
in Spectrochemical Analysis,” Journal, Optical 
Soc. America, Vol. 32, pp. 502-505 (1942). 
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Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year: on June 19, 1957, in Atlantic City, 
N. J., in conjunction with the Annual 
Meeting of the Society. Divisional and 
other task groups held individual sessions 
on June 16 to 19, 1957. 

The consideration and development of 
newer methods of analysis continues as 
a dynamic process within the committee 
and it is keeping pace with the newer 
concepts in alloy and material develop- 
ment. Several representatives of Com- 
mittee E-3 were present at the First 
Annual Analytical Chemical Symposium 
on Nuclear Materials. At present one 
task group is concerned with nuclear 
grade zirconium. Other refractory alloys 
are under consideration. 

A successful Symposium on the Deter- 
mination of Gases in Metals was spon- 
sored by the committee on June 18, 1957 
at the Annual Meeting of the Society 
and has been issued as ASTM STP 222. 
Initial communications have been made 
to integrate with the British Standards 
Institution and the British Iron and 
Steel Research Assn. on common prob- 
lems. An early exchange of information 
is contemplated. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
as appended hereto:! 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1The new tentatives are available as sep- 
arate reprints. 
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Method for: 


Determination of Arsenic in Fire-Refined Cop- 
per, and 

Chemical Analysis of Magnesium and Mag- 
nesium-Base Alloys. 
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Supporting data for these two pro- 
posed new tentatives are given in the 
accompanying Tables I and II. 


ADOPTION OF TENTATIVES AS STANDARD 
WitTHovut REVISION 


The committee recommends that the 
following tentative methods be approved 
for reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Methods for Chemical Analysis of: 


Ferro-Alloys (E 31 - 54 T),? 

Nickel-Chromium and Nickel-Chromium-Iron 
Alloys (E 38 — 56 T),? 

Slab Zinc (Spelter) (E 40-56 T),? 

Zinc-Base Die-Casting Alloys (E 47 - 56 T),? 

Sulfur in Special Brasses and Bronzes (E 54 - 
50 T),? 

Copper-Beryllium Alloys (E 106 - 54 T),? 

Tentative Photometric Methods for Chemical A nal- 
ysis of: 

Aluminum-Base Alloys (E 34 - 56 T),? 

Lead, Tin, Antimony and Their Alloys (E 87 - 


56 T),? and 
Tentative Methods of Sampling: =. 


Non-Ferrous Metals and Alloys in Cast Form 
for Determination of Chemical Composition 
(E 88 50 T).? 

REAPPROVAL OF STANDARDS 
The committee recommends the re- 


2 1956 Book of ASTM Standards on Chemical 
Analysis of Metals. 


= 
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TABLE I.—SUPPORTING DATA FOR METHOD FOR DETERMINATION OF ARSENIC 
IN FIRE-REFINED COPPER BY BUTANOL EXTRACTION. 


Arsenic as determined by distillation and titration using 50 g sample, 0.0054 per cent. 


Laboratory A | Laboratory B | Laboratory C | Laboratory D | Laboratory E 


eae 0.0057 0.0057 0.0056 0.0056 0.0058 


TABLE II.—SUPPORTING DATA FOR PROPOSED TENTATIVE METHOD OF 
CHEMICAL ANALYSIS OF MAGNESIUM AND MAGNESIUM-BASE ALLOYS. 


Zirconium by the Alizarin Red-S (Photo- Gravimetric Determination of Thorium. 
metric) Method. 


Thorium, per cent 
Zirconium, per cent 


Sample No. | Sample No. 
: Soluble |Insoluble | Total 82507A 83190A 
Sample No. 82411A-EK Laboratory A......... 3.13 1.15 
30: 3.12 
Laboratory A....... 0.27 | 0.008 | 0.28 
: 0.28 | 0.008 | 0.29 Laboratory B......... 3.08 1.16 
3.12 
Laboratory B.......| 0.25 | 0.015 | 0.27 3.11 1.31 
0.27 | 0.022 | 0.29 3.08 1.23 
_ Laboratory C....... 0.27 | 0.009 | 0.28 | Laboratory C......... 3.17 1.26 
{ 0.26 | 0.007 | 0.27 : 3.12 1.24 
3.14 1.25 
Laboratory D....... 0.26 | 0.004 | 0.26 w 1.24 
d 0.29 | 0.007 | 0.30 ac 
0.28 | 0.010 | 0.29 3.12 1.21 
Average.........- 0.27 | 0.010 | 0.28 Gravimetric Determination of Rare Earth 


Elements. 


_ Sample No. 82507 A-HK 
{ 31: Rare Earths, per cent 


Laboratory A.......| 0.58 | 0.014 | 0.59 
0.68 } 0.086 | 0.50 Sample No. | Sample No. 
82981A 82411A 
Laboratory B.......| 0.58 | 0.022 | 0.60 
Laboratory A......... 1.43 3.70 
Laboratory C....... 0.61 | 0.016 | 0.63 1.40 3.77 
Laboratory B......... 1.44 3.60 
Laboratory D. 0.58 | 0.007 | 0.59 ae gs 
0.62 | 0.012 | 0.64 : 3.7: 
0.58 | 0.016 | 0.60 1.41 “73 
Laboratory C......... 1.45 3.70 
0.59 | 0.015 | 0.61 1.43 3.73 
4 1.45 3.7 
1.43 3.71 


approval of the following standards Chemical Analysis of Copper (Electrolytic De- 


which have stood for more than six termination) (E 53 - 48), 
years without revision: Sampling Wrought Non-Ferrous Metals and Al- 
Standard Methods of: : loys for Determination of Chemical Composi- 


Sampling Ferro-Alloys (E 32 - 42), tion (E55-48),and ae 
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Standard Methods for: 
Chemical Analysis of Brasses (E 36 - 45). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Methods for Chemical Analysis of: 


Electronic Nickel (E 107 - 56 T), 

Copper-Chromium Alloys (E 118-56 T), 

Titanium and Titanium Base Alloys (E 120 - 
56 T), 

Copper-Tellurium Alloys (E 121-56T), 


Tentative Photometric Methods for Determination 
of: 

Phosphorus in High Phosphorus Brazing Alloys 
(E 56 - 56 T), and 


Tentative Recommended Practices for Photometric 
Methods for: 


Chemical Analysis of Metals (E 60-50 T). 


STANDARD ConTINUED WITHOUT 
ie REVISION 


- The committee recommends the con- 
tinuation without revision of the Stand- 
ard Methods for Chemical Analysis of 
Silver Solders (E56-—45), subject to 
study of the validity of the procedure 
in part. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Editorial Subcommittee (J. L. Hague, 
chairman).—Agreement in principle was 
reached on the format of manual to 
cover the by-laws and editorial policies 
of the committee. The new photometric 
method for cobalt in stainless steels was 
edited in detail by the committee as an 
example of styling. 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Division S on Sampling (A. C. Holler, 
chairman): 


Subcommitiee S-1 on Ferrous Alloys 
(J. B. Armstrong, chairman) is rewriting 
the sampling method for ferro alloys. 

Subcommitiee S-2 on Non-Ferrous 
Alloys (R. L. Vitek, chairman).—Meth- 
ods for sampling titanium sponge are 
being prepared jointly with Subcom- 
mittee VIII on Miscellaneous Refined 
Metals and Alloys of Committee B-2. 


Division G on General Analytical Methods 
(H. F. Beeghly, chairman): 


A series of symposia is being sponsored 
which are intended to stimulate develop- 
ment of improved methods for analysis 
of metaJs and the evolution of common 
analytical procedures. 

A Symposium on Gases in Metals was 
sponsored at the 1957 Annual Meeting 
of the Society and has been issued as 
ASTM STP 222. A Symposium on Sol- 
vent Extraction in Metals Analysis is 
being sponsored at the 1958 Annual 
Meeting.‘ The 1956 Symposium on Ion 
Exchange and Chromatography in Ana- 
lvtical Chemistry is available as ASTM 
STP 195. 

The methods prepared by Committee 
E-3 have been reviewed with the object 
of determining when modifications can 
be introduced to provide more uniform 
procedural detail in the next edition of 
the book “ASTM Methods for the Anal- 
ysis of Metals.” 


Division M on Miscellaneous Metals 
(R. M. Fowler, chairman): 


A task group has been organized for 
the analysis of zirconium and its alloys. 
It plans to have preliminary drafts of 
several methods available by the time 
of the Annual Meeting. 

Methods for powder metals are being 


* To be issued as separate publication ASTM 
STP No. 238. 
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developed by two separate task groups. 
Methods for chemical analysis, non- 
volatile material in tungsten powder, and 
hydrogen loss of metal powders are 
under development. 

A task group to consider the methods 
for the analysis of columbium has been 
initiated. 


Division F on Ferrous Metals (J. J. Furey, 
chairman): 
Task groups are at work on the follow- 
ing projects: 


Photometric Method for Aluminum in 
Stainless Steel 


The Aluminon Method has been 
set aside, and two new methods are 
being studied. Samples have been dis- 

tributed. 


H ydrogen in Steel 


Samples were distributed and sta- 
tistical study of preliminary results 
has been made. The variability is such 
that more work must be done, and 
another meeting of the task group has 
been scheduled to determine types of 
samples to be used on the next test. 


Cobalt (Titrimetric) in High-Alloy Ma- 
terials 
Three methods have been evaluated 
and in each case one or more labora- 
tories encountered trouble. Further 
testing of another method submitted 
is under way. aos 


Copper in Steel 
Results indicate that the method is 
accurate and reproducible in the 
range of 0.017 per cent to 1.5 per 

cent copper. 


Nitrogen in Steel 

This project contemplates deter- 
mination of both soluble and insoluble 
nitrogen. A method has been agreed 
upon and samples will be distributed 
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consisting of a plain carbon steel with 
low nitrogen content, a stainless steel, 
and a high-temperature alloy with 
0.15 per cent to 0.20 per cent nitrogen. 


Cobalt (Photometric) in Stainless Steel 


A very satisfactory method had been 
developed. Further work on an alter- 
nate method is still under way. 


Phosphorus (Photometric) in Steel 


Preliminary data indicate that a 
method under study will give reliable 
results in the range of 0.008 per cent 
to 0.88 per cent phosphorus. A tung- 
sten steel and a titanium-bearing steel 
will be included in the evaluation 
program. 
Ferroboron -Ferrocolumbium 

Boron results by the ion-exchange 
method appear quite satisfactory. A 
photometric method for aluminum is 
now being evaluated, and it is hoped 
that this will eliminate the difficulty 
experienced with the gravimetric 
procedure. Committee A-9 is writing 
specifications for ferrocolumbium. It 
is planned to set up a standard sample 
with the National Bureau of Standards 
in connection with the development of 

ASTM methods. 

New task groups have been appointed 
to investigate a method for carbon in 
the triple 0 range, a method for sulfur 
in the range of 0.0005 per cent to 0.001 
per cent, and a task group will be set up 
to study the Lingane method for man- 
ganese as a substitute or alternate 
method for determination of manganese 
in ferromanganese and silicomanganese. 

Division N on Non-Ferrous Metals 
(R. G. Ernst, chairman) prepared the 
proposed new tentative methods re- 
ferred to earlier in the report. 

Methods for the photometric deter- 
mination of magnesium and the gravi- 
metric determination of tungsten in 
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electronic nickel have been received 
from the Committee F-1 task force, and 
are being prepared for inclusion in the 
Methods for Chemical Analysis of Elec- 
tronic Nickel (E 107). 

Methods being evaluated include 
the photometric determination of anti- 
mony in pig lead and fire-refined copper 
with rhodamine-B, the application of 
neo-cuproine to the determination of 
small amounts of copper in various 
materials, the determination of zinc in 
aluminum alloys by thiocyanate extrac- 
tion and EDTA titration, the determina- 
tion of cadmium in silver solders by 
carbamate extraction and EDTA titra- 
tion, and the photometric determination 
of bismuth in fire-refined copper by the 
iodide method. It is hoped that coopera- 
tive data on these methods will be 
available in the near future. 

Work is continuing on methods for 
the determination of selenium and tel- 
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lurium in fire-refined copper and the 
determination of trace amounts of 
aluminum in slab zinc. A new task group 
was activated to study the determination 
of small amounts of boron and beryllium 
in aluminum-base alloys. It is planned to 
review all existing methods in the near 
future with the intent of modernizing 
older procedures when possible and 
taking full advantage of the latest 
developments in analytical chemistry. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 129 members; 65 members 
returned their ballots, of whom 64 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
ARBA THOMAS, 


Chairman. 
H. Kirtcuik, 

Secretary. 
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Committee E-4 on Metallography, 
together with several of its subcom- 
mittees, held two meetings during the 
the past year: in Atlantic City, N. J., on 
June 17 and 18, 1957, and in St. Louis, 
Mo., on February 10 and 11, 1958. 

The committee now consists of 110 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. L. Wyman. 
Vice-Chairman, R. E. Penrod. 
Secretary, Mary R. Norton. 


REVISIONS OF TENTATIVES | 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Methods of Preparation of Metallo- 
graphic Specimens (E 3 46 T):! 


Revise by the deletion of Sections 7 
to 11, replacing them with new material 
on electrolytic polishing, as appended 
hereto. 


Methods of Determining the Average 
Grain Size of Metals (E 112-55 T) #3 


Revise as appended hereto? 


STANDARD CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Stand- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

11955 Book of ASTM Standards, Part 2. 

2 The revised tentatives appear in the 1958 
Book of ASTM Standards, Part 3. 

31956 Supplement to Book of ASTM Stand- 
ards, Part 1. 
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ard Recommended Practice for Deter- 
mining the Inclusion Content of Steel 
(E 45-51). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Methods of: 


Preparation of Micrographs of Metals and 
Alloys (Including Recommended Practice 
for Photography as Applied to Metallography 
(E2-49T), 

Preparing Quantitative Pole Figures of Metals 
(E 81 -54T), and 

Determining the Orientation of a Metal Crystal 
(E 82 - 49 T). 

Tentative Definitions of: 

Terms Relating to Metallography (E 7-55 T). 

Tentative Recommended Practice for: 


Thermal Analysis of Metals and Alloys (E 14 - 
57 T), and 

Dilatometric Analysis of Metallic Materials 
(E 80 - 49 T). juan, 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Selection and Prep- 
aration of Samples (F. C. Hull, chairman) 
has completed a new section on elec- 
trolytic polishing to replace the present 
version in Methods E 3 referred to 
earlier in the report. 

Subcommittee III on Nomenclature 
(P. A. Beck, chairman) has collaborated 
with Society Headquarters in having the 
subcommittee proposal of a system of 
phase nomenclature distributed to the 
technical organizations both here and 
abroad in order to elicit suggestions. _ 
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Subcommittee V on Micro Hardness 
(W. E. Shebest, chairman) is continuing 
its activity in round-robin tests using 
specially calibrated reference standards. 

Subcommitiee VI on X-ray Methods 
(W. L. Fink, chairman) has been en- 
gaged in writing completely new recom- 
mended practices for powder diffraction 
work. The several task groups engaged 
in the various phases of this work are 
nearing the ends of their respective 
assignments. 

Subcommitiee VII on Thermal Analy- 
sis (D. I. Finch, chairman) has drawn up 
an initial draft for a recommended 
practice for temperature versus electrical 
resistance methods. 

Subcommitiee VIII on Grain Size 
(R. Penrod, chairman) has com- 
pletely revised the numerical tables in 
Methods E 112 to give them the highest 
possible accuracy; it has added sections 
on sample treatment and on the report- 
ing of austenitic grain sizes which were 
particularly requested by steel industry 
representatives; it has selected a suit- 
able material for the preparation of 
Plate II, twinned-grains, flat etch, and 
is preparing the standards. 

Additional grain size micrographs have 
been prepared for the inclusion of new 
sizes in Plate III, as requested by Com- 
mittee B-5 on Copper and Copper Alloys. 


‘Issued as a separate publication ASTM 
STP No. 246. 
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Also, cooperative effort with Com- 
mittee B-2 on Non-Ferrous Metals and 
Alloys has resulted in the use of Methods 
E 112 as the grain-size method for six 
nickel-base alloy specifications. 
Subcommittee XI on Electron Micro- 
structure of Metals (S. T. Ross, chairman) 
has extended its activities into the non- 
ferrous fields, with several active sub- 
groups being concerned with special 
interest areas as, for example, the pre- 
cipitates in some super strength alloys. 
The subcommittee sponsored the 
Symposium on Advances in Electron 
Metallography at the 1958 Annual Meet- 
ing.‘ In addition, the subcommittee is 
holding a special meeting for those 
interested and potentially active in 
electron probe (micro spot X-ray analy- 
zer) work, preparatory to organizing a 
subgroup in this new field of effort. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 110 members; 91 members 
returned their ballots, of whom 87 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


L. L. Wyman, 
Chairman. 
Mary R. Norton, 
Secretary. 
(Cb) ©! tc ane alert 
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REPORT OF COMMITTEE E-S 


TESTS OF MATERIALS AND CONSTRUCTION*® 
1 
Le 
Committee E-5 on Fire Tests of Ma- REVISION OF STANDARD, 7 
terials and Constructions held two meet- IMMEDIATE ADOPTION bie. 


ings since its last report in 1956: in 
Philadelphia, Pa., on February 8, 1957, 
and in St. Louis, Mo., on February 19, 
1958. 

The committee consists of 62 members 
of whom 29 are classified as producers, 
6 as consumers, and 27 as general inter- 
est, with 3 consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. J. Krefeld. wh,- 

Vice-Chairman, R.C. Corson, > 
Secretary, H. D. Foster. 


New TENTATIVE 
The committee recommends for pub- 
lication as tentative the Method of Test 
for Defining Noncombustibility of Build- 
ing Materials as appended hereto.! 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions? of Section 26, issued 
June, 1956, of Standard Methods of Fire 
Tests of Building Construction and Ma- 
terials (E 119-55)’ be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 The new tentative appears in the 1958 Book 
of ASTM Standards, Part 5. ° 

21956 Supplement to Book of ASTM Stand- 
ards, Part 4. 

31955 Book of ASTM Standards, Part 4. 
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The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Methods of Fire Tests of 
Building Construction and Materials 
(E 119-55)* and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
this revision may be referred to letter 
ballot of the Society: 

Section 5.—Reletter Paragraph (6) as 
(c) and add a new Paragraph (6) as 
follows: 


(b) Reports of tests involving wall, flocr, 
beam or ceiling constructions in which restraint 
is provided against expansion, contraction 
and/or rotation of the construction shall de- 
scribe the method used to provide this restraint. 


Section 23.—Change the heading ‘“‘Size 
of Sample” to read “Size and Construc- 
tion of Sample.’ Add the following as 
Paragraph (0): 


(b) Beams or joists forming part of the 
assembly shall be supported in accordance with 
the recommended fabrication procedures for 
the type of construction. Assemblies representing 
forms of construction which restrain structural 
elements and top deck shall be supported by a 
restraining frame incorporated in the furnace 
structure simulating such restraint. 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee recommends that the 
following tentatives be approved for ref- 
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erence to letter ballot of the Society for 
Tentative Methods of: 


Fire Tests of Door Assemblies (E 152 - 56 T)? 
and 
Fire Tests of Roof Coverings (E 108-56 T).* 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six 
years without revision: aa 


Standard Method of Test for: : 


Combustible Properties of Treated Wood by 
the Fire-Tube Apparatus (E 69-50), and 

Combustible Properties of Treated Wood by 
the Crib Test (E 160 - 50). 


ea eee 


The recommendations in this report 
have been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


, Subcommittee I on Fire Tests of Matle- 
rials and Constructions (A. J. Steiner, 
chairman).—Additional improvements of 
Methods E 119 which are being consid- 
ered include (a) controlled conditioning 
of fire test specimens, (b) a more exact 
method of determining time of load 
failure of floors under fire exposure, (c) a 
better correlation of those sections deal- 
ing with fire tests of floors and roofs and 
of fire tests of ceiling constructions, (d) 
the need for long-span furnaces for 
testing beams, (e) the need of roof 
coverings on test specimens for fire tests 
of roof construction, (f) the use of the 
word “combustible” with fire test ratings 
where applicable, and (g) the develop- 
ment of a suitable surface thermocouple 
protection pad to replace the one de- 
scribed in Section 4(a), which is unob- 
tainable. 

Subcommittee III on Fire Tests of Door 


4 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Assemblies (H. D. Foster, chairman).— 


_ The need for methods for fire tests of 


_ windows is being considered. 

Subcommittee IV on Fire Tests of 
Acoustical and Similar Finishes (C. 
H. Yuill, chairman).—The Tentative 
Method E 84-50 T was editorially re- 
vised and an illustration showing the 
basic dimensions of the test furnace was 
provided. Other methods and equipment, 
particularly that developed by the Forest 
Products Laboratories, are being consid- 
ered for use in determining the flame- 
spread ratings of interior finishes. 

Subcommitiee V on Nomenclature and 
Definitions (J. R. Shank, chairman) pre- 
pared the Test Method for Defining 
Noncombustibility of Building Materials 
which is referred to earlier in the report. 
Definitions for other terms used in fire 
testing are being considered. 

Subcommittee VIII on Fire Tests of 
Roof Coverings (E. W. Fowler, chairman). 
—The Method of Fire Tests of Roof 
Coverings (E 108 - 56 T) has been rec- 
ommended for adoption as standard. 
The classifications of roof coverings used 
by the Underwriters’ Laboratories, Inc. 
and in most building codes are deter- 
mined by tests made in conformity with 
these methods. 

Subcommitiee X on Research (A. F. 
Robertson, chairman).—This is a new 
subcommittee organized to encourage 
and promote research in the fire protec- 
tion field. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 62 voting members; 60 members 
returned their ballots, of whom 53 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. J. KREFELD, 
Chairman. 


4 
H. D. Foster, 
Secretary. 
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Committee E-6 on Methods of Test- 
ing Building Constructions and its sub- 
committees held one meeting during the 
year: on October 9 to 11, 1957, in Ot- 
tawa, Canada, in conjunction with 
meetings of Committees C-16 on 
Thermal Insulating Materials and C-20 
on Acoustical Materials. 

The committee is sponsoring a Sym- 
posium on Durability at the 1958 
Annual Meeting of the Society.! 

The committee consists of 96 mem- 
bers, of whom 75 are voting members; 
32 are classified as producers, 8 as con- 
sumers, and 35 as general interest 
members. There are 2 consulting mem- 
bers. 

The officers elected for the ensuing 
term of two years are as follows: 


7 Chairman, R. F. Legget. 


Vice-Chairman, Harold Perrine. 
Secretary, R. A. Biggs. 
Membership Secretary, J. P. Thomp- 


son. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Durability (E. 
V. Shuman, chairman) arranged for the 
Symposium on Durability referred to 
earlier in the report. 

Subcommittee IV on Strength of 
Masonry Units (H. C. Plummer, chair- 
man) is progressing on the develop- 
ment of test methods for masonry 
units. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 Issued as separate publication ASTM STP 
No. 236. 
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E. Kennedy, chairman), and 

Subcommittee VI on Load Tests on 
Completed Structures (W. R. Schriever): 

These subcommittees reor- 
ganized during the year and anticipate 
the development of loading tests in the 
near future. 

Subcommittee VII on Vapor Barriers 
Beneath Concrete Slabs on the Ground 
(R. F. Luxford, chairman) was or- 
ganized during the year, and plans 
have been made for the preparation of 
test methods, using as a guide data 
prepared by the Forest Products Lab- 
oratory and the Building Research 
Advisory Board. 

Subcommittee VIII on Windows (R. 
B. Crepps, chairman) held a_ con- 
ference to discuss the testing of windows 
which was attended by representatives 
of Canadian window manufacturers as 
well as interested members of the 
Society. Information will be assembled 
on the principal phases of window test- 
ing which will serve as a basis for the 
work of the subcommittee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 75 voting members; 72 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 


the committee, 
F. Lzeeoet, 
Chairman. 
R. A. Biccs, 
Secretary. abe 
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Committee E-7 on Nondestructive 
Testing met at Atlantic City, N. J., on 
June 20, 1957, in conjunction with the 
Annual Meeting of the Society. Numer- 
ous task forces and subcommittees as well 
as the Executive Council also met at 
that time. Another series of meetings 
were held in St. Louis, Mo., in February 
1958, during ASTM Committee Week. 

The Symposium on Nondestructive 

Testing, sponsored by Committee E-7 
at the Second Pacific Area National 
Meeting of the Society in 1956, was 
published in November, 1957, as ASTM 
STP No. 213. 
’ The committee records with regret the 
death of Noah A. Kahn, former chair- 
man of Subcommittee II of Committee 
E-7, and long-time active leader and 
counselor in the work of the committee. 
Mr. Kahn died suddenly during the 
1957 Annual Meeting in Atlantic City. 
His leadership and wisdom will be sorely 
missed. 

The committee consists of 136 mem- 
bers, plus 21 consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. H. Bly. fattal 

Vice-Chairman, C. H. Hastings. 

Secretary, Alexander Gobus. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee E-7 presented to the 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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NONDESTRUCTIVE TESTING* 


Society through the Administrative 
Committee on Standards the Tentative 
Recommended Practice for Fabricating 
and Checking Aluminum Alloy Ultra- 
sonic Standard Reference Blocks 
(E127-58T). This recommendation 
was accepted by the Standards Com- 
mittee on April 25, 1958. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Tentative 
Method of Wet Magnetic Particle In- 
spection as appended hereto.! 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Industrial Radiographic Terminology for: 


Use in Radiographic Inspection of Castings and 


Weldments (E 52 - 49 T). Py 

Recommended Practice for: 

Radiographic Testing (E 94 - 52 T), 

Ultrasonic Testing by the Resonance Method 
(E 113 - 55 T), and 

Ultrasonic Testing by the Reflection Method, 
Using Pulsed Longitudinal Waves Induced by 
Direct Contact (E 114-55 T). 

Reference Radiographs for: 


Inspection of Aluminum and Magnesium Cast- 


ings (E 98 - 53 T), and awe (nem 
Steel Welds (E 99 55 T). ty 
Reference Photographs for: 


Magnetic Particle Indications on Ferrous 


Castings (E 125 - 56 T). 


! The new tentative appears in the 1958 Book 
of ASTM Standards, Part 3. 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Radiographic Recom- 
mended Practice (G. R. Forrer, chair- 
man), has obtained suitable specimens 
and is preparing radiographs of these 
specimens, using a wide variety of radia- 
tion sources and exposure parameters, as 
its first step in developing a document or 
publication correlating the variations in 
radiographic flaw images with variations 
in these sources or parameters, especially 
specimen thickness. It is hoped to have 
these initial radiographs completed by 
the time of the Annual Meeting. 

Subcommittee II on Reference Radio- 
graphs (S. Low, chairman).—Work is 
continuing on the expansion of the 
tentative reference radiographs of steel 
welds. A task group is studying the 
question of suitability of re-issuance of 
Reference Radiographs E71 and E 98 
in Keysort card form rather than in 
album form. The Task Force on Refer- 
ence Radiographs of Heavy Steel Cast- 
ings has been extremely active and is 
engaged in the preparation of thick cast 
steel plates containing specific flaws 
which are being radiographed using 
various high-energy radiations to deter- 
mine the need for separate sets of 
reference radiographs for the individual 
sources. These films are also supple- 
mented by numerous commercial radio- 
graphs received through liaison with the 
cast steel industry. Additional liaison 
has been established with other national 
groups interested in this field. 

The subcommittee has proposed, and 
has agreed to take the initiative in ex- 
ploring, that a suitable memorial for 
Mr. Noah Kahn, deceased chairman of 
Subcommittee II, be established by 
Committee E-7. 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


Subcommitiee III on Magnetic Particle 
and Penetrant Inspection (H. Migel, 
chairman) completed the proposed Ten- 
tative Method of Wet Magnetic Particle 
Testing referred to earlier in this report. 
The Task Force on Liquid Penetrant 
Testing hopes to have a first draft of a 
method available for review at the time 
of the Annual Meeting. 

Subcommittee V on Radiographic Pro- 
cedure (C. H. Hastings, chairman) is pre- 
paring a proposed Tentative Method of 
Determining Quality of Radiographic 
Testing. This document, although firmly 
agreed on, will incorporate textual ma- 
terial which is considered preliminary; 
the subcommittee hopes to obtain com- 
ments from users to assist in determining 
whether further revisions will be in order. 

Subcommittee VI on Ultrasonic Testing 
Procedure (J. C. Smack, chairman) com- 
pleted the development of the Tentative 
Recommended Practice for Fabricating 
and Checking Aluminum Alloy Ultra- 
sonic Standard Reference Blocks re- 
ferred to above. Task groups are still 
actively developing recommended prac- 
tices for ultrasonic inspection of ferrous 
welds and for ultrasonic testing by the 
immersion method. 

Subcommittee VII on Eddy Current 
Testing.—During the 1958 Committee 
Week, the Executive Council agreed on 
the establishment of this committee. It 
is planned to hold an organization meet- 
ing during the Annual Meeting. Numer- 
ous interested members are _ being 
invited to attend. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 136 members; 76 members 
returned their ballots, of whom 68 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. H. Bry, 

Chairman. 

A. GoBus, 
Secretary. 
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FATIGUE 


Committee E-9 held two meetings 
during the year: on June 17, 1957, at 
Atlantic City, N. J., and on February 
10, 1958, at St. Louis, Mo. 

During the year five new members 
were elected to Committee E-9. The fol- 
lowing corresponding members were 
added: R. Cazaud (France), M. Hempel 
(Germany), W. Weibull (Sweden), and 
W. A. Wood (Australia). 

Attention is called to the Proceedings 
of the International Conference on 
Fatigue (1121 pages) issued by the In- 
stitution of Mechanical Engineers (Lon- 
don) in March, 1958. The North Ameri- 
can Committee appointed for this 
extensive project consisted of R. E. 
Peterson, Chairman, T. J. Dolan, A. M. 
Freudenthal, O. J. Horger, W. T. Lank- 
ford, B. J. Lazan, J. M. Lessells, and J. 
Marin, all members of Committee E-9. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, R. E. Peterson. ah, 
Vice-Chairman, H.J.Grover, 


Secretary, O. J. Horger. 
Asst. Secretary, W. T. Lankford. 


_ ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (T. J. 
Dolan, chairman).—At the June 17 
meeting, G. M. Sinclair presented a 
talk on “The Micromechanism of Fa- 
tigue.”” Dislocations were illustrated 
by a “bubble raft” movie showing con- 
solidation of vacancies due to cycling. 


fave 


The subcommittee sponsored a Sym- 
posium on Basic Mechanisms of Fatigue 
at the 1958 Annual Meeting in Boston.! 
Subcommittee II on Papers (D. G. 
Richards, chairman).—In addition to 
the Symposium papers, the subcommit- 
tee reviewed the papers for two sessions 
on Fatigue at the 1958 Annual Meeting. 
Subcommitiee III on Survey (H. J. 
Grover, chairman).—During the year 
ASTM STP No. 9H, “References on 
Fatigue—1956,”’ was issued. A survey 
of current projects is in progress,’ and 
a cumulative index is planned. 
Subcommittee IV on Large Machines 
and Test Correlation (J. F. Millan, chair- 
man).—ASTM STP No. 216, “Sym- 
posium on Large Fatigue Testing Ma- 
chines and Their Results,” has been 
issued during the year. The symposium, 
organized by John M. Lessells, was 
held at the 1957 Annual Meeting. 
Subcommitiee V on Aircraft Structural 
Fatigue Problems (P. Kuhn, chairman).— 
The aircraft structures papers presented 
at the Second Pacific Coast meeting 
have been published as ASTM STP No. 
203, “Fatigue of Aircraft Structures.”’ 
Task Force on Statistical Methods (F. 
B. Stulen, chairman).—The ‘Tentative 
Guide for Statistical Analysis of Fatigue 
Data” has been published as a Supple- 
ment to ASTM STP No. 91. 
1 To be issued as separate publication ASTM 
STP No. 287. 
2“Recent Survey of Current Activities on Fa- 


tigue,”” ASTM Buttetin, No. 235, Jan., 1959, 
p. 26. 
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_ This report has been submitted to 
letter ballot of the committee, which 
consists of 52 members; 27 members 
returned their ballots, all of whom have 


voted affirmatively. 


ing value oo 
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Respectfully submitted on behalf of 
the committee, 
R. E. PETERSON, 
Chairman. 


O. J. HorGeEr, 
Secretary. 
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Committee E-11 on Quality Control of 
Materials held four meetings since the 
last report in June 1956: on November 
27, 1956 at ASTM Headquarters; on 
April 29, 1957, at the Carborundum Co., 
Niagara Falls, N. Y.; and on November 
19, 1957, and April 29, 1958 at ASTM 
Headquarters, Philadelphia, Pa. 

Three new members have been ap- 
pointed to the committee, namely, F. E. 
Grubbs, Ballistic Research Labs.; J. 
Mandel, National Bureau of Standards; 
and W. P. Geopfert, Aluminum Com- 
pany of America. The committee consists 
of 24 members. 

" The officers elected for the ensuing 
term of two years are as follows: 

Chairman, S. Collier. 

Vice-Chairman, C. A. Bicking. 

Secretary, J. H. Davidson. 

H. F. Dodge and O. P. Beckwith were 
elected as members of the Advisory 
Committee for a four-year term. 

A new Task Group No. 15 on Sam- 
pling Plans has been appointed with the 
assignment of developing a framework 
of sampling plans for acceptance pur- 
poses for ASTM specifications. 

The committee is sponsoring a Sym- 
posium on Bulk Sampling! at the 1958 
Annual Meeting of the Society in Bos- 
ton. B. H. Lloyd is chairman of the 
Symposium Committee. 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 

1 [ssued as separate publication ASTM STP 
No. 242. 
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REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revision, 
as appended hereto,? of the Recom- 
mended Practices for Designating Sig- 
nificant Places in Specified Limiting 
Values (E 29 - 50)° and its reversion to 
tentative. 

This standard is not intended for ap- 
plication to situations involving addition 
of a series of numbers but is concerned 
solely with an individual number and 
its comparison to some limiting value. 
The present standard follows American 
Standard Rules for Rounding Off Nu- 
merical Values (ASA No.: Z25.1) and 
applies to a series of rounded numbers. 
The revised standard applies solely to 
an individual number and its compari- 
son with some limiting value. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following two tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard with- 
out revision: 


Tentative Recommended Practice for: 


Probability Sampling of Materials (E 105 - 56 
T),‘ and 

Choice of Sample Size to Estimate the Average 
Quality of a Lot or Process (E 122 — 56 T).4 


2 The revised standard appears in the 1958 
Book of ASTM Standards, Part 3. 

31955 Book of ASTM Standards. 
‘1956 Supplement to Book of ASTM Stand- 
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_ The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEE 
Subcommitiee I on ASTM Problems 


ow R. Pabst, Jr., chairman) sponsored 

a Round-Table Discussion on Statistical 
Aspects of ASTM Standards at the 
1957 Annual Meeting of the Society in 
Atlantic City, N. J. The subcommittee 


5 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM He adquarters. 
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has given assistance to technical com- 
mittees of the Society in the preparation 
of sampling phases of specifications. 


This report has been submitted to 
letter ballot of the committee which 
consists of 24 members; 21 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


F. Do, 


Chairman, 
O. P. BEcKwITH, 
Secretar ne 


mead 
bettie 
han 
oo 
To 
ok 


sa 


my 

wa 


| 
po 
4 
) 


oY reed 


*gaitss!! of! Ye 


APPEARANCE* 


avad Yo fig 

Committee E-12 on Appearance held 
two meetings during the year: in Atlantic 
City, N. J., on June 17, 1957, and in 
Washington, D. C., on March 24 and 
25, 1958. 

Two of a total of five research proj- 
ects proposed by Committee E-12 were 
accepted by the Inter-Society Color 
Council for research work. Problem 
Subcommittees 21 and 22 on Materials 
Standards (of Appearance), and The 
Jury System in Evaluating Color Dif- 
ferences, respectively, were organized at 
the March 24 and 25 meeting of the 
ISCC (jointly with Committee E-12) at 
Washington, D. C., with Norman Pugh 
as chairman of the latter. 

In a large measure, the bulk of the 
work of Committee E-12 is research in 
nature. The current organization is along 
lines of parameters of appearance, but 
these longer term groupings are being 
reorganized to favor shorter term work 
groups concerned with the solution of 
specific problems by personnel partic- 
ularly suited and selected for such 
problems. 

The more active groups in Subcom- 
mittee II on Color and Spectral Charac- 
teristics show the value of the latter 
arrangement. Group 3 on Color Speci- 
fication of Transparent Colors is working 
with ISCC’s Problem 14 Committee on 
the Colorimetry of Transparent Mate- 
rials, and may produce a highly useful 
as well as original approach to the 
industry-wide problem of using single- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 


wee 
number color ratings for materials of 
commercial importance such as oils, 
plastics, varnishes, etc. Group 6 on 
Color of Petroleum, Coal-Tar and Re- 
lated Resins may develop an improved 
instrumental technique for measuring 
color of these resins. 

A special group of Committee E-12 
members is progressing in the develop- 
ment of a “Manual for Appearance 
Evaluation of Materials.” This will 
combine, for the first time, not only 
methods useful in this field and ap- 
plicable to a broad range of materials, 
but also considerable appreciation of the 
economics of the problem. 

Requests have recently been received 
from Committee B-7 on Light Metals 
and Alloys for help in developing meth- 
ods for determining color and gloss of 
base and anodized wrought aluminum 
alloy surfaces, and from Committee D-19 
on Industrial Water for review of their 
proposed method of turbidity of water. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, George W. Ingle. 

Vice-Chairman, W. J. Kiernan. 

Secretary, Richard S. Hunter. 


STANDARD CONTINUED WITHOUT © 
REVISION 


The committee recommends the con- 
tinuation without revision of the Stand- 
ard Method of Test for 45-deg, 0-deg 
Directional Reflectance of Opaque Speci- 
mens by Filter Photometry (E 97 —55).! 


11955 Book of ASTM Standards, Parts 3, 4, 
and 7. 
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voted affirmatively. 


i On APPEARANCE 
_ This report has been submitted to 


Respectfully submitted on behalf of _ 


letter ballot of the committee, which 
consists of 78 members; 34 members 
returned their ballots, all of whom have 
=v 

= 


att 


Gee dred ition, 


the committee, 
GEORGE W. INGLE, 
Acting Chairman. 
RICHARD S. HUNTER, 
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Committee E-13 on Absorption Spec- 
troscopy, together with most of its sub- 
committees, met in Pittsburgh, Pa., on 
March 3, 1958. This meeting was held in 
conjunction with the Pittsburgh Con- 
ference on Analytical Chemistry and 
Applied Spectroscopy. The Advisory 
Committee met on September 11, 1957, 
in New York City and on March 2, 1958, 
in Pittsburgh. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, E. J. Rosenbaum. 

Vice-Chairman, L. E. Kuentzel. 

Secretary, R. F. Robey. 

Advisory Committee Members-at- 
Large, W. C. Kenyon and J. M. Vanden- 
belt. 
_ During the year Subcommittee VI on 
Fluorescence Spectroscopy (R. L. Bow- 
man, chairman) was established to 
organize activity in this resurgent field. 
Since magnetic resonance spectroscopy 
is deemed within the present scope of 


organized. 

Revised Scope--The committee is 
recommending to the Board of Directors 
that its scope of activity bé broadened 
better to accomplish the first of the two 
chartered purposes of the Society, 
namely, “promotion of knowledge of 
the materials of engineering.” The 
recommended revised scope follows: 


E-13, a task group is being 


The advancement of the fields of spec- 
_ troscopy involving molecular, atomic, or nu- 


* Sixty-first Annual Meeting of the Society, 
June 22-27, 1958. 
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clear absorption, and fluorescence, scattering, 
or polarization, by promoting exchange of 
information, by sponsoring meetings and 
symposia for presentation of papers, and 
by coordinating and formulating scientific 
practices and methods of analysis in these 
fields. 


ProposeD Metuop To BE PUBLISHED 
AS INFORMATION 


The committee recommends for publi- 
cation as information only the Proposed 
Methods for Evaluation of Spectropho- 
tometers as appended hereto.! 


This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting” 

ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Apparatus Specifi- 
cations (T. R. Harkins, chairman) 
prepared the Proposed Methods for 
Evaluation of Spectrophotometers re- 
ferred to earlier in the report. The 
method covers (/) stray radiant energy, 
(2) spectral resolution, (3) wavelength 
accuracy, (4) wavelength repeatability, 
(5) photometric linearity and repeat- 
ability, and (6) absorption cells. Further 
review of the methods prior to submittal 
for publication as tentative is planned. 

Subcommittee IIT on Methods (R. T. 
©’Connor, chairman) has prepared a 
Suggested Format for ASTM Methods 

! See p. 472. 

2 The letter ballot vote on this reecommenda- 


tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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On ABSORPTION 


Involving Absorption Spectroscopy. Al- 
though the format has been approved by 
letter ballot of the main committee, it is 
being withheld from publication until 
two recommended practices to which it 
refers are approved and published. These 
practices cover general techniques of 
infrared and ultraviolet quantitative 
analysis. Preparation of a Suggested 
Practice for Identification of Materials 
by the Kuentzel Absorption-Spectral 
Method is planned. This will refer to the 
Wyandotte-ASTM Punched-Card Index 
of Absorption Spectral Data.? 

Subcommittee III on Standard Data 
(M. V. Otis, chairman) with the aid of 
volunteer workers coded about 3000 in- 
frared and 1200 ultraviolet-visible spec- 
tra during 1957. Only published spectra 
are coded. When these codes are punched 
into cards, the spectral index will com- 
prise about 15,000 infrared and 12,000 
ultraviolet-visible cards. In addition, a 
20,000-unit Formula-Name Index to the 
infrared cards is available, and similar 
coverage of the ultraviolet cards is 
planned. Cards for indexing of spectral 
data in the near-infrared range (the 
range of spectrum between the visible 
and the conventional infrared) are being 
drawn up. 

Subcommitice IV on Nomenclature (W. 
P. Tyler, chairman) plans to extend the 
Available at ASTM Headquarters. wham 

» 
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list of Tentative Definitions of Terms and 
Symbols Relating to Absorption Spec- 
troscopy (E 131-57 T). The terms and 
symbols used in the Proposed Methods 
for Evaluation of Spectrophotometers 
have priority in this project. 

Subcommittee V on Publications (M.G. 
Mellon, chairman) has edited the Pro- 
posed Methods for Evaluation of Spec- 
trophotometers. 

Subcommittee VI on Fluorescence Spec- 
troscopy (R. L. Bowman, chairman) plans 
to sponsor a symposium in its field in 
conjunction with the meeting of the 
Society for Applied Spectroscopy, No- 
vember 6 and 7, 1958, in New York City. 
Such a symposium will serve as a starting 
point for further organization of the 
subcommittee along lines of apparatus 
specifications, methods, presentation of 
data, and nomenclature. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 55 members; 55 members re- 
turned their ballots, of whom 52 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


E. J. ROSENBAUM, 
Chairman. 


R. F. Rosey, 
Secretary. 
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PROPOSED METHODS FOR EVALUATION OF 

These are proposed methods and are published as information only hy hha 

Comments are solicited and should be addressed to the American 


Scope 


1..(a@) These methods are intended for 
performance evaluation of spectro- 
photometers as a means of selection of 
apparatus suitable for specific test 
methods. To avoid specifying instru- 
ments supplied by particular manufac- 
turers, objective specifications of instru- 
mental performance have been written. 

(6) A study of those instrumental 
properties which have a significant effect 

‘on the quality of analytical results 
obtained has been made, and a group of 
methods for measuring these properties 
has been developed. The evaluation of 

these properties will make it possible for 

each ASTM spectrophotometric method 

to be written with a statement of the 

tating values of the significant proper- 

ties that an instrument must have in 

_ order to be considered adequate for use 
in that method. 

(c) The following topics were selected 

* significant: wavelength repeatability, 
wavelength accuracy, spectral resolution, 
_ photometric repeatability and linearity, 
stray light, and absorption cells. Each of 
these topics is considered in turn in a 
_ separate part of the methods. In general, 
each part presupposes that the tests of 
the preceding part have been applied. 


- 1These proposed methods are under the 
jurisdiction of the ASTM Committee E-13 
= Absorption Spectroscopy. 

2? Published as information, June, 1958. 


_ Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Part I—WAVELENGTH REPEATABILITY 
Introduction 


2. (a) Lack of repeatability of wave- 
length readings occurs when the radiant 
power that emerges from a monochroma- 
tor differs in wavelength from time to 
time, even though the monochromator is 
set to the same nominal wavelength. The 
main causes of this lack of repeatability 
are changes in temperature of various 
parts of the monochromator, particularly 
the crystal prism, and lack of repeatabil- 
ity of the position of various parts of the 
system. In recording spectrophotom- 
eters, a change in response characteristics 
of the electrical system will also show up 
as apparent changes in wavelength. 

(6) When recording charts with 
printed wavelength scales are used, 
apparent wavelength errors may be due 
to errors in positioning the chart on the 
recording drum. Successive batches of 
purchased chart paper should be checked 
for uniformity of chart spectrum length, 
particularly if the paper has been sub- 
jected to pronounced humidity changes. 

(c) Although the effect of a variation 
in temperature on the index of refraction 
of a prism can be found readily, the 
relationship between ambient tempera- 
ture change and prism temperature 
change depends on the design of the 
instrument. Thermostatting can reduce 
the effects of ambient changes, and 
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bimetallic elements can be used to com- 
pensate for the wavelength changes 
accompanying differences in tempera- 
ture. In cases where most accurate 
readings are desired, operation in a 
temperature controlled room may be 
necessary. 

(d) Looseness or backlash in the system 
leads to a lack of mechanical repeatabil- 
ity, but this can be overcome if proper 
conditions of operation are used. Other 
mechanical effects, such as changes in 
friction, changes in the thickness of oil 
films, or the amount of dirt or dust 
between contacting surfaces, are random 
effects and cause erratic behavior. 

(e) In recording spectrophotometers 
there is always some lag between the 
recorded reading and the correct reading. 
If the scan is slow, and the response of 
the system is sufficiently fast, this effect 
is small. If the conditions of operation 
are the same for repeated runs, then the 
effect should be repeatable. If the scan 
rate is quite high, however, measure- 
ments made at the same settings and 
with the same apparent conditions of 
operation will not give truly repeatable 
results. For this reason, when calibrating 
recording spectrophotometers, the same 
inslrumental sellings should be used as 
during actual measurements. 


Measurement Procedure 


3. (a) General—Conditions under 
which the test is run should match the 
conditions that a prudent operator 
would use for most of his measurements. 
For example, when the wavelength of a 
single absorption band is to be measured 
repeatedly, the instrument should be 
started far enough behind the position of 
the band so that any backlash in the 
system is taken up. Similarly, with a 
recording instrument, the controls for 
scanning speed, amplifier gain, response 
time, and slit width should be set for 
normal operating ranges, and the same 
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nominal settings should be used for each 
run. Position the recording chart paper 
carefully. 

To test ambient temperature effects 
two tests should be used. In the first, the 
temperature range should be varied 
widely, and the effect on the wave- 
lengths of the bands should be measured. 
In the second, the wavelengths should be 
measured several times in a single day 
to determine whether the wavelengths 
are shifted as the instrument gradually 
warms up or the temperature of the room 
changes. 

For detecting mechanical troubles, a 
number of successive, repeat measure- 
ments are usually sufficient. 

(6) Ultraviolet and Visible Regions: 

(1) Mechanical Repeatability—Allow 
the instrument to come to a steady state 
temperature. Measure the wavelengths 
of the lines of a suitable arc source or 
absorbing sample at intervals during a 
day. A number of suitable, fixed wave- 
length reference points (1)° in various 
regions of the spectrum are given in 
Part II on Wavelength Accuracy. 

(2) Temperature Repeatability—By 
bringing the instrument to constant 
temperature, as recommended in Item 
(1), the effect of temperature can be 
eliminated. In determining temperature 
repeatability, mechanical effects cannot 
be completely eliminated. Under the best 
operating conditions there will be slight 
mechanical variations. 

If the room temperature is constant 
within 2 to 3 C, turn the instrument on 
for the warm-up period recommended 
by the manufacturer. Observing the 
precautions for mechanical repeatability 
(except, of course, that of a steady 
temperature), the wavelengths of three 
suitable lines should be recorded. This 
recording should be repeated hourly 
during the day to see how long the 

3 The boldface numbers in parentheses refer 


to the list of references appended to these meth- 
ods, see p. 494. ae 
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instrument must be on before there is no 
shift of wavelength with temperature. 

If the room temperature varies more 
than 2 to 3 C, follow the same instruc- 
tions for operating in a room at constant 
temperature. In addition, keep a record 
of the variation of the room temperature 
in the vicinity of the instrument during 
the day, and determine the wavelengths 
of three suitable lines as a function of 
temperature. 

(c) Infrared Region.—Determine me- 
chanical repeatability and temperature 
effects by the procedures described 
in Paragraph (6). Use toluene as the 
sample in a 0.02- to 0.03-mm_ sealed 
liquid cell. Obtain its spectrum in the 
regions 3.2 to 3.4, 9.1 to 9.4, and 14.2 to 
14.6 yw. Locate the central absorption 
band in each region. For each band note 
the approximate transmittance at the 
minimum and draw a line on the spec- 
trum at a transmittance level 10 per cent 
higher than the minimum. Measure the 
wavelength of the intersections of this 
line with the two sides of the absorption 
band, and average these two values to 
find the observed wavelength of the 
band. Repeat each measurement ten 
times, average the observed wavelengths, 
and calculate the average departure from 
the mean value. The correct positions of 
the toluene bands are 3.29, 9.25, and 
14.42 


Part ACCURACY 


Introduction 


4. (a2) In making measurements on 
overlapping absorption bands, it is 
important to locate spectral positions 
accurately. This is particularly true if 
measurements must be made at the 
sides of bands. 

(b) Because wavelength scales can get 
out of adjustment easily, frequent, even 
daily, checking is advisable. The details 
of this check depend on the spectral 
range of interest and the type of instru- 
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ment in use. If serious errors are found, 
the manufacturer’s literature should be 
consulted for instructions. 

(c) The precautions of Part I on 
Wavelength Repeatability are important 
in properly checking the wavelength 
scale. Wavelength readings change so 
much with temperature that the instru- 
ment must be turned on long enough to 
allow a steady instrument temperature 
to be reached. Calibration of a recording 
spectrophotometer may also be affected 
by positioning of the sheet, and by 
changes in size of the paper with tem- 
perature and humidity, 


Ultraviolet Region 


5. (a) Use of an Arc Source: 

(1) If the lamp supplied with the 
instrument can be changed for another 
source, the lamp should be replaced by a 
quartz mercury arc‘ or by a mercury arc 
that has an envelope transmitting in the 
ultraviolet® (Note 1). The arc should be 
properly aligned and focused on the en- 
trance slit. 


Nore 1.—The use of the General Electric 
H85-C3 lamp makes it unnecessary to follow 
the dangerous practice of removing the outer 
glass envelope from the General Electric H100- 
A4 lamp in order to use the bare quartz capillary 
of this lamp. The ultraviolet output of the H85- 
C3 lamp is about the same as that of the bare 
quartz capillary of the H100-A4 lamp. 

The General Electric germicidal lamp 
G4T4/1 produces much less continuous back- 
ground than the high-pressure lamps and the 
line at 253.7 my is not reversed. For some 
purposes the other lines emitted by this lamp 
may not be sufficiently intense. 

The General Electric mercury-cadmium 
lamp H100-F4 is also useful, since it gives a 
number of cadmium lines in regions where there 
are no mercury lines. 


(2) If the spectrophotometer is non- 
recording, one of the following calibra- 
tion lines should be located: 237.83, 


*The General Electric type H85-C3 lamp 
has been found satisfactory for this purpose. 

5 The Beckman mercury arc conforms to this 
requirement. 
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253.65, 275.28, 296.73, 312.57, 334.15, 
and 365.01 my. Care should be taken to 
avoid confusion with other mercury lines 
that are present (Note 2). 


Nore 2.—K. S. Gibson (1) states that with 
a Beckman DU spectrophotometer the lines at 
365.01, 365.48, and 366.33 should all be seen, the 
ratio of their intensities being approximately 
100:48: 36. 


(3) Next, the wavelength drive should 
be adjusted carefully until a maximum 
apparent transmittance reading shows 
that an accurate setting on the line has 
been reached and the wavelength dial 
then read. All of the lines listed should be 
checked similarly. 

(4) If a recording spectrophotometer 
is used, the positions of the lines listed 
above are read on the recorder chart. A 
relatively slow scanning speed should be 
used to make sure that the detecting 
system and recorder can follow the signal 
pulses resulting from narrow emission 
lines (Note 3). 


Note 3.—A slowly responding system will 
displace all of the lines in the direction scanned. 
It may be necessary to know the amount of this 
displacement, if there is one, at “normal” speeds. 


(b) Use of an Absorbing Sample—No 
substance has been found having absorp- 
tion bands that provide a satisfactory 
wavelength calibration in the ultra- 
violet. As a routine procedure it is ad- 
visable to use a dilute solution of benzene 
in isooctane (2,2,4-trimethylpentane) 
to check the position of the absorption 
band at 254.8 my. 


Visible Region 
6. (a) Use of an Arc Source; 
(1) If the lamp supplied with the 
instrument can be changed for another 
source, the lamp should be replaced by a 
quartz mercury arc* (Note 1). The arc 
should be properly aligned and focused 
on the entrance slit. 
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(2) If the spectrophotometer is non- 
recording, locate one of the following 
calibration lines: 365.01, 404.66, 435.83, 
491.60, 546.07, and 577.0 mu. If the last 
line is not resolved from its close neigh- 
bor, use 578.0 mu for the blend. Other 
lines present in the mercury spectrum 
should not be confused with those listed. 

(3) Next, the wavelength drive should 
be adjusted carefully until a maximum 
apparent transmittance reading shows 
that an accurate setting on the line has 
been reached and the wavelength dial 
then read. All of the listed lines should 
be checked similarly. If a hydrogen arc 
is available, the line at 656.28 my may 
be checked. 

(4) If a recording spectrophotometer 
is used, the directions given in Section 5 
(a) (4) should be followed. 

(b) Use of an Absorbing Sample— 
When the lamp supplied with the instru- 
ment cannot be replaced easily, a suitable 
piece of didymium glass,* about 3 mm 
thick, may be used as an absorbing 
sample. Bands at the following wave- 
lengths should be located: 441.0, 528.7, 
585.0, 684.8, and 743.5 my. As the 
apparent positions of these bands 
depend to some extent on the slit width 
used, the instrument should be calibrated 
as far as possible with slits at the same 
width at which it will normally be used. 
The values given above were obtained 
with the slit of the spectrometer set so 
that the spectral band width obtained 


was 10 mu. 
Near-Infrared Region 


7. In the region of 0.6 to 2.6 u, both 
arc sources and absorbing samples may 
be used (Note 4). The techniques of 


Corning 1-60 (formerly 5120) didymium 
glass has been found satisfactory for this pur- 
pose. The National Bureau of Standards sup- 
plies this glass with a spectral curve and values 


of the wavelengths of the principal absorption __ 


bands. 
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measurement described in Section 5 


should be employed. 


Norte 4.—Plyler and Peters (2) and Acquista 
and Plyler (3) give fourteen lines between 1 
and 2.4 uw for the General Electric H100-A4 arc, 
and Plyler, Blaine, and Tidwell (4) give lines 
for mercury, neon, argon, krypton, and xenon 
sources. Absorption bands for didymium glass, 


polystyrene, carbon disulfide, and 1,2,4- 
trichlorobenzene are given by Plyler, Blaine 
and Nowak (5). iba 2 


8. (a) Because there are no arc sources 
of spectral lines in the infrared (2.6 to 
15 4), an absorbing sample must be used. 
As the apparent position of a narrow 
absorption band depends on the spectral 
band width, the narrowest slit widths 
for which an adequate signal-to-noise 
ratio is obtained should be used. De- 
tailed discussions of precise wavelength 
calibration can be found in the literature 
(2 to 6). 

The most generally useful sample for 
quick routine checks is a film of poly- 
*styrene about 0.1 mm thick. The posi- 
tions of the following sharp bands 
should be located: 3.422, 6.692, 9.724, 
and 11.035 u (Note 5). 


Nore 5.—As the band at 3.3026 uw (3027.1 
cm (vacuum)) is somewhat sharper than 
the one at 3.422 w (2921.5 cm™ (vacuum)) it 
will, when resolved, give a somewhat more 
accurate check on the wavelength. 


(b) As a routine procedure it is advis- 
able to check the position of the atmos- 
pheric carbon dioxide band at 4.258 uy. 
This band is a doublet that may or may 
not be resolved. The value given is for 
the branch of longer wavelength when 
the band is resolved. 

(c) Because of drifts due to tempera- 
ture changes, it is advisable to check 
spectra intended for reference or publica- 
tion several times a day at one point. 
Preferably this should be done at a low 
wavelength, as temperature effects are 
most apparent here. 
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Part III.—SprectTraAL RESOLUTION 
Introduction 


9. (a) Resolution is defined as the 
ratio \/AX, where \ is the wavelength of 
the region being examined, and Ad is 
the separation of two absorption bands 
that can just be distinguished. Resolu- 
tion can also be defined as v/Av, where v 
and Ay refer to the wavenumber scale. 
For a given region of the spectrum, a 
specification of Ad or Ay gives a sufficient 
indication of instrument resolution to 
use in designating the different conditions 
of resolution. 

(b) Four separate conditions of resolu- 
tion, designated condition A, condition 
B, condition C, and condition D have 
been specified for the ultraviolet, near 
infrared, and infrared (sodium chloride 
prism) regions of the spectrum. Condi- 
tion A is the lowest resolution that 
would probably be used in an analytical 
procedure. Conditions B, C, and D show 
increasingly better resolution (Note 6). 

In a particular analytical procedure, 
one of these conditions will be set as a 
minimum necessary to obtain results of 
a specified accuracy. It may be possible 
to use a spectrophotometer for a method 
of test if it meets a certain condition in a 
given wavelength range, even though it 
does not meet it in other wavelength 
ranges, provided the method of test 
makes use of the region where the 
instrument passes the test. 


Note 6.—As instruments are improved, 
or as the need may be required in a particular 
analysis, conditions of still higher resolution may 
be designated by E, F,..... inl 


Instrument Operating Conditions 


10. (a) General Precautions—A\ll 
operating parameters must be set to the 
same values in both the resolution test 
and the analytical method. Such param- 
eters include wavelength scanning speed, 
response time, amplifier gain, detector 


: 
- i 
; 
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bias, servo system gain settings, slit 
widths, and other relevant variables. 
Narrower slit widths may be used for 
the method of test, but not wider ones. 
In the conventional infrared region, for 
example, better resolution values can 
usually be obtained by taking a longer 
time to make the measurement. This is 
accomplished by narrowing the slits, 
increasing the amplifier gain to restore 
normal signal to the recorder (or to 
restore normal servo loop gain in double 
beam instruments), and then increasing 
the response period to reduce the noise 
to the desired value. The increased 
response period then requires slower 
scanning speeds for accurate photo- 
metric results. On meter-reading instru- 
ments, one must take a correspondingly 
longer time for the needle deflection to 
reach equilibrium. Therefore, if a certain 
resolution condition is obtained only 
with such operating settings, the analyt- 
ical procedure must not be performed so 
that a shorter time per measurement is 
used. 

(b) Operating Conditions Required.— 
In order to secure satisfactory results, 
the following operating conditions 
should be maintained: (/) the slits of the 
monochromator should be set to the 
desired widths, thus determining the 
energy level at which the detector must 
operate, (2) the gain of the signal 
amplifier or of the servo amplifier must 
be set to give the proper response or 
sensitivity, (3) the damping or time 
constant of the detector system must be 
set at the value necessary to give the 
desired signal to noise ratio, and (4) the 
scanning speed of the instrument should 
then be set at the fastest speed that does 
not distort the recorded spectra. 

(c) Noise—These resolution condi- 
tions should be obtained when the peak- 
to-peak noise is less than 0.5 per cent 
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The noise value should be obtained on 
scanning-type instruments by allowing 
the signal to activate the recorder pen 
with the chart running, but with the 
wavelength drive off. If the chart drive 
is not independent of the wavelength 
drive, the latter should be disconnected. 
Since this test need not be run fre- 
quently, the inconvenience in this case 
should be slight. A time interval of 10 to 
15 sec, or four times the response period 
of the detecting-amplifying-recording 
system, whichever is longer, should be 
allowed. The maximum ordinate excur- 
sion of the pen should be noted. 

In meter-reading instruments, the 
same procedure should be followed, 
except that the operator must know the 
correlation between meter deflection and 
per cent transmittance. This can be 
determined by setting the instrument to 
give the final transmittance measure- 
ment of the sample, turning the trans- 
mittance dial through an additional 0.5 
per cent transmittance, and noting the 
meter deflection. 


Ultraviolet and Visible Region 


11. (a) Materials and Concentration.— 
Benzene vapor in a 1-cm, stoppered 
silica cell shall be used. The benzene 
concentration must be such that the 
absorbance of the band at 236 muy lies 
between 0.65 and 0.85. This concentra- 
tion can usually be obtained by placing 
a few drops of liquid benzene in a 1-cm 
stoppered cell, allowing it to stand for 1 
min, and then quickly emptying the cell 
and stoppering well. 

(6) Results —The four spectra of Fig. 1, 
show four conditions (A, B, C, and D) 
of resolution in the region of 236 mu. 
To achieve a given condition, the instru- 
ment must resolve the peaks as well as 
shown on these spectra at the correct 


concentration of benzene. Mp 
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Fic. 1.—Absorption Spectra of Benzene Vapor Showing Four 
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Four Different Conditions of Resolution in the 2.6-4 Region. 
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Fic. 5.—Absorption Spectra of Ammonia Vapor Showing Four Conditions of Resolution in the 
12.5-u Region. 
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Near-Infrared Region 


12. (a) Materials and Concentration.— 
Atmospheric water vapor shall be used. 
Ordinary conditions of humidity will 
produce the proper concentration, unless 
the instrument is evacuated or purged 
with a dry gas. In the latter cases the 
instrument must be vented to the 
atmosphere. 

(b) Results—The four spectra of Fig. 
2 show four conditions (A, B, C, and D) 
of resolution for water vapor in the 
region of 2.6 u. 


TABLE I.—RESOLUTION VALUES 


‘485 


materials for the four conditions speci- 
fied. 


Part IV.—PHOTOMETRIC REPEAT- 
ABILITY AND LINEARITY 


Introduction 


14. (a) The basic requirements for the 
photometric system of a spectrophotom- 
eter are repeatability and_ linearity. 
Photometric linearity refers to the ability 
of a photometric system to yield a pre- 
scribed relationship between the radiant 
power incident on its detector and some 


FOR DIFFERENT CONDITIONS. 


Spectral Region 
Condition 
Poe 3u 12 
20 40 80 
ine Ad 0.15 0.15 4 0.15 
Av 170 em™! 40 em 10 em™ 
40 80 160 
Av 34 83 em™ 2 af 
200 400 800 
Av 17 cm™ 1 cm™ 


Infrared Region (Sodium Chloride 


Prism) 

13. (a) Materials —For the test in the 
3 uw region, a sheet of polystyrene 0.002 
in. thick is necessary. Ammonia gas at 
200 mm pressure in a 5-cm cell, or an 


equivalent concentration and_ path 
length, should be used for the 6 and 12 
regions. 


(6) Resulis—Table I gives the values 
of resolution, AX and Ay, for four condi- 
tions (A, B, C, and D) at the three 
test wavelengths. The spectra of Figs. 
3, 4, and 5 show the resolution that 
should be obtained using the above 


measurable quantity provided by the 
system. In the case of a simple detector- 
amplifier combination, the relationship 
is direct proportionality between incident 
radiant power and the deflection of a 
meter needle or recorder pen. Photo- 
metric accuracy, although desirable, is 
not a basic requirement. 

(b) Few valid techniques for determin- 
ing photometric linearity exist. The 
method to be employed here depends on 
the agreement of instrumental results 
with Bouguer’s law. This law states that 
the absorbance of a homogeneous sample 
is directly proportional to sample thick- 
ness. Tests of Bouguer’s law in the 
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visible, ultraviolet, and near-infrared 
regions (Note 7) are readily performed by 
using commercial filters which are inter- 
posed in the sample beam individually 
and in groups to determine whether the 
absorbance increments are additive. 
Accurate agreement between the sum of 
the absorbances of the individual filters 
and the absorbance of the group provides 
a high probability of photometric 
linearity. 


Note 7.—At present this section covers test 
methods applicable to the ultraviolet, visible, 
and near-infrared spectral regions. The infrared 
region will be included at a later date. A section 
on photometric accuracy will also be added. 


(c) For exacting tests of Bouguer’s law 
there must be no beam deviations or 
multiple reflection effects to cause 
extraneous errors. This is accomplished 
by positioning each filter at a different 
angle to the beam todeviate the multiple- 
reflected rays, and substituting a trans- 
parent slide of equal optical thickness 
when a filter is removed from the beam 
to avoid beam deviations. A suitable 
angle in most spectrophotometers is 10 
deg rotation about a vertical axis, giving 
a 20-deg deviation of the first reflected 
beam. In some spectrophotometers it 
may be necessary to lengthen the beam 
or to narrow the aperture in front of the 
phototube enough to avoid collecting 
the doubly reflected beam, or it may be 
necessary to do both. 

(d) A still simpler arrangement is per- 
missible if the beam in the cell space is 
collimated with respect to the photo- 
detector. This provision makes the sys- 
tem insensitive to small lateral beam 
displacements. It is then not necessary 
to substitute a transparent slide for the 
removed filter. 

(e) Metallic screens are available’ 
with electrolytically perforated holes 
having conical cross-sections with sharp 
edges. Such screens are almost achro- 
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matic beam attenuators. If screens are 
precalibrated against standard filters or 
by measurement on the same spectro- 
photometer when it has been verified to 
be linear, they are recommended for 
routine use as secondary standards as 
well as for repeatability tests. Fe ht 


Precautions 


15. (a) Stray Radiant Energy.—Stray 
radiant energy will cause photometric 
nonlinearity in tests that are sensitive to 
spectral composition, such as Bouguer’s 
law tests with colored glass filters. 
Correction for the effects of stray radiant 
energy is not recommended because of 
the numerous and variable causes. The 
only safe assumption is that measure- 
ments are in error at least in proportion 
to the amount of stray radiant energy 
indicated by tests performed with the 
detector being tested. (See Section V on 
Stray Radiant Energy.) 

(b) Wavelength Dependence-—A pho- 
tometer that is linear at one wavelength 
is usually equally good elsewhere. Judg- 
ment must be exercised in applying this 
rule, however, as exceptions are known 
to exist. Only if tests giving concordant 
results bracket the wavelength region of 
interest is it safe to assume that the rule 
applies. 

(c) Photometer Response Characteris- 
tics.—Preliminary tests should be per- 
formed to evaluate backlash and sticking 
friction of the photometer indicating 
recording device, to insure that good 
adjustment prevails and that results are 
not invalidated by readily prevented 
factors. Tests should include observation 
of indicator speed and hysteresis charac- 
teristics following both large and small 


7 Suitable screens are available from the 
Pyramid Screen Co., 264 Mason Terrace, Brook- 
line 46, Mass. Screen 60M is fine mesh, with 
absorbance approximately 0.68. Numbers 15M 
and 10S are coarser, with absorbance approx- 
imately 0.36 and 1.1, respectively. Conical 
perforations in nickel sheet should be specified. 


i} 
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excursions. For best accuracy, to avoid 
errors caused by paper guidance mecha- 
nisms and printing faults, results should 
be read from recorder fixed scales rather 
than charts. 

(d) Sample Position—In order to be 
sure that the inevitable slight sample and 
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even when using an otherwise ideal 
photometer system. 

(f) Effects of Fluorescence-—The effects 
of fluorescence in samples interposed 
between monochromator and detector 
may produce serious errors. Commercial 
spectrophotometers differ in sensitivity 


TABLE II.—TRANSMISSION DATA FOR FILTERS. 


| 
410 0.12 (min) 8 
565 0.30 (min) 11 
Corning 5000............. 655 0.45 (max) 7 any 
695 0.41 (min) 15 
820 0.45 (max) 35 -~ 
350 0.55 (min) 
410 0.88 (max) 
Corning 3307... ... 500 0.36 (side) 16 
660 0.07 (min) SOU 
1200 0.14 (max) 150 
500 0.16 (min) a 
Corning 9782 (4-96). ......] Standard........ 2200 0.45 (max) 
2420 0.38 (min) 
; 230 0.57 (side) 14 
Standard........ 240 0.36 (side) 65 ov 
Corning 5120 (1-60) Didym- 1510 0.43 (max) 7% 
Standard........ 1900 0.32 (max) 20 
2380 0.32 (max) 10 
2950 0.36 30 


* Resolution required for absorbance measurement accuracy to +0.001. Resolution is specified 
in “effective band width’ = ‘4 spectral band width” (E. F. Hartree, Bulletin, British Photo- 


electric Spectrometry Group, Vol. 1 (1949)). 


beam nonuniformities do not affect re- 
sults, samples must be marked and 
mounted to permit reproducing their 
position in the beam exactly. Optimum 
positions, if a choice exists, are those 
where the beam has best uniformity and 
largest cross-section area. 

(e) Effects of Polarization—The radi- 
ant energy passing most monochro- 
mators becomes strongly _ polarized. 
Detectors and their associated optical 
elements are seldom completely indiffer- 
ent to the polarization state of the 
incident radiant energy. Hence, measure- 
ments of optically active or birefringent 
samples must be viewed with suspicion 


to fluorescence. “Sharp cut’’ filters® are 
useful to detect fluorescence effects. 


Apparatus 


16. (a) Screens—Screens’ should be 
mounted in holders similar to those used 
for glass filters (see Paragraph (0)). 

(b) Tests of Bouguer’s Law.—Suitable 
glass filters for use in these tests, together 
with recommended wavelength points 
and approximate respective absorbance 
values, are given in Table II. Thicknesses 


8 “Glass Color Filters,’’ Corning Glass Works, 
Optical Sales Dept., Corning, N. Y., have been 
found satisfactory for this purpose. = 


| 
5 
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are chosen to provide a wide selection of 
absorbance values occurring at maxima 
and minima. Those filters with thick- 
nesses which differ from Corning stand- 
ards are purchased as molded plates, 
ground and polished to meet the follow- 
ing specifications: Select areas free of 
striae and large bubbles. Finish to 
spectacle lens quality, flat to ten fringes 
to within 7g in. of edges, and parallel to 
within 6 min of arc. 

To protect filters from contamination 
and scratches and to secure them repro- 
ducibly in the beam, it is recommended 
that they be mounted in blackened 
aluminum or brass frames. The mount 
should secure the filter by spring tension 
or otherwise to prevent motion and 
should center the filter in the beam. 

Use of filters in sets of three, mounted 
normal and at plus and minus ten degrees 
from normal to the beam, is recom- 


mended. 
Measurement Procedure 


17. (a) Screen Checks for Repeatability: 

(1) Set the spectrophotometer con- 
trols to duplicate the conditions of in- 
tended analytical application. 

(2) Measure the screen transmittance 
compared with air path. 

(3) Compare with the initial check 
value. 

(b) Test of Photometric Linearity: 

(1) Adjust the spectrophotometer to 
duplicate conditions typical of analytical 
use. See Table II for wavelengths and 
slit width limits for recommended 
filters. 

(2) If operating at the maximum or 
minimum absorption of the filter, set the 
wavelength dial for the exact wave- 
length of the peak. 

(3) Record the operating conditions. 

(4) Record the transmittance or the 
absorbance for each filter separately, 
then in pairs, trios, etc., in all combina- 
tions. 


(5) To calculate the error, divide the 
products of the individual transmittances 
into the transmittance of the combina- 
tions, or subtract the sum of the indi- 
vidual absorbances from the absorbance 
of the combinations. 


Part V.—StrRay RADIANT ENERGY 
Introduction 


18. (a) Stray radiant energy is all 
radiant energy reaching the detector at 
wavelengths different from the nominal 
wavelength band for which the instru- 
ment is set. It is commonly expressed as 
a percentage of the total energy or 
power (J, or P,) reaching the detector in 
the absence of an absorbing sample. 

(b) “Near” stray radiant energy is that 
component of the total stray radiant 
energy which has wavelengths near that 
of the nominal wavelength. Although not 
covered specifically with a test method, 
it may be important separately in the 
use of exceptionally sharp, narrow bands, 
at any wavelength. A discussion of the 
effects of near stray radiant energy, and 
of a method of measurement in the ultra- 
violet, has been presented elsewhere 
(7). 
(c) Stray radiant energy causes ob- 
served absorbance values to differ from 
the true values. Usually the observed 
values will be lower, but they may be the 
same or higher (8). Stray radiant energy 
is one of the factors leading to curves of 
concentration versus absorbance that 
are not straight lines at high values of 
absorbance. It may cause error in the 
calculation of absorptivities. The accu- 
racy of differential measurements may be 
decreased by stray radiant energy, since 
errors are greatest at high absorbance. 


Specification of Stray Radiant Energy 


19. (a) General—The amount of stray 
radiant energy is expressed as that frac- 
tion of the total radiant energy reaching 


=t 
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the detector which has wavelengths 
other than the nominal wavelength band 
and within the range of sensitivity of the 
detector. It is only this fraction which 
affects the observed value of the trans- 
mittance. A more exact specification 
would involve not only the amount but 
also the distribution curve of the radiant 
energy reaching the detector, emphasis 
being given to the wavelength region of 
high detector sensitivity. 


TABLE III.—CONDITIONS UNDER 
WHICH STRAY RADIANT ENERGY MAY 
INTRODUCE SERIOUS ERRORS. 


TABLE IV.—SUBSTANCES RECOM- 
MENDED FOR DETERMINING STRAY 
RADIANT ENERGY. 


Optics Source Detector 
0.240....| quartz UV UV 
quartz tungsten | UV 
0.350... .4 | glass any UV 
any® any visible 
0.650 quartz or | tungsten | UV or 
glass visible 
Tee any any PbS cell 
NaCl any any 
CsBr any any 
CsI an an 
y y 


* Applicable for the region indicated. 


Stray radiant energy may be estimated 
by comparing the observed transmittance 
with the érue transmittance of samples 
that have very low transmittance values 
at the wavelength of measurement but 
are transparent elsewhere. The fraction 
of incident radiant energy that is stray is 
approximately the difference between 
observed transmittance and true trans- 
mittance: 


T, = stray radiant energy fraction 
= T (observed) — T (true) 


There is normally a definite relation- 
ship between the stray radiant energy at 
one wavelength and the values at all 
other wavelengths where the same instru- 
ment, source, and detector are used. 
Thus, it is possible to characterize the 
behavior of an instrument, source, and 


True 
length, it- 
0.205...| Corning Vycor filter No. | 107° 
7910, 3.3 +0.3 mm thick,” 
polished both sides 
0.310...| Corning filter No. 9782, | 10~¢ 
6.0 + 0.1 mm thick,° 
polished both sides 
0.750...| Corning filter No. 9782, | 10-5 
56.0 + 0.1 mm thick, 
polished both sides 
2.728 Corning Vycor filter No. | 107% 
7910, 33 + 03 mm 
thick, polished both sides 
9.00.. Lithium fluoride plate, 5.0 | 1073 
mm —0+2 mm thick, 
polished both sides 
14.3¢....| Polystyrene sheet.? Trans- | 107° 
mittance of band at 11.0 
uw shall be 31 + 5 per 
cent T 
25.00....| Sodium chloride plate,* 5.0 | 107° 
mm —0+2 mm thick, 
polished both sides 
35.00. . Potassium bromide plate,* | 
5.0 mm —0+2 mm thick, 
polished both sides 
49.00....| Cesium bromide plate,* 5.0 | 107% 
mm —0+2 mm thick, 
polished both sides 


* Minimum of band. 

>The standard Corning polished thickness 
of 2.0 + 0.1 mm for the 7910 Vycor filter 
is not thick enough for satisfactory near in- 
frared measurement. A thickness of 3.3 mm is 
satisfactory and can be obtained at a moderate 
increase in price (A 2 in. square piece costs about 
$5.00). If the piece is made significantly thinner 
than the nominal value, there will be some true 
transmittance which will be measured as stray 
radiant energy. If it is made significantly thicker, 
the measured transmittance will be too low 
(compared with the true stray radiant energy) 
due to absorption at other wavelengths. 

¢The 9782 filter has a standard polished 
thickness of 5.0 + 0.1 mm. It is a standard 
Corning thickness and may be obtained at no 
additional charge. 

4Lots of polystyrene at nominal 0.002 in. 
thickness usually fall within the specifications. 
Some manufacturers give away this material 
for advertising. 

¢ The alkali halide standards suggested are 
rather expensive. A tolerance up to 2 mm thick- 
ness allows for samples already in existence. 
If tolerances much larger than these are used, 
the standard would lose its validity, due to the 
differences in readings obtainable between two 
standards both of which are within tolerance. 
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detector over their complete wavelength 
range by a measurement at one wave- 
length in that range, to the degree of 
accuracy required for the purposes of the 
particular test method. This is best 
done at an extreme point of the range, 
where the percentage of stray radiant 
energy is greatest. 

A method requiring a measurement at 
220 mu might require that the stray 
radiant energy be less than 1 per cent 
near the extreme point of the range, say 
205 my. This can be represented as: 
T, (205) < 1 per cent. In general, the 
stray radiant energy allowable can be 
specified at any wavelength as follows: 
T, (A) < nm per cent. 

(6) Conditions Under Which Stray 
Radiant Energy May Be Significant— 
Usually stray radiant energy is particu- 
larly important under the conditions 
listed in Table III. Under other condi- 
tions, the effects can frequently be 
neglected. Any absorbance value greater 
than 1.3, at any wavelength, is a critical 
absorbance condition. 


Measurement Procedure 


20. In order to determine the stray 
radiant energy proceed as follows: oper- 
ate the instrument in the same way as 
when using it in an analytical method 
requiring the measurement, and measure 
the transmittance of an appropriate 
filter or sample listed in Table IV for the 
wavelength specified. Wavelengths must 
be accurate to +2 per cent (Note 8). 
The value of the transmittance obtained 
is a measure of the stray radiant energy, 
T, (A) (Note 9). 


Nore 8.—The rather large tolerance for 
wavelength is allowable because of the opacity 
of the samples near the wavelength specified. 

Since the true transmittances of all samples 
and filters shown in Table IV are negligibly 
small at the indicated wavelengths, the true 
transmittance term may be disregarded, and 
only the observed reading need be recorded. 

Note 9,—One possible approach is to esti- 
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mate the stray radiant energy in an instrument 
at the wavelength to be used in the analysis by 
first increasing the concentration or sample 
path length of the material absorbing at that 
wavelength until the true transmittance is very 
low, say 0.01 per cent, as predicted by Beer’s 
law or the calibration curve. Then 7, (analytical 
) is measured in a manner similar to that given 
in Section 20, for the standard wavelengths, but 
using the sample and wavelength described 
above. The value 7, (standard A) is measured at 
the appropriate standard wavelength, using the 
filter as described in Section 20. If it is deter- 
mined that a value of WN per cent stray radiant 
energy is permissible at the analytical wave- 
length, then the tolerance at the standard 
wavelength may be established as follows: 


N(standard 


alg = N(analytical A) X 


T,(standard 
T, (analytical d) 


Part VI.—ABSORPTION CELLS 
Introduction 


21. There are a number of cell window 
materials that can be used in the various 
regions of the spectrum. Some pertinent 
information concerning the more com- 
mon materials is given in Table V. No 
attempt will be made to discuss the 
individual materials in detail. For such a 
coverage, reference should be made to 
the literature (9,10). 


Ultraviolet, Visible, and Near-Infrared 
Cells 


22. (a) General Considerations—The 
most common cell used in this spectral 
region is the 1-cm path length liquid 
cell. In addition, the 5- and 10-cm path 
length cells are quite common. These 
cells have optical windows of either fused 
silica or glass. The useful wavelength 
ranges for each of these materials is given 
in Table V. 

Ideally a cell should serve only as a 
holder for the sample and not contribute 
anything of its own to the sample’s 
absorption. Practically speaking, all 
materials have some absorbance and the 
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requirement becomes one of constancy 
and uniformity. Cells should be optically 
clear and have windows that are parallel 
to each other and perpendicular to the 
light path. In all analytical methods, the 
absorbance of different solutions is to be 
compared. With most instruments, 
several cells are used and therefore it is 
important to have cells that are matched 
to each other. The tests to be applied are 
designed to demonstrate the uniformity 
of the cells and to determine the correc- 
tion factors to be applied if small differ- 


water or a mild sulfonic detergent. If 
residue persists, a mixture of equal 
volumes of 3V HCl and alcohol has been 
recommended. For fused silica cells 
soaking in chromic acid cleaning solution 
is used by many, but care must be taken 
to rinse the cells with water immediately 
after removing from the cleaning solu- 
tion. Alkaline solutions, detergents con- 
taining “optical bleaches,” abrasive 
powders, fluorides, and materials that 
might etch the optical windows should 
not be used. 


TABLE V.—CELL WINDOW MATERIALS. 


Material Useable Range, 
excellent 0.35 to 2 0.35 to 2 
excellent 0.7 to 5.5 0.7 to 6 
good 0.19to 9 0.19 to 10 

excellent 0.19 to 12 0.19 to 14 
poor 12 to 25 0.2 to 25 
good 0.6 to 22 0.6 to 25 
KRS-5 (thallium-bromo-iodide). . . . good 15 to40 0.6 to 40 


ences are observed. For precise work, 
since there are usually small differences 
between cells, the cells should always be 
positioned in the same way in the holder; 
and the holder should, of course, always 
be positioned in the same way in the 
instrument. 

The most common cause for marked 
differences between absorption cells is 
dirty optical windows. If cells are not 
properly rinsed or if the rinsing solution 
leaves a residue on evaporation, a film 
may be formed on the optical window 
that absorbs part of the radiation. Dis- 
tilled water or reagent grade methanol 
are suitable solvents for rinsing cells. 
When handling, care should be taken to 
avoid touching the optical windows and 
the cell should be wiped clean before 
placing in the cel! holder. If cells become 
dirty they can be cleaned by soaking in 


When measurements are made at 
wavelengths less than 220 my, special 
care must be taken to avoid errors due to 
fluorescent emission from the cell win- 
dows and polarization in the case of crys- 
tal quartz windows. A summary of the 
problems associated with measurements 
at these short wavelengths and some sug- 
gestions for solving them are given in the 
literature (11). 

_A knowledge of the absolute path 
length of a cell is not essential in analyt- 
ical procedures where similar solutions 
are only compared. However, when 
determining absorptivities or some re- 
lated value the path length enters into 
the calculation and must be known. An 
accurate determination of the path 
length is not practical in most labora- 
tories and the best practice is to purchase 
a cell of known path length. 
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(6b) Measurement Procedures: 

(1) Cleanliness——Determine the ab- 
sorbance of the cell versus air reference. 
This procedure primarily tests for 
cleanliness, although gross differences 
in thickness or parallelism of the 
optical windows will also be detected. 
Fill the cell with clean, distilled water. 
Measure its absorbance against air at 
240 my for quartz cells and 650 my for 
glass cells. With recording instruments, 
it is desirable to scan over the spectral 
region of interest. Rotate the cell in 
its holder (180 deg) and measure its 
absorbance again. The absorbance 
should be in the range of 0.083 to 
0.093 for 1-cm quartz cells and 0.025 
to 0.035 for 1-cm glass cells. Rotating 
the cell in the holder should not give an 
absorbance difference greater than 
0.005. 

(2) Matched Cell Windows.—This 
test compares the thickness of the 
optical windows and to a lesser extent 
‘the difference in path length. Fill both 
cells with clean, distilled water. Deter- 
mine the absorbance of one cell as 
compared to the other cell as reference 
at the wavelengths to be used in the 
analytical procedure. The difference in 
absorbance should be less than 0.003 
for matched cells. Differences greater 
than 0.015 usually indicate dirty cells. 
Cells that do not meet the above 
specification may be used after deter- 
mining the difference in absorbance 
between the cells using the appropriate 
reference solution in both cells at the 
wavelengths of interest and applying 
this difference as a correction factor to 
the absorbances measured in that cell. 

(3) Matched Path Length—Prepare 
a solution of 0.001 M sodium dichro- 
mate (NazCr,O7) in 0.01 N sulfuric 
acid (H,SO,). Filter if not absolutely 
clear. In a 1-cm cell this solution 
should have an absorbance of about 
0.5 in the region of 430 my. Rinse the 
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cells to be compared with the solution 
and then fill. Measure their absorbance 
in the region of 430 my as compared 
with distilled water as reference. 
Repeat this procedure. The difference 
between the average absorbance values 
for the cells, corrected for differences 
in blank as determined in Item (2), 
should not exceed 0.003 units. 
ose) oF 
Infrared Cells 
23. (a) General Considerations —The 
three most common types of infrared 
cells—demountable liquid, sealed liquid, 
and gas—will be considered under the 
following test procedures. Most of the 
window materials used for these cells 
require special handling techniques, 
particularly those that have a poor 
resistance to water (Table V). No at- 
tempt will be made to discuss each type 
of cell window in detail. Such informa- 
tion, including excellent descriptions of 
cells and methods of cell assembly, can 
be found in the literature (9,10,12,13). 
Much of what was said regarding the 
general considerations of ultraviolet, 
visible, and near-infrared cells also 
applies to those used in the infrared 
region. For example, cells should be 
properly rinsed immediately before and 
after using, care should be taken to avoid 
touching the optical windows, and the 
cell should be wiped clean before placing 
in the cell holder. For infrared work it is 
not necessary that the cells be optically 
clear; however, they should be free of 
foreign matter. Contaminants can gen- 
erally be detected by simply obtaining an 
infrared spectrum of the empty cell and 
noting the presence of any extraneous 
absorption bands. (Do not confuse with 
interference fringes, as described in the 
following test methods.) 
(b) Measurement Procedures! 
(1) Leakage: 
Demountable Liquid Cell.—The cell, 
having been filled with the material of 
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interest, should exhibit no evidence of 
leakage at the completion of the infra- 
red measurement; that is, the window 
aperture should be full of solution. 
This cell is not generally recommended 
for quantitative analysis. 

Sealed Liquid Cell—Fill the cell 
with chloroform, using a hypodermic 
syringe. Plug the exit and _ inlet 
holes with tetrafluoroethylene plastic 
(Teflon) stoppers. Let stand at room 
temperature for a 3-hr period. The 
cell should exhibit no loss of liquid. 

Gas Cell—Connect the cell to a 
manometer and to a vacuum system. 
Evacuate the cell and isolate it from 
the vacuum system by some suitable 
means; for example, a stopcock. The 
pressure inside the cell should be less 
than 1 mm of mercury, as measured on 
the manometer. Allow to stand for 1 
hr. The cell should exhibit less than 1 
mm of mercury rise in pressure on 
standing. 

(2) Path Length: 

Demountable Liquid Cell-—Measure 

the thickness of the spacer used with a 
micrometer or some other suitable 
_ device. It should be understood that 
this measure is only approximate (one 
significant figure) and where circum- 
stances require a more accurate value 
of path length, a sealed liquid cell 
should be used. 
Sealed Liquid Cell.—Place the clean, 
empty cell in the sample beam of an 
infrared spectrophotometer. Adjust 
the instrument to record approxi- 
* mately 80 per cent transmittance. All 
other instrument settings should be 
those used for general qualitative 
analysis. It is important that the 
instrument should meet the calibra- 
tion specifications as given in Part IT 
on Wavelength Accuracy. Scan a 
region of the spectrum that yields a 
series of clearly defined interference 
bands, similar to Fig. 6. 


~ 


If poor fringes are observed (less 
than 2 per cent peak to peak ampli- 
tude) the cell should be reconstructed, 
taking care to improve the optical 
flatness and parallel alignment of the 
cell windows. 

The optimum spectral region to scan 
depends on the thickness of the cell. 
Table VI will serve as a rough guide in 
deciding which region of the spectrum 
to run. In the case of single beam 
instruments that record atmospher- 


ic absorption bands and _ thereby 
o 
E to Peak 
Amplitude 
Wavelength 


Fic. 6.—Typical Interference Pattern for a 
Sealed Liquid Infrared Cell. 


TABLE VI.—SPECTRAL REGION. 


Cell Thickness, mm Wavelength, yu 
0.0125 2 to 6 


limit the usable wavelength regions, 

the recommended ranges do not apply. 

Here, judgment must be used. 
Calculate the thickness of the cell 


from the equation: ae 
where: 
b = thickness of the cell, 
n = number of maxima between 
A. and A, (wm = o at d,), and 
d., An = wavelengths of maxima (A, 


greater than A,). 
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or, if the instrument records on a 
linear wave number basis, then 


— va) 


where: 
Voy Vn = Wavenumbers of maxima. 
Choose a value of m greater than 10. 


Note 10: Example.—If = 2.13u, An = 
6.954, and m = 16; then the thickness of the 
cell, b, is given by: 

16 6.95 X 2.13 
2 6.95 — 2.13 


b = 24.64 = 0.0246 mm 


Gas Cells—Measure with a rule. 
Because of the relatively long path 
lengths, the percentage error will be 
inherently low. 

(3) Matched Cell Pairs—Choose a 
material that exhibits an absorption 
band or bands with an absorbance of 
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the spectrophotometer and scan the region 
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cell in the reference beam and rescan the 
same region. The lack of compensation should 
not be greater than 0.006. 

Cells which do not meet the above require- 
ment may be used after determining the 
difference in absorbance between the cells 
using the appropriate reference solution in 
both cells at the wavelengths of interest and 
applying this difference as a correction factor 
to the absorbances measured in that cell. 
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ON 
MATERIALS FOR ELECTRON TUBES AND SEMICONDUCTOR Nd 
DEVICES* 
Committee F-1 on Materials for and specifications relating to the activi- 


Electron Tubes and Semiconductor 
Devices held three meetings during the 
year: in Skytop, Pa., on November 6, 
7, and 8, 1957; in Washington, D. C., 
on February 26 and 27, 1958, and in 
Boston, Mass., on June 23 and 24, 1958. 

At the Washington Meeting John R. 
Cuthill, of the National Bureau of 
Standards, spoke on “Field and Thermi- 
onic Emission Phenomena in Metals,” 
and Frank J. Biondi, of Bell Telephone 
Laboratories, spoke on “Cleaning of 
Parts for Electron Devices.” 

The committee consists of 79 members, 
of whom 37 are classified as producers, 
27 as consumers, and 15 as general 
interest members. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, S. A. Standing. Td 
Vice-Chairman, F. J. Biondi. 
Secretary, S. Umbreit. it 


Assistant Secretary, C. L. Guettel. 

A. P. Haase was appointed chairman 
of Subcommittee I, Cathode Materials, 
replacing A. M. Bounds, who resigned 
this position. E. A. Thurber was ap- 
pointed chairman of Subcommittee VITI, 
Editorial, replacing C. L. Guettel. 

The F-1 compilation of ASTM Stand- 
ards on Electron Tube Materials has 
been published by the Society. This con- 
sists of the methods now carrying the 
F designation as well as other methods 


* Sixty-first Annual Meeting of the Society, 


June 22-27, 1958. aan 


ties of the committee. 

Liaison activities are continually 
maintained with other committees of the 
Society, including Committees E-2 on 
Emission Spectroscopy, E-3 on Chemical 
Analysis of Metals, and B-2 on Non- 
Ferrous Metals and Alloys. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1957 Annual Meet- 
ing, Committee F-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Specifications for: 
Tungsten Wire Under 20 Mils in Diameter 

(F 288 - 54 T), 

Round Wire for Use as Grid Lateral Winding 

Wire in Electron Tube Grids (F 290 — 54 T), and 
Nickel Alloy Cathode Sleeves for Electronic 

Devices (F 239 - 57 T). 

The revisions of Tentative Specifica- 
tions F 288 and F 290 were accepted by 
the Standards Committee on August 15, 
1957, and the revision of Tentative 
Specification F239 was accepted on 
December 13, 1957. The revised specifi- 
cations appear in the 1957 Supplement 
to Book of ASTM Standards, Part 6. 

The following new tentative methods 
were accepted by the Administrative 
Committee on Standards on March 31, 
1958, and April 15, 1958, respectively, 
and these methods are appended hereto:! 


1 The new tentatives appear in the 1958 Book 
of ASTM Standards, Part 2. 
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Methods of Test for: 
Testing Sleeves and Tubing for Radio Tube 


Tentative Method of Test for: 


Volatile Content of Germanium Dioxide (F 5 - 
58 T), and 

Bulk Density of Germanium Dioxide (F 6- 
58 T). 


New TENTATIVE Wn Electronic Devices and Lamps (F 205 56 


The committee recommends for pub- 
lication as tentative the Specifications 
for Aluminum Oxide Powder as appended 
hereto.! 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Tentative S pecifications for: 


Round Nickel Wire for Lamps and Electronic 
Devices (F 175 — 50). 


Methods of Test for: 


Bend Testing of Wire (Wire for Radio Tubes 
and Incandescent Lamps (F 113-41), 

Temper Strip and Sheet Metals for Electronic 
* Devices (Spring-back Method) (F 155 —50), 

Testing Wire for Supports Used in Electronic 
Devices and Lamps (F 157 — 50), 

Density of Fine Wire and Ribbon for Electronic 
Devices (F 180 - 50), 

Strength of Welded Joints of Lead Wires for 
Electronic Devices and Lamps (F 203 - 50), 

Surface Flaws in Tungsten Seal Rod and Wire 
(F 204 - 50), 

Measuring Residual Stress in Cylindrical Metal- 
to-Glass Seals (F 218 - 50), 

Testing Fine Round and Flat Wire for Elec- 
tronic Devices (F 219-50), and 

Measuring Mica Stampings Used in Electronic 
Devices and Incandescent Lamps (F 652-51). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative S pecifications for: 


Round Chromium-Copper Wire for Electronic 
Devices (F 268 - 56 T), and 

Molybdenum Wire Under 20 Mils in Diameter 

(F 289 - 56 T). 


Cathodes (F 128 - 56 T), 
Sublimation Characteristics of Metallic Ma- 
terials by Electrical Resistance (F 278 - 55 T), 
Diameter by Weighing of Fine Wire Used in 


and 
Sag of Tungsten Wire (F 269 - 52 T). 7 


Recommended Practice for: 
Cathode Melt Prove-in Testing (F 238 - 55 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Cathode Materials 
(A. P. Haase, chairman) has set goals 
to be attained in the cathode materials 
field to include the measuring of cathode 
characteristics and predicting the life of 
the cathode; the ability to measure coat- 
ing resistance and interface impedance 
separately; determining the photosensi- 
tive characteristics of cathodes; measur- 
ing the gas content of cathode materials; 
establishing good definitions for coating 
materials, including particle size, crystal 
structure, and reaction characteristics; 
further study of secondary emission in 
regard to magnetron type cathodes, and 
study of secondary emitter surfaces. 

The Electrical Test Section continues 
work on the design of a super-clean 
standard planar diode, the task force on 
this project having now prepared a 
tentative specification describing this 
test device. Four companies have shown 
their intention of using the Standard 
Planar Diode by obtaining life racks. 

The specification for the reference 
triode has been completed and is being 
reviewed editorially. It has been ap- 
proved by letter ballot for recommenda- 
tion as tentative. 

? The letter ballot vote on these recommenda- 


tions was faverable; the results of the vote are 
on record at ASTM Headquarters. 


~ 


_ New methods for measuring interface 
impedance are being studied, and in- 
vestigations on cathode sublimation 
measurements are continuing. Explora- 
tory work on cathodes operating under 
high voltage and pulse conditions is in 
progress, leading to a definite work 
program. 

The Physical and Mechanical Test 
Section of this subcommittee continues 
round-robin tests on hot and cold col- 
lapse strength of cathode sleeves. Work 
is in progress on a revised tentative 
specification for disk cathodes. 

Future work is planned on better 
measuring devices to give the accuracy 
required by the new tolerances in Speci- 
fication F 239 - 57 T. 

In the Data Section, consideration is 
being given to a new specification for 
statistically evaluating factory prove-in 
data of new melts of cathode material. 

Consideration is being given to the 
possibility of factory testing of various 
heats of Cathaloy A-31. Testing on 
passive alloys may be an _ eventual 
interest of this section. 

The Cathode Coating Adherence Section, 
recently formed from the task force in- 
vestigating this subject, is preparing a 
bibliography of articles pertaining to 
cathode coating adherence. 

The section is searching for a test for 
texture of applied coating and will at- 
tempt to define processing for standard 
devices in which materials can be com- 
pared and evaluated, the ultimate goal 
being a method of measuring adherence 
which would give numbers to permit the 
determination of different degrees of 
adherence. 

Subcommittee II on Insulators (C. M. 
Harman, chairman) has made consider- 
able progress on mica hole gage improve- 
ment. Two experimental model gages 
have been demonstrated, both appearing 
to have excellent possibilities. Further 
tests will be run and the models evalu- 
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ated with respect to the mechanisms for 
controlling the lifting and seating of the 
tapered pin used to determine mica hole 
size. 

Editorial changes have been made in 
Methods F 652 — 51. The proposed Ten- 
tative Specification for Aluminum Oxide 
Powder has been accepted for publica- 
tion. 

Subcommittee III on Strip (C. W. 
Horsting, chairman) has reviewed two 
standards for possible revision: Standard 
Method of Test for Temper of Strip and 
Sheet Metals for Electronic Devices 
(Spring-Back Method) (F 155 - 50), and 
Standard Method of Test for Density of 
Fine Wire and Ribbon for Electronic 
Devices (F 180 - 50). 

Proposed tentative specifications for 
strip for radio tubes are nearing final 
approval. 

Correlating results of the carbon ad- 
herence test with actual tube manufac- 
turing performance continues. 

Round-robin tests for gas content of 
strip have been conducted. The varia- 
tions in results, seemingly due to differ- 
ences in equipment and procedures, have 
stressed the need for a standard test 
method. Analysis of all test equipment 
and procedures will be made. 

Subcommitiee IV on Wire (D. R. 
Kerstetter, chairman) is balloting a 
proposed specification for round wire for 
use as grid side-rods in electron tubes. 
The subcommittee prepared the revis- 
ions of Specifications F 290 - 54 T re- 
ferred to earlier. Also under consider- 
ation are revisions of Specification 
F 205 — 56 T. 

The specification for miniature lead 
wire has been finally completed after 
consideration of the various tests for 
knot strength, and the specification has 
been submitted for letter ballot. Specifi- 
cation F 113 — 41 is being considered for 
revision. Further work continues in re- 
vising Specification F 219-50. 
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Subcommittee V on Metallic-Non- 
Metallic Seals (V. J. DeSantis, chair- 
man).—The Task Group on Glass-to- 
Metal Seals has continued broad 
investigation to establish groundwork 
for the development and understanding 
of a means by which a glass-to-metal 
seal could be made and evaluated. A 
tentative specification for Kovar glass 
seal has been formulated. In conjunction 
with this, preliminary studies will be 
made on the use of other seals such as 
Dumet, tungsten, molybdenum, No. 52 
nickel-iron alloy, No. 42  nickel-iron 
alloy, No. 4 alloy, and others. 

Sources of information concerning the 
practices of sealing molybdenum and 
tungsten are being further investigated, 
with the ultimate aim of formulating a 
sealing and evaluation specification for 
this type of seal fabrication. 

This group has also formulated a 
Tentative Method of Test for Iron- 
Cobalt-Nickel Alloy Glass Seals, using 
the simple “bead seal” and the “sand- 
wich seal” for this purpose. 

A Task Group on Standard Test 
Device for Metal-Ceramic Seals has 
conducted a round-robin test on ceramic 
test pieces, with sixteen companies par- 
ticipating. Items to be considered are: 
eccentricity; parallelism of the pulling 
faces; thickness of the metallizing and 
braze; type of metallizing (and maximum 
temperature); type of brazing alloy 
(and maximum temperature); load ex- 
erted during brazing; and breaking 
strength. 

Other task groups are working on the 
specifications for Dumet, with considera- 
ble progress noted, and continuing the 
preparation of a specification for sealing 
glasses. A method .of measuring the gas 
content of nickel wire when sealed into 
glass is under consideration by another 
task force. 
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Subcommittee VI on Semiconductors 
(H. C. Theuerer, chairman) prepared 
the Tentative Methods of Test for 
Bulk Density of Germanium Dioxide 
(F 6-58 T), and Tentative Methods of 
Test for Volatile Content of Germanium 
Dioxide (F 5-58 T) referred to earlier 
in the report. It is expected that publi- 
cation of these proposed specifications 
will encourage further investigation and 
evaluation. 

Subcommitiee VII on Luminescent 
Materials (J. G. Koosman, chairman) 
has conducted extensive tests for wet 
and dry adhesion. The wet adhesion 
test will be drawn up as a recommended 
procedure. This test has included com- 
mon sources of glass, potassium silicate, 
and barium acetate. A task group con- 
tinues work on dry adhesion tests. 

Interest in phosphor body-color meas- 
urement procedures is evident, and cur- 
rently available techniques are being 
explored and resolved. 

Three methods of measuring particle 
size of phosphors are being evaluated. 

Subcommittee VIII, Editorial (E. A. 
Thurber, chairman) has reviewed six 
methods and specifications for other 
subcommittees. 

Subcommittee IX on Materials Analyses 
(R. S. Kelly, chairman) has analyzed 
samples of the third lot of NiO, now 
designated as X673. Seven laboratories 
have participated in this analysis and 
are preparing statistical patterns of their 
findings. The problem of finding a pure 
and available base material is being 
explored. 

A task group is working to establish 
methods for the determination of trace 
impurities in iron-nickel-cobalt glass-to- 
metal sealing alloy. 

Work continues on analysis of clad 
materials. Close liaison with Committee 
E-3 has been maintained in this work. 


de 


Round-robin tests have been con- 
ducted on Cathaloy to test the efficacy 
of the pure nickel working curves when 
tungsten is present; final results have 
been reported. Methods for the determi- 
nation of magnesium and tungsten in 
electronic nickel have been approved for 
reference to letter ballot. 

Continued efforts will be made to set 
up a method for the vacuum fusion gas 
analysis of carbonized nickel and car- 


ee) 


— 


On MATERIALS FOR ELECTRON TUBES AND SEMICONDUCTOR DEVICES 


bonized nickel clad steel. Secretary. 
~~’ Subsequent to the Annual Meeting, Committee F-1 presented to the Society through ch 
. the Administrative Committee on Standards the following recommendations: "7 
“lectron Tube Materials Using Reference Triodes (F 8 58 T). bas 
Revision of Tentative Method of Test for: AE 

am Diameter Agg Weighing of Fine Wire Used in Electronic Devices and Lamps (F 205 - 56 ; 

ou T), and 

of Tungsten Wire (F 269 - 52 T). “le 

: These recommendations were accepted by the Standards Committee on September 9, f 
1958, with the exception of F 8 which was accepted on November 13, 1958. The new and tay 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 79 members; 41 members re- 
turned their ballots, of whom 37 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
S. A. STANDING, 
Chairman. 
STANTON UMBREIT, 
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The Board of Directors at its meeting 
of September 17, 1957, authorized the 
formation of a new technical committee, 
Committee F-2 on Flexible Barrier Ma- 
terials. The organization meeting of 
Committee F-2 was held on December 
12, 1957, in New York, N. Y.; the 
Steering Committee met on January 16, 
1958, in Philadelphia, Pa.; and the 
committee and subcommittees met on 
May 28, 1958, in New York. 

The scope for the committee has been 
defined as follows: 


Scope-—The development of definitions 
of terms and nomenclature, methods of 
test, and specifications for flexible barriers, 
including basic and composite materials 
and their application, and the promotion of 
research in this field. Standards covered by 
other committees shall be used when appli- 
cable. 

Typical flexible barrier materials are 
treated papers and fabrics, plastic films, and 
metallic foils, used alone or in various combi- 
nations. 


The committee consists of 70 members, 
of whom 43 are classified as producers, 
12 as consumers, and 15 as general 
interest members. Liaison contacts are 
maintained with other committees inter- 
ested in flexible barrier materials. 

The officers elected for the ensuing 
term of two years are as follows: 
Chairman, C. C. Sutton. 

Vice-Chairman, L. F. Swec. 
Secretary, T. M. Hill. 
Members-at-Large, W. B. Tibbets and 
James W. Goff. 


REPORT OF COMMITTEE F-2 
ON 
FLEXIBLE BARRIER MATERIALS 


Vo 
tot 
ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee II on Nomenclature and 
Definitions (R. B. Holmgren, chairman) 
has begun a literature search of all 
published definitions in the field of 
flexible barriers. This list will be cir- 
culated to the committee in order to 
determine which definitions should re- 
ceive first priority. 

Subcommittee III on Testing Methods 
(K. W. Ninneman, chairman).—In the 
area of transmission properties of flexible 
barrier materials, task groups were 
formed on Water Vapor Permeability 
(C. W. Desaulniers, chairman) and 
Gas Transmission (W. B. Kunz, chair- 
man). Other transmission properties 
which will be eventually covered include 
odors and flavors, grease and oil, light, 
and absorption of water and chemicals. 

An imposing list of mechanical or 
physical properties are being considered 
by the subcommittee. Of these, two will 
be studied by task groups as follows: 
Seal Strength (H. M. Weiner, chair- 
man) and Tear, Impact Bursting, and 
Tensile Strength (C. P. Kulesza, chair- 
man). 

In the area of chemical properties, 
investigations are under way on chemi- 
cal analyses, resistance to chemical 
reactions, biological characteristics, and 
corrosion inducing or inhibiting prop- 
erties. A task group on Moisture Content 
(J. R. Hickey, chairman) was appointed. 

Presently, the work of the subcom- 
mittee is largely that of a survey of 


published literature and industrial stand- 
ards now in use. This published material 
will form the base of subcommittee work 
in the near future. 

Subcommittee IV on Specifications 
(Paul Cope, chairman) will collect pub- 
lished data on the properties of flexible 
barrier materials. These data will serve 
to indicate those physical and chemical 
characteristics which should be included 
in flexible barrier specifications. These 
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data will also show which test methods 
are needed to determine the properties 
within the specifications. 


Respectfully submitted on behalf of 
the committee, 
C. C. SuTTON, 
Chairman. 
T. M. 
Secretary. 
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TENTATIVE FATIGUE STRENGTH REDUCTION FACTORS FOR. 
SILICATE-TYPE INCLUSIONS IN HIGH-STRENGTH STEELS* 


1 a 
By H. N. Cummincs', F. B. STULEN!, AND W. C. SCHULTE 


Values of the fatigue strength reduction factor for nonmalleable silicate in- 
clusions in single-nucleus fractures of high-strength steel specimens are esti- 


mated. Data for the computations are taken from tests on 309 specimens of | uae 
aircraft-quality SAE 4340 and 4350 steels, of 140, 190, 230, 260 and 300 ksi# _ = 
ultimate tensile strengths (UTS). It is concluded that the values of the notch - 
factors associated with these inclusions depend not only on the size of the . 
inclusions but also on the hardness level of the steel. Although the sizes of the 7 a 
inclusions nucleating the fatigue failures ranged from only 0.001 in. to 0.003 
in. in diameter, the fatigue strengths of those specimens having the larger = 
inclusions were found to be substantially below those having small inclusions. = 
Also, the reduction of fatigue strength by inclusions is more pronounced at the 
high hardness levels than at the 140 ksi ultimate tensile strength level. It is 


thought that for very small inclusions (less than 0.00025 in.) other inhomo- | 
geneities inherent in the steel itself may dominate the failure of a specimen. 


In a previous paper on the Relation 
of Inclusions to the Fatigue Properties 
of High-Strength Steel (1), the authors 
reported that practically all fatigue fail- 
ures of specimens made from several 
heats of high-strength steels nucleated 
at small microscopic inclusions of the 
silicate type. It was determined, qualita- 
tively at least, that the fatigue life and 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 


1 Consulting Engineer, Assistant Chief 
Engineer, and Chief Metallurgist, respectively, 
Curtiss-Wright Corp., Propeller Division, 


Caldwell, N. J. 
2ksi = one 
inch. 
3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 512. 


thousand pounds per square 


strength were dependent on the size of 
the inclusion at the origin of the crack 
if the stress was not too high above the 
fatigue limit. The present paper, which 
is an abbreviation of reference (3), deals 
with some studies of the quantitative 
aspects of the effect of nonmetallic non- 
malleable inclusions on the fatigue 
strength of specimens of aircraft-quality 
SAE 4340 and 4350 steel in the tensile 
strength range from 140 to 300 ksi? 
ultimate tensile strength (UTS). These 
steels were produced by the basic 
electric-furnace process. The specific 
objective of the present study is the 
estimation of fatigue strength reduc- 
tion factors for the inclusions that were 
the single-nucleus origins of fracture 


an 
4 
| 


of specimens tested in rotating-bending 
machines. 

The data used herein include those 
used in reference (1) and a considerable 
amount of additional data reported in 
reference (2). These data are tabulated 
in reference (3). The 309 specimens from 
which inclusion size data are currently 
available came from tests of SAE 4340 
steel of 140, 190, 230, and 260 ksi UTS 
and 4350 steel of 300 ksi UTS. The rela- 
tionships obtained are discussed below. 


AND SCHULTE 


cation of approximately 400 X, in po- 
larized light, and the inclusions nu- 
cleating the failures were measured by 
use of a micrometer eyepiece. 

The inclusions, which have already 
been observed to be more or less sphe- 
roidal {see photomicrographs, Figs. 37 
to 41, of reference (4)) in these heats of 
steel, were measured parallel to and 
perpendicular to the surface of the speci- 
men, and the geometric mean diameter 
(GMD), that is, the square root of the 


| ( Heavy Lines Indicate Range of Actual Tests) GMD = Mean 
iameter 
a 56 Specimens Dash Line=S-/ Curve for 
A aon Computations by Method A Reference (3) All Specimens 
Equation re Line is 
S=60.9 + 3.04W-0.85 
2 Where is “Millions of Cycles 
and S$ is ksi 
GMD 
3 10-Sin. 
5 | Specimens) 
Specimens) 
(8 Specimens) 200-250 +— 
| 
60 
(5 Specimens) 250-30 
2x104 4 6 105 106 2 4 6 0 


Cycles to Failure 


Fic. 
Failure, ‘0 ksi UTS—SAE 4340 Steel. 


TESTING. DETAILS AND PROCEDURE 


A full description of the testing proce- 
dures is given in reference (4). Briefly, 
the spec imens, of curved planform, with 
minimum diameter of 0!230 in. and 
surface finishes of 2 to 5 microinches 
rms, were tested in R. R. Moore rotat- 
ing-beam machines at 10,000 to 12,000 
rpm. Practically all cracks leading to 
fracture originated at small microscopic 
inclusions of the silicate type that 
were located at, or very close to, the 
surface of the specimen. Fracture 
surfaces were examined at a magnifi- 


S-N Curves for Smooth Specimens Having Inclusions of Limited Sizes at Origin of 


product of length and depth, was used 
as the characteristic size of the inclusion. 


ANALYSIS OF DATA 


In this investigation only those speci- 
mens having a single nucleus in the frac- 
tured surface were used in the analyses. 
It had been established that single- 
nucleus failures occur in a range of stress 
between the fatigue limit and an upper 
stress level that is about 30 per cent 
higher than the median fatigue limit. 
In this range the variance in stress was 
found to be substantially constant. 
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ae. ©=140 ksi UTS, 4340 Steel 
190 ksi UTS, 4340 Steel 
= A= 230 ksi UTS, 4340 Steel 
+= 260 ksi UTS, 4340 Stee! 


~N x= 300ksi UTS, 4350 Steel 


a 
— 
230 
o™ 
75 
50 
1¢) 50 100 150 200 250 280 
Inclusion Geometric Mean Diameter, (0-5 in. 


Fic. 2.—Average Fatigue Strength, for the Endurance Limit of Smooth Specimens Having In- 
clusions of Various Sizes at Origin of Failure. 
Solid lines show range of actual tests—computations by Method A (3). 
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Fatigue Strength Reduction Factor 


10) 50 100 150 200 250 300 
Inclusion Geometric Mean Diameter, 107% in. 


Fic. 3.—Tentative Fatigue Strength Reduction Factors of Nonmetallic Inclusions in SAE 4340 
Steel and 4350 Steel, at the Endurance Limit. 
Based on straight-line extrapolation, on Fig. 2, back to zero GMD. Computations by method A 


(3). 


The general plan followed in trying to could be obtained, it might be possible 
estimate stress concentration factors for to extrapolate to an S-N curve for in- 
the silicate inclusions found in the speci- clusion-free specimens. With such a 
mens studied was to divide the specimens curve available, ratios of strength with 
into inclusion size groups. It was thought no inclusion to strength with inclusions 


that if for each group an S-N curve of any size, that is, strength reduction 
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factors, could be obtained. After curves 
such as those shown on Fig. 1 had been 
obtained (see reference (3), method A), 
it became apparent that extrapolation 
would give only approximate results. 
Therefore extrapolation was tried only 
at the “endurance limit” end of the 
curves, with results as shown on Figs. 2 
and 3, giving computed values of 
strength reduction factors at the “‘en- 
durance limit” only. (It should be 
pointed out that certain inconsistencies 
appear, on Figs. 2 and 3, in that the 
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140 ksi UTS 
2 SAE 4340 Steel 
£ . Equation of Mean S-V 
oe Sk Curve is S=60.9 + 
a Where is Millions of 
2 | |Cycles and S is ksi 
Oh 4 
c 
> | | 
| 
P -10 it 
100 150 200 250 300 


Inclusion Geometric Mean Diameter , 10-5 in. 


Fic. 4.—Deviations of Specimen Strength 
from Mean Strength versus GMD of Inclusions 
that Initiated Failure. 


Computations by method B (3). 


curves for the 230 ksi 4340 steel and the 
300 ksi 4350 steel appear to be out of 
order with respect to the 140, 190 and 
260 ksi 4340 steel. It is thought that 
since these two steels are relatively 
“brittle,” the effect of the inclusions 
may be in some degree masked by some 
metallurgical factor related to brittle- 
ness.) 

Next, as described in reference (3), 
method B, the effect of inclusions of each 
size-group in causing the strength of 
the group to deviate from the mean 
strength of all the specimens was deter- 
mined. It was assumed that this devia- 
tion would be constant throughout the 
length of the S-N curve, and on that 


basis Figs. 4, 5, 6, and 7 were con- 
structed, giving a second set of computed 
values of strength reduction factors at 
the “endurance limit” only. The factors 
thus obtained are somewhat smaller for 
the 140, 190, and 260 ksi UTS speci- 
mens of SAE 4340 steel and slightly 
larger for the 230 ksi UTS and the 300 
ksi UTS 4350 steel than those obtained 


by method A. r 
\ ]o=140 ksi UTS, 4340 Steel 
90-260 ksi UTS, 4340 Steel 
\ 4230 ksi UTS, 4340 Steel 
+10 SN = +=260 ksi UTS, 4340 Steel 
4 XN x =300 ksi UTS, 4350 Steel 
o 
+ 5 \ 
c \ 
is} 
5 
= 
§ -5 
= ~~ 
a 
-10 
\ 
-15 \ 
50 100 150 200 250 300 


Inclusion Geometric Mean Diameter, 10-5 in. 


Fic. 5.—-Assumed Linear Relation Between 
Inclusion Size and Deviation from Mean 
Strength. 

Computations by method B (3). 


The uncertainty as to the true values 
of the factors is to some extent due to 
the questionable soundness of straight- 
line extrapolation. To test this matter, 
the deviations determined under method 
B were separated into groups of equal 
numbers of specimens, as described in 
reference (3) under method C, and Fig. 
8 was plotted for comparison with Fig. 
5. According to Fig. 8, the relation be- 
tween inclusion size and deviation of 
specimen strength from mean strength 
of all specimens is not linear. However, 
the eye-estimation curves drawn on Fig. 
8 are not consistently curved either up 
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150 
140 ksi ,UTS,4340 Steel 
| 0=190 ksi, UTS, 4340 Steel 

UTS 4=230 ksi, UTS, 4340 Steel 
2 ksi +260 ksi, UTS, 4340 Steel 
x=300 ksi, UTS, 4350 Steel 
~ 
wo 
230) 
3 a 
— 
= 75 
fe] 


50 100 


150 200 250 280 


Inclusion Geometric Mean Diameter,iO-5 in. 


Fic. 6.—Average Fatigue Strength, for the Endurance Limit, of Smooth Specimens Having In- 


clusions of Various Sizes at Origin of Failure. 


Solid lines show range of actual tests—computations by method B (8). 


uction Factor 


UTS 
Asi 


: 


Fatigue Strength Red 


50 100 


Steel and 4350 Steel, at the Endurance Limit. 


(3). 


or down. This could mean that the num- 
ber of specimens is not nearly large 
enough to determine the true relation- 
ship. At least it is a clear warning that 
the quantitative results of this investi- 
gation are subject to considerable revi- 
sion when an adequate amount of data 
become available. As a matter of fact, 
since reference (3) was prepared a con- 


150 200 250 300 


Inclusion Geometric Mean Diameter, 107 in. 
Fic. 7.—Tentative Fatigue Strength Reduction Factors of Nonmetallic Inclusions in SAE 4340 


Based on straight-line extrapolation, on Fig. 6, back to zero GMD—computations by method B 


siderable amount of additional data have 
become available. However, beyond 
determining that they will not greatly 
change the order of magnitude of the 
strength reduction factors, the authors 
have not yet had time to give them the 
thorough study that might produce 
answers to some of the questions that 
have arisen. 
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DISCUSSION 


On examining Figs. 3 and 7, it is seen 
that the long-life fatigue strengths of 
these steels seem to depend not only on 
the inclusion size but also on the hard- 
ness level of the steel. It is important 
to note that neither of these trends can 
be explained by the mathematical theory 
of elasticity. First, the classical theory 
would not predict a change in the notch 
reduction factor (or stress concentration 


+15 
o= 140 ksi UTS 4340 Steel 
O= 190 ksi UTS 4340 Steel 
4*230 ksi UTS 4340 Steel 
+0 -— +=260 ksi UTS 4340 Steel 
260 | *=300 ksi UTS 4350 Steel 
2 + 
2 
/40 
5 
23 
= 4 
\ 
-10 Xe 
-15 
50 100 150 200 250 300 


inclusion Geometric Mean Diameter, 1075 in. 


Fic. 8.—Assumed Nonlinear Relation Be- 
tween Inclusion Size and Deviation from Mean 
Strength. 


Computations by method C (3). 


factor) when the hardness of the mate- 
rial is changed. Second, the stress con- 
centration factor of a discontinuity, 
according to the classical theory, is not 
affected by the size of the discontinuity 
provided it is small in relation to the 
size of the cross-section. In other words, 
the notch reduction factor for a given 
type of inclusion should be constant 
regardless of its size and the hardness of 
the material. 

Several hypotheses may be advanced 
to explain these discrepancies. The 
effect of hardness on the sensitivity to 
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an inclusion of a given size may be 
caused by the lack of sufficient ductility 
to allow yielding and consequent stress 
alleviation in the high stress region about 
the inclusion. Or it may be caused by 
residual tensile stresses around the 
inclusion, set up during cooling in the 
heat-treating operations. 

Investigators in the past have ob- 
served the decrease in sensitivity of a 
discontinuity of a given shape when its 
size is decreased. It has been suggested 
that this decrease in sensitivity may be 
explained on the basis that the material 
behaves, in the limit, as though it were 
made of small blocks having a character- 
istic size. This characteristic size is 
usually associated with the grain size of 
the metal. 

It is to be kept in mind that the con- 
clusions of this report apply only to 
SAE 4340 and 4350 electric furnace 
steels so made that the dominant inclu- 
sions are the silicate type having more 
or less spheroidal shape. For example, 
other steel-making practices may lead 
to the stringer type of inclusions which 
probably have other notch reduction 
factors. 

Another qualification on the results 
of the present studies must be pointed 
out. Recent studies of the mechanism of 
fatigue have revealed the complexity of 
the process—slip and reversed slip, 
accumulation of lattice vacancies, etc — 
and have made it appear that the con- 
sumption of available fatigue life is 
occurring in many places in and near 
the region of maximum imposed stress 
rather than being entirely localized at 
the one point of maximum stress concen- 
tration. The present studies involve 
only “‘single-nucleus” fractures, and the 
inclusions listed in the tables, reference 
(3), were, for each specimen, the only 
ones visible at about 400 magnifica- 
tion. Placing responsibility for the frac- 
ture of a specimen entirely on the one 
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visible stress raiser, that is, an inclusion, 
is a convenient fiction, but so far as the 
present report goes, there are not sufh- 
cient data to do otherwise. 

The fatigue strength reduction factors 
shown in Figs. 3 and 7 indicate only the 
ratio of the fatigue strength, at the 
fatigue limit (V = 107), that the speci- 
mens might have, if there were no 
inclusions, to the strength the specimens 
actually had with inclusions of various 
sizes present. In other words, the factors 
are based on an assumed “inclusion-free” 
steel. Such inhomogeneities as grain 
boundaries, different orientations of ad- 
jacent crystals, different sizes of adja- 
cent crystals, etc., cause different inten- 
sities of micro- and macro-stresses and 
consequently of strain and plastic defor- 
mation. The biasing effect of the normal 
forces on the slip planes—alternately 
tensile and compressive—cause micro- 
scopic permanent deformations to ac- 
cumulate locally and to set up internal 
stresses that finally overcome the 
strength of the material and initiate 
one or more cracks. That is perhaps 
an oversimplified statement of the basic 
mechanism of fatigue, but it is sufficient 
for stating that probably the fatigue 
strength depends not only on the effect 
of inclusions but also on the simultaneous 
effect of smaller microscopic  stress- 
raisers. The fact that of about 540 speci- 
mens of high-strength steels having 
single-nucleus fractures (reported in 
references (1) and (2)) six had no in- 
clusions visible at 400X magnification 
and none had inclusions smaller than 
0.00024 in. suggests that perhaps the 
relative effect of the inclusions decreases 
with decreasing size to such a degree that 
other inhomogeneities become dominant 
where inclusions are less than 0.00025 in. 
in size. If this be so, values read from 
Figs. 2 and 6 for fatigue strength at 
zero inclusion size may be overly opti- 
mistic. In other words, completely 
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eliminating the silicate inclusions from 
the steel might not raise the fatigue 
strength as high as the straight-line 
extrapolations indicate. 


CONCLUSIONS 


From the data available for this 
analysis, the estimated trends suggest 
the following conclusions for aircraft- 
quality high-strength steels: 

1. The medium and long life fatigue 
strength of the steels studied decreases 
substantially for each increase of 0.001 
in. in the size of the silicate nonmalleable 
inclusions, particularly at the high hard- 
ness levels. 

2. The fatigue strength reduction 
factor of an inclusion of given size 
generally increases as the hardness of 
the steel increases. At hardness levels 
below about 140 ksi UTS, inclusions of 
the sizes found are probably not serious 
stress raisers. 

3. There is some reason to suspect 
that, in the steels studied in this investi- 
gation, any steel with no inclusions larger 
than about 0.00025 in. is in effect an 
“inclusion-free” steel, or at least a 
steel in which the effect of inclusions is 
insignificant. This suspicion is partly 
based on the fact that no inclusion 
smaller than 0.00024 in. geometric 
mean diameter (G.M.D.) has so far 
been found in the nucleus of single- 
origin fractures. 

4. The mathematical theory of elas- 
ticity cannot account for the variations 
in the notch reduction factor of inclu- 
sions with inclusion size and hardness 
level of the steels. It is suggested that 
the sensitivity of inclusions at high 
hardness levels may be associated with 
high residual tensile stresses around 
the inclusions which are caused by dif- 
ferential thermal contraction during 
the heat treatment operations. 
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Mr. R. E. Kerru.'—The authors’ data 
presented in Fig. 2 may throw some light 
on a troublesome question of long stand- 
ing in the literature—the shape of the 
curve relating endurance limit to static 
tensile strength for such steels as 4340. 
Mailinder,’ for example, reports that 
the endurance limit increases continu- 
ously with increasing tensile strength, 
while Muvdi, Klier, and Sachs* show a 
more complex behavior of the curve in 
the range above 200,000 psi ultimate 
tensile strength, the curve having a 
negative slope between 200,000 and 
220,000 psi. 

While there are doubtless several vari- 
ables which in combination account for 
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these differing results, the present au- 
thors have demonstrated that inclusion 
size is an important variable. If the data 
in their Fig. 2 is crossplotted against 
tensile strength for a given inclusion 
size, one finds that for large inclusion 
sizes the curve obtained is reminiscent 
of Mailander’s endurance limit - ultimate 
tensile strength curve, whereas for small 
inclusion sizes the curve looks more like 
that of Muvdi, Klier and Sachs. (The 
use of two slightly different alloy compo- 
sitions in the authors’ work is of course 
an additional variable.) Since it is to be 
expected that the distributions of inclu- 
sions will differ in steels produced in 
different parts of the world using differ- 
ing steelmaking practice, and since the 
authors have shown that inclusions exer- 
cise a considerable influence on fatigue 
strength of high-strength steels, one can 
more readily understand some of the 
varying results obtained by different 
investigators. 

Mr. F. B. StuLen (author). 
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authors wish to thank Mr. Keith in 
pointing out that the size of inclusions 
present in different steels can readily 
account for the various shape curves 
reported in the literature when the 
fatigue limits of steels are plotted against 
the corresponding ultimate tensile 
strengths. A flattening or drooping of 
the curve of fatigue limit versus tensile 
strength, as the tensile strength is in- 
creased, is an indication of relatively 
large inclusions or other discontinuities 
while a continuously increasing curve 
probably indicates a clean steel relatively 
free of large inclusions. Perhaps the shape 
of this curve might be a good indication 
of the cleanliness of the steel. 

Mr. B. A. NIEMEIER, SR.*—I would 
like to ask the authors if they made any 
tests to determine the uniformity of the 
stress distribution in their specimen? To 
elucidate somewhat on this, it has been 
found, partly in our laboratory and other 
places, that our existing fatigue testing 
machines do not always provide the 
distribution which we would like to think 
actually exists. Someone has used the 
term parasitic stresses, to coin an expres- 
sion, to define this. 

Were there any tests to show that 
when two specimens of a like kind were 
put into a machine, there would be no 
machine variation or operator variation 
due to the assemblage of the specimen 
in the machine? 

Mr. StuLen.—As I mentioned in the 
presentation, we ran a large number of 
specimens distributed among ten ma- 
chines. We then made a. statistical 
analysis of these data and we found no 
significant difference among the various 
machines. This does not indicate that 
there is no variation within the machine 
itself. We estimate that there may be a 
variation of the order. of 1000 psi in 
setting up the specimen in the machine. 
We have actually measured the vibra- 
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tory load that occurs in the specimens 
due to eccentricities in rotation, and 
these were fairly small. We minimized 
these vibratory stresses by using a shock 
cord attached between the weight and 
the hanger. We made no special effort, 
however, to measure the stresses directly 
on the individual specimens. 

Mr. NIEMEIER.—The authors men- 
tioned the residual stresses around the 
inclusions. These could be termed either 
micro or macro whichever is applicable, 
but was there any attempt to measure 
these residual stresses around the inclu- 
sions by some experimental technique? 

Mr. STULEN.—No attempt was made 
to measure the micro-stresses around 
the inclusions. It would be difficult to 
do this because the average inclusion is 
only 0.001 in. and the high stress region 
around the inclusion would be of one 
order of magnitude removed from this. 
The authors know of no experimental 
techniques for accomplishing these meas- 
urements. 

Mr. NIeMEIER.—I am inclined to 
agree that it is difficult. What we are 
attempting to do in some of our work is 
to study strain differences in small areas 
surrounding inclusions and large grains 
and get down to small sizes if we can. 
But I think Mr. Stulen has cleared these 
points for me sufficiently at this time. 

Mr. R. E. PETERSON. (by letter).— 
The comments with respect to the stress 
concentrations at a hole near the edge of 
a plate are of interest. As the hole ap- 
proaches the plate edge, the stress ac- 
cording to the theory of elasticity goes 
to infinity.®” In fatigue, one would expect 
that the small section fails, and then the 
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significant stress concentration becomes 
that of a “groove,” whose bottom is the 
inside part of the hole. On this basis it 
can be shown that the stress concentra- 
tion factor, Ky , of 3 for a hole in the mid- 
dle of a very wide plate cannot in effect 
go beyond about 4.35 as the hole ap- 
proaches the edge of the plate, and that 
this occurs when the small section is 
about one fourth the diameter of the hole. 
The effective increase of K, is therefore 
limited to about 45 per cent. 

As a spherical cavity approaches the 
surface, the stress distribution is not 
known, but it is clear that it would be 
quite different from that of a cylindrical 
hole near the edge of a plate. I would like 
to ask the author (1) was any evidence of 
cracks of “break-through” type found? 
(2) was a higher Ky value obtained for 
specimens where the inclusions were a 
fraction of their diameter from the sur- 
face? 

Mr. StuLeN.—Mrr. Peterson had asked 
the authors whether the Neuber p’ ma- 
terial constant had been estimated from 
the results of this paper. Although the 
Neuber p’ value might be of interest in 
explaining the effect of the inclusion size 
on fatigue strength the authors were not 
able to estimate this factor since there 
were several variables required for this 
estimate that were not known. 

For example, Jeffery® first showed that 
the stress-concentration at a cylindrical 
hole in a plate increases rapidly as the 
hole closely approaches the edge of the 
plate. A rapid increase in 'the stress 
concentration occurs when the distance 
between the edge of the plate and the 
top of the hole becomes less than about 
one and a half radii. It is believed that 
this trend is also valid theoretically for 
any void or inclusion that approaches 
the surface of the metal. However, the 
theoretical stress concentration factors 

8G. B. Jeffery, ‘“‘Plane Stress and Plane 
Strain in Bipolar Coordinates,’’ Philosphical, 


Transactions, Royal Soc., London, A, Vol. 221, 
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of a silicate sphere are unknown. It is 
for these and similar reasons that those 
quantities necessary to estimate the 
Neuber factor are unknown. 

Concerning Mr. Peterson’s question 
on the existence of non-propagating 
cracks of the “‘break-through”’ type, the 
authors’ examination of the surfaces of 
the specimens was not accomplished at 
sufficient magnification to prove whether 
such cracks were present and failed to 
propagate. The lengths of these cracks 
if they exist, would probably be about 
equal to the inclusion diameter which, 
on the average, was slightly greater than 
0.001 in. 

There is considerable evidence given 
in the authors’ previous work® that the 
Ky values of specimens having critical 
inclusions that are greater than one 
radius below the surface are considerable 
less than those associated with critical 
inclusions that are either open to the 
surface or are tangent to the surface. 
However, since there is a fairly large 
amount of scatter in these observations, 
it would be difficult to determine quanti- 
tatively the effect of the depth of the 
inclusion on the notch reduction factor. 

Mr. W. J. Trapp.'°—In respect to 
Neuber’s theory, I would like to mention 
that the size of inclusions involved here 
is smaller than the elementary particle 
on which Neuber bases his theory and 
that his theory is not applicable in cases 
where radii are as small as we encounter 
in this case. I believe that the stress 
concentration here is mainly caused 
during quenching due to the difference 
in expansion coefficients of the two mate- 
rials involved, namely, the aluminum 
oxide-silicate composition of the inclu- 
sions and the surrounding steel. 


*H. N. Cummings, F. B. Stulen and W. C. 
Schulte, “Investigation of Materials Fatigue 
Problems,” Wright Air Development Center 
WADC Technical Report 56-611, March, 1957. 

10 Chief, Creep and Dynamics Section, Metals 
Branch Materials Laboratory, Wright Air De- 
velopment Center, Wright-Patterson Air Force 
Base, Ohio. 
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TORSIONAL FATIGUE PROPERTIES OF SMALL DIAMETER 
-HIGH-CARBON STEEL WIRE* 


SYNOPSIS 


The torsional fatigue properties of small diameter high-carbon steel wire 
were investigated in three different types of test. In general, there was no 
direct correlation between these properties and the tensile strength of the 
wire. Comparison of a commercial cold-drawn wire with wire from a vacuum- 
melted heat showed that the torsional fatigue life of cold-drawn wire is de- 
creased by the presence of inclusions. It was also found that oil-tempered 
wire stressed in torsion is less susceptible to the initiation of longitudinal shear 
cracks than cold-drawn music wire. Shot peening greatly increased the fatigue 
life of springs coiled from all three types of wire. 

A machine for determining the fatigue properties of wire stressed in torsion 
at constant amplitudes of strain is described. Good agreement was found to 
exist between the results obtained with this machine and the results of fatigue 


tests on compression springs. 


Small-diameter wire for springs is 
commonly specified on the basis of tensile 
strength. Previous work at the National 
Bureau of Standards and elsewhere had 
indicated that this was not an adequate 
criterion of the fatigue behavior of the 
wire under the torsional load to which it 
is subjected in helical extension or com- 
pression springs. It appeared, therefore, 
that additional information was needed 
on the metallurgical factors influencing 
the resistance of wire and springs to 
fluctuating load and on methods for 
evaluating this resistance. Accordingly, 
the torsion-fatigue properties of three 
different wires were determined under 


*Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 National Bureau of Standards, Washing- 
ton, D.C. 


By Harry C. Burnett! 


three different testing conditions. Also, 
as there is little published information 
on the effect of shot peening on the 
properties of music-wire springs, this 
factor was investigated on all three 
types of wire. These studies are part of 
a broad program sponsored by the U.S. 


Army Ordnance Corps, Springfield 
Armory. 
Ramson (1),2 Cummings (2), and 


others have shown that the fatigue 
strength of steels is affected by inclusions. 
Ramsom (1) states that the elimination 
of stringer type inclusions results in a 
large increase in the transverse fatigue 
limit so that it approaches the longi- 
tudinal limit. Previous work in this 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 525. 
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_ TABLE I—CHEMICAL COMPOSITION (PER CENT BY WEIGHT) 
AND MECHANICAL PROPERTIES. 


T 1 
Wire Carbon |Manganese| Phosphorus} Sulfur Silicon ed eld 

| psi 
0 Ar eee 0.89 0.37 0.011 0.017 0.25 368 000 209 000 
Se ee 0.88 0.47 0.001 0.004 0.27 350 000 196 000 
0.86 0.51 0.005 0.014 0.23 282 000 174 000 


(6) AM 


A. 
Fic. 1.—Longitudinal Sections of 0.039 in. Diameter — Carbon Sprin, 


| | 
* The nominal surface shear stress corresponding to a surface shear strain offset of 0.0035. 
| 
(a) VMA. 
zy Wires. Unetched 
f 


laboratory (3,4) and elsewhere has 
shown that, in helical compression 
springs coiled from cold-drawn wire the 
initial fatigue cracks are parallel to the 

__ Jongitudinal axis of the wire and coincide 
with a plane of maximum shear stress. 
Stringer type inclusions in wire are 
drawn out parallel to the axis of the wire 

: so that if such inclusions were eliminated 


the fatigue properties of springs coiled 
from the wire would be improved. 
Accordingly a supply of wire drawn from 
a heat of vacuum-melted steel of similar 
composition was obtained for comparison 
with commercial cold-drawn wire and 
with oil-tempered wire. 

= The preparation of compression 
springs for fatigue testing is time con- 
suming, as special care is required in 
coiling, grinding, and‘ measuring the 
spring. A machine was, therefore, 
designed to determine the torsional 
fatigue properties of spring wire without 
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Fatigue Testing Machine for Short Compression Springs. 
Eight springs can be tested simultaneously. 


the need of coiling the wire into springs. 
The results of tests with this machine are 
compared with those on compression 
springs. 


MATERIAL AND TESTING 
PROCEDURES 


The following three steels were used 
in this investigation: (1) commercial 


music spring wire, coded AMA, (2) 
commercial music wire which had 
subsequently been oil-tempered, coded 
AMA-OT, and (3) music wire which 
had been fabricated from a_ specially 
prepared billet of vacuum-melted steel, 
coded VMA. All wires were 0.039 in. in 
diameter. The chemical composition and 
tensile strength of the wires are given 
in Table I. 

The AMA-OT wire had been solution 
treated at 1600 F, quenched in oil at 
250 F, and tempered at 800 F. a 
Photomicrographs were made at 100 _ 


magnification of longitudinal sections of 
AMA and VMA wires. A comparison 
of the relative number and size of the 
inclusions may be made from Fig. 1. 
The VMA wire contained approximately 
one fifth as many inclusions as were 
found in the AMA wire. 


Three types of fatigue tests were made 
on the wire as follows: (1) tests of short 
- compression springs, (2) tests of straight 
wire under constant amplitude of tor- 
sional load and (3) tests under constant 
amplitude of torsional deflection. The 
spring tests were conducted in a “‘wobble- 
_ plate” type of machine (Fig. 2) which 
has been described previously (3). 

A reversed-torsion machine operating 
at a constant amplitude of load, designed 
and constructed at the National Bureau 
of Standards, is shown in Fig. 3. The 
wire being tested is twisted in one direc- 
tion, by means of a motor and reduction 
gear box, until the adjustable weighted 
arm at the left is raised to the horizontal 
(maximum torque) position. A contact is 
then closed which operates an electronic 
relay to reverse the motor, and the wire 
is twisted in the opposite direction until 
the weighted arm is again horizontal. 
The cycle is then repeated. 

Most of the reversed torsion tests of 
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Fic. 3.—Machine for Fatigue Testing Wire in Reversed Torsion at Constant Maximum Torque. 


straight wire were conducted under 
constant amplitude of deflection in a 
machine designed and constructed at the 
Bureau of Standards. Figure 4 shows the 
testing machine with a sample of 0.039- 
in. diameter music wire, A, in position 


to be tested. The grips holding the wire 


Fic. 4.—Machine for Testing Wire in Re- 
versed Torsion at Constant Amplitude of De- — 
flection. ‘ 


(A) Specimen, (B) Adjustable Coupling, (C) 
Rubber Coupling, (D) Switch, (EZ) Reducing 
Gear Assembly and Counter. 


>. 
oscillate through an angle of about 120 — 
deg. The amplitude of deflection in the 
wire is set by an adjustable coupling, B, 
that shifts the phase relation between 
the two chucks. A small amount of 
longitudinal tension is provided by a 


—— 
< 


rubber coupling, C, between the right 
front supports. When the specimen 
fractures, the right chuck is retracted 
by the rubber coupling, thereby operat- 
ing a switch, D, to stop the machine. A 
counter is driven through a reducing 
gear assembly, E, attached directly to the 
motor shaft. Operating speed is approxi- 
mately 350 cpm. 
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may not occur until long after the forma- 
tion of the initial crack in the cold- 
drawn wire (4). Accordingly the data 
are recorded in terms of the number of 
cycles to the start of cracking, as this 
provides the best measure of the useful 
life of springs. 

Fatigue cracks in the springs were 
detected by periodic measurement of © 


Cycles to Stort of Cracking 


TABLE II.—RESULTS OF REVERSED TORSION TESTS OF 0.039-IN. oF 
DIAMETER MUSIC WIRE, AMA 0.89 CARBON COLD-DRAWN WIRE. at 
Stress Amplitude 171,000 psi. 
7 As Drawn Straightened 
ay ea _ Condition yaa Number | Average Range | Number | Average Range 
of Cycles to of of Cycles to 
Tests ailure Results Tests ailure Results 
Stress relieved, shot peened . ! 10 82 17 7 84 15 1 ; 
Stress relieved, shot peened, ‘stress | re- Pee: 
Fotigue Properties 
of 
200 000 ‘s Compression Springs 
% 180 000 
c 
io] 
| 
160 000 
a SP -Shot Peened 
CD -Cold Drawn 
000 VAC-Vacuum Melted 
= OT - Oil Tempered 
120 000 4 
CO 
000 al 
103 10% 10° 1c” 


Fic. 5.—Results of Fatigue Tests on Springs Coiled from Cold-Drawn Music Wire, Oil-Tempered 
Wire, and Wire Cold-Drawn from Vacuum Melted High-Carbon Steel. Included Are the Results of 
Tests on Similar Springs in the Shot Peened Condition. 


Cold-drawn wire has a much greater 
tendency to develop longitudinal fatigue 
cracks than oil-tempered wire; conse- 
quently, it is difficult to compare the 
two types of wire. In either the springs 
or the straight wire tested under constant 
amplitude of deflection, actual fracture: 


the deflection under static load. Presence 
of a crack resulted in decreased stiffness 
of the spring, which was readily detected 
in this way. During wire fatigue tests 
on the constant-deflection amplitude 
machine, the start of longitudinal crack- 
ing was detected by a device that was 
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sensitive to the decrease 
stiffness of the specimen. 

A Perkins precision spring coiler was 
used to coil the springs used in this 
investigation. All springs were flat 
ground on the ends after coiling and were 
of the following approximate dimensions: 
free height, 1.6 in.; spring index (mean 
coil diameter to wire diameter), 10; 
active coils, 4; inactive coils, 3 on each 
end. The shot-peening conditions for 
both wire and springs consisted of } hr 
treatment with 0.009-in. diameter shot. 
The shot-peened springs were stress 
relieved at 450 F for 30 min and the 
remaining springs were stress relieved 
at 365 for 25 min. All springs were 
preset prior to testing by compressing 
to produce a nominal shear stress in the 
wire equivalent to approximately 75 
per cent of the tensile strength. The 
initial preload on the springs when placed 
in the machine ready to be tested was 
approximately 15,000 psi. 

As the main interest centered on the 
fatigue properties of springs in the high 
stress region, only the finite portion of 
the S-N curves are shown in this report. 


in torsional 


RESULTS AND DISCUSSION 


The effects of various combinations of 
stress relieving and shot peening were 
studied by testing samples of wire in 
the following conditions: 


As drawn, 

1(6) Straightened, 

2(a) As drawn, shot peened, 

2(b) Straightened, shot peened, 

3(a) As drawn, stress relieved, shot peened, 

3(b) Straightened, stress relieved, shot 
peened, 

4(a) As-drawn, stress relieved, shot peened, 
stress relieved, and 

4(b) Straightened, 
peened, stress relieved. 


stress relieved, shot 


These tests were made in the constant 
load-amplitude machine with the mean 
stress zero and a maximum torsional 
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stress amplitude*® of 171,000 psi. As the 
cyclic speed of the machine is in the 
order of 1 cpm, a high stress amplitude 
was selected in order to decrease the 
time of the tests. The results are given 
in Table II. The fatigue life was longest 
for those samples that had been stress- 
relieved, shot-peened, and stress-relieved 
(condition 4), however, only slightly 
longer than for those samples that had 

TABLE III——RESULTS OF FATIGUE 
TESTS ON SPRINGS COILED FROM 0.039- 


IN. DIAMETER, 0.86 CARBON OIL-TEM- 
I ERED WIRE, AMA-OT). 


(Prestress approximately 15000 psi) 


Nominal Shear Stress 


Range, psi Cycles to Failure 


e Specimen did not fail. 


been stress-relieved and shot-peened 
(condition 3). The torsional fatigue life 
of those samples that had been shot- 
peened, but without prior or subsequent 
stress relieving, was found to be only 
slightly greater than the “as received’’ 


3 Maximum torsional shear stress amplitude 
refers to the maximum shear stress in the outer 
fibers when stressed in one direction. 


| 
31 
77 
188 


\ 


samples. Similar results were obtained 
by Lessells and Murray (5) using a 
Baby Rayflex machine to test 0.162-in. 
diameter, SAE-1065 wire. 


TABLE IV.—RESULTS OF FATIGUE 
TESTS OF SHOT-PEENED SPRINGS, AMA 
0.89 CARBON COLD-DRAWN WIRE. 


Nominal Shear Stress Cycles to Start of 
Range, psi Cracking 

248 x 108 
1 
1 
7 
1 351 


@ Specimen did not fail. 


The results of fatigue tests on compres- 
sion springs coiled from the 3 types of 
wire are shown in Fig. 5 together with 
results from similar springs that had 
been shot-peened. Because of the large 
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number of data, only the trend lines for 
50 per cent probability of failure are 


‘shown. Tables III and IV are typical 


examples of the data obtained in this 
investigation. 

The S-N curve for the springs coiled 
from the vacuum melted cold-drawn 
steel wire indicates an improvement in 
fatigue life over the commercial wire by 
a factor of 2 at a nominal shear stress 
range of 140,000 psi. As the primary 
difference in these materials is in the 
number and size of inclusions and 
stringers, it appears that the difference 
in fatigue life is due to the improved 
cleanliness of the vacuum melted ma- 
terial. 

The S-\ curve for springs coiled from 
music wire that had been subsequently 
oil-tempered indicates a still greater 
increase in fatigue life. At a nominal 
shear stress range of 140,000 psi the 
fatigue life is approximately 5 x 105 
cycles or an increase by a factor of 5 
over commercial (AMA) music spring 
wire. The principal difference between 
the music wire and the oil-tempered 
wire exists in their metallurgical struc- 
ture (not shown). The music wire 
possesses a highly cold worked structure 
in which the grains have been frag- 
mented and elongated along the axis 
of the wire, providing longitudinal 
crystallographic planes that inherently 
weaken the specimen in fatigue. When 
the wire is stressed in torsion, these 
planes of weakness lie parallel to a plane 
of maximum shear stress and afford 
means for the easy propagation of longi- 
tudinal shear cracks. If nonmetallic 
stringers are also present, the probable 
nucleation of this type of fatigue crack 
is increased. The oil-tempered wire has 
relatively uniform grains of tempered 
martensite and as recrystallization has 
taken place the inherent planes of 
weakness have been removed. These 
grains are more resistant to fatigue 
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stressing and thereby increase the useful 
life of the springs. 

The results of fatigue tests on shot- 
peened springs are included in Fig. 5. 
Comparison of the curves for the cold- 
drawn or oil-tempered springs indicates 
a significant increase in useful life due 
to shot peening. The scatter in the 
fatigue test results was also increased 


220 000 
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respect to specimens stressed in bending, 
it is difficult to show how stresses of this 
type could possibly be beneficial to 
specimens stressed in torsion, especially 
when viewed in the light of the maximum 
shear stress theory of failure. Considera- 
tion of the above leads to the conclusion 
that the main contributing factors that 
tend to increase the fatigue life of shot- 


200 000 > 


000 


160 000 


Shot 


140 000 


Shear Stress Range, psi 


Peened 


120 000 


100 000 1 


10% 


10° 10 


Cycles to Start of Cracking 


Fic. 6.—Results of Fatigue Tests on Springs Wound from VMA Cold-Drawn Wire ao Similar 


Springs in the Shot-Peened Condition. 


The cross-hatched bands indicate the approximate inter-quartile range of the data. 


for the shot-peened springs. This is 
shown for the VMA springs in Fig. 6 
where the bands represent an empirically 
determined approximation to the inter- 
quartile range of the data; that is, the 
bands enclose 50 per cent of the experi- 
mental points. These bands are similar 
for the other wires and indicate that the 
increase in fatigue life due to shot peen- 
ing is somewhat counteracted by the 
increase in dispersion of the results at 
low stress levels. 

Numerous investigators have at- 
tempted to explain the improvement of 
fatigue life by shot peening as due to 
either the effect of compressive stresses 
or the effect of cold working. While 
residual compressive stresses in the 
surface layers may be beneficial with 


peened specimens stressed in torsion are 
the resulting highly cold-worked surface 
layers and the multiplicity of round 
bottomed stress raisers. These dents 
along the surface of the wire tend 
to proportion the applied stress and thus 
reduce the effect of any single stress 
raiser that may have been present due to 
die marks or imperfections formed during 
the fabrication of the wire. 

Samples of cold-drawn and _ oil- 
tempered wire were tested in reversed 
torsion at constant amplitudes of deflec- 
tion. The results of these tests are given 
in hog V and VI and are shown in 
Fi ig. . The S-N curves for compression 
a wound from the same type of 
wires are included in Fig. 7 for compari- 
son with the results of the reversed 
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torsion tests. Good agreement was 
found to exist between the results ob- 
tained from the two methods of testing. 
The slightly better performance of the 
springs may be ascribed to the beneficial 


TABLE V.—AMA 0.039 IN. IN DIAME- 
TER COLD-DRAWN WIRE TESTED IN 
REVERSED TORSION AT CONSTANT 
DEFLECTION AMPLITUDE. 


Angular Twist per | Nominal Shear | Cycle to Start 
in., deg Stress Range, psi} of Cracking 
Rares 330 000 466 
314 000 417 
306 000 564 
76 298 000 613 
Sr 282 000 1 348 
yey 282 000 710 
270 000 1 102 
247 000 1 764 
235 000 3 724 
228 000 3 920 
216 000 3 283 
ees 196 000 3 577 
Aree 185 000 9 922 
185 000 7 938 
181 000 7 962 
177 000 12 078 
177 000 14 700 
157 000 22 540 
146 000 24 010 
35. 138 000 34 912 
134 000 38 318 
134 000 23 275 


« Broke in the grip. 


residual stress set up in the springs by 


the presetting operation. The residual 
stress, in this case, is a favorable body 
stress opposite in direction to the load 
applied during the test and varying from 
zero at the center of the wire to a maxi- 
mum at the surface. The results, which 
are typical of those obtained in tests of 
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several other wires, show that the 
reversed torsion test on straight wire 
provides a satisfactory indication of the 
performance to be expected of springs 
wound from the wire. 

The inadequacy of specifying tensile 
strength as a basis for expected fatigue 
life of wire stressed in torsion may be 
noted by comparing the tensile strength 


TABLE VI.—AMA-OT 0.039 IN. IN DI- 
AMETER OIL-TEMPERED WIRE TESTED 
IN REVERSED TORSION AT CONSTANT 
DEFLECTION AMPLITUDE. 


Angular Twist per | Nominal Shear | Cycles to Start 

in., deg Stress Range, psi| of Cracking 
334 000 1 519 
319 000 1 225 
319 000 1 715 
319 000 1 715 
315 000 1 617 
Ee 315 000 1 911 
311 000 1 102 
ae 252 000 3 626 
252 000 3 430 
228 000 3 062 
224 000 7 891 
Aa 224 000 4 287 
RES 224 000 8 183 
220 000 6 737 
220 000 14 700 
| 146 000 58 
134 000 155 085¢ 
aa. | 134 000 175 787 


* Broke in the grip. 


and fatigue properties of the three types 
of wire tested. It is the opinion of the 
author that specifications derived from 
reversed torsion tests would be of signifi- 
cant value to engineers and designers 
and would present a more realistic and 
usable indication of the torsional fatigue 


properties of wire. 
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CONCLUSIONS 
1. The torsional fatigue life of cold- 
drawn music wire is decreased by the 
presence of inclusions that are drawn 
out with the wire. 
2. The presence of inherent planes 
of weakness that lie in the direction of 
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reversed torsional fatigue strength of 
wire at high stress amplitudes. Shot 
peening accompanied by stress relief 
treatments significantly improves the 
pulsating fatigue strength of springs 
coiled from small diameter wire. Springs 
coiled from wire as small as 0.039 in. in 
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Properties 
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drawing, in cold-drawn music wire 
tend to decrease the useful torsional 
fatigue life of the wire. 

3. When stressed in torsion, oil- 
tempered 0.86 per cent carbon wire is 
less susceptible to the initiation of 
longitudinal shear cracks than cold- 
drawn music wire even though the tensile 
strength of the oil-tempered wire was 
the lowest of the three types of wire 
tested. 

4. Shot peening greatly increases the 
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Fic. 7.—Results of Constant Deflection Amplitude Fatigue Tests of Wire and Fatigue Tests of 
Compression Springs Coiled from the Same Type Wire. 
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diameter were successfully peened with 
0.009 in. in diameter shot. 

5. Shot peening followed by a stress 
relief at 450 F results in good fatigue 
properties and is recommended. Spring 
design must allow for adequate penetra- 
tion of shot between adjacent coils to 
permit peening of the inner surfaces. 

6. Good correlation exists between the 
data from fatigue tests (at constant 
amplitudes of deflection) on compression 
springs and on straight wire tested in 
reversed torsion at constant deflection. 
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Mr. WILLiAM R. Jonnson! (presented 
in written form).—The author’s contri- 
butions to the basic knowledge of pre- 
cision spring performance are always 
welcome. Springs in service and in 
testing almost always are subjected to 
unidirectional stressing at constant de- 
flection. The net effect of any loads 
beyond the elastic limit is to cause 
plastic flow, thus lowering the applied 
; stress and building up a_ favorable 
: residual stress system. The elastic limit 
of spring materials in torsion is sur- 
a prisingly low, when sensitive methods 
are used to measure it. A_ technique 
developed in our laboratories will pick 
up appreciable plastic flow in spring 
. wires at stresses below 100,000 psi. Thus 
under most service conditions of springs 
) some plastic flow may be expected. It 
may not be detected because the area of 


maximum stress is small. 

Our test experience “has been that 
| particularly at high stresses the service 
life may increase if the yield point of the 
af ! Assistant Director of Research, Associated 


Spring Corp., Bristol, Conn. 
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spring material is lowered by a high 
stress relief temperature. Of course, | 
this is accomplished at the sacrifice of 

the ability of the spring to resist service © 
loads without setting. With this as a 
preliminary, we notice that the materials 
the author has tested as springs repre- 
sent three conditions of wire. His data 
for their torsional yield point rank them 
so that the lowest yield point material, 
the oil-tempered wire, has the best 
fatigue life, and the other two fall in . 
line. The same conditions apply in 
reverse torsion at constant deflection. 
On this basis, we would question on the 
basis of the data available in this paper, 
the interpretation of the author’s con- 
clusions that the vacuum-melted music 
wire and oil-tempered microstructures 
are superior to conventional music wire. 
We suspect that much of the difference 
in results came from the difference in 
yield point. Does the author have com- 
parative data on the three wires from 
his constant-load amplitude tester? What — 
would be the results if the AMA wire 
were stress relieved at such a tempera- 
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ture that its yield point were the same 
as the AMA-OT wire? In our opinion, 
this additional information would add 
materially to the value of the author’s 
work. 

Mr. H. C. Burnett (author).—I thank 
Mr. Johnson for his comments and 
regret that I have no data on which to 
base an answer to the questions he 
has proposed. 

Mr. T. J. Dotan.2—I am interested 
in the design details of the reversed 
torsion machine for gripping and test- 
ing individual strands of wire. It has 
been the experience of many people 
that with a design of this nature it is 
almost inherent that premature failure 
of the wire develops within the grips. I 
should like to inquire what was done to 
prevent failure from occurring prema- 
turely due to the added unknown forces 
within the gripping devices of the 
machine which would, of course, in- 
validate the data as far as properties of 
the wire were concerned. 

A second question is with respect to 
the curves in Fig. 5 which show only 
lines drawn in to represent the average 
final results. Is it possible that the scat- 
ter of the actual data if plotted on this 
graph would cover a band such that 
perhaps the three curves are within one 
normal population of scatter? Could the 
differences of fatigue life shown for, say, 
the cold-drawn versus the vacuum-melted 
or the oil-tempered wires be considered 
a reflection of the scatter from sampling 
in individual groups of tests? Were there 
really significant differences in these 
data when analysed on a statistical 
basis? The author’s data indicate major 
emphasis on tests in the finite life region 
of the S-N curve; were any attempts 
made to actually determine the en- 
durance limits of the wire or of any of 
the springs? In most instances for 
springs the fatigue limit would seem to 


2? Head, Department of Theoretical and Ap- 
plied Mechanics, University of Illinois, Urbana, 
Ill. 
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be a more significant value than indi- 
vidual data on finite fatigue life. 

Mr. Burnett.—In answer to Mr. 
Dolan’s question about the grips, we 
did not experience any great difficulty. 
The way these grips were designed, the 
wire was bent at a right angle at each 
end. I have indicated in the paper the 
number of failures at the grips and it 
runs in the order of 2 to 3 in 50 or 60 
wires. That might run 4 to 5 per cent; 
we did not feel that this presented a 
problem. 

A comparison of the scatter bands for 
the three wires in the unshot-peened 
condition indicated there is a significant 
difference in the data. A similar com- 
parison of the data for the wires in the 
shot-peened condition did not indicate a 
significant difference. 

Fatigue tests on springs were carried 
out to 10’ cycles. Emphasis was placed, 
however, on the finite portion of the 
curve. As stated earlier, these studies 
were conducted for the Springfield Ar- 
mory in connection with ordnance ap- 
plications where the design stress is 
frequently higher than the endurance 
limit. Infinite life is not a requirement. 

Mr. Joun M. Lessetts.*—The author 
concludes that oil-tempered 0.86 per 
cent carbon wire is less susceptible to 
the initiation of longitudinal shear cracks 
than cold-drawn music wire, even though 
the tensile strength of the oil-tempered 
wire was the lowest of the three types of 
wire tested. 

The above conclusions are of interest 
and there is no intention here to chal- 
lenge their validity. However, in view 
of the findings observed in the investiga- 
tion of the failures of the Mt. Hope 
suspension bridge cables‘ it might be of 


3 Lessells and Inc., 
Boston, Mass. 

4W. H. Swanger and G. F. Wohlgemuth, 
“Failure of Heat-Treated Wire in Cables of the 
Mt. Hope, R. IL., Suspension Bridge,’’ Proceed- 
ings, Am. Soc. Testing Mats., Vol. 36, Part II, 
pp. 2-84 (1936). 


Associates, Engineers, 
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general interest to refer to such. In this 
case the material was subjected to a 
bending stress as distinguished from a 
shearing stress, but it was possible to 
conclude from the paper and the re- 
sulting discussions that cold-drawn wire 
for such application was superior to the 
heat-treated grade. 

Mr. Burnett.—The question of the 
Mount Hope bridge always seems to 
come up whenever the use of oil-tem- 
pered wire is mentioned. Mr. Lessells’ 
suggestion of making reference to 


Swanger and Wohlgemuth’s paper on 
this subject is well taken, if only to help 
dispell some of the mistrust that seems 
to be connected with the use of oil- 
tempered wire. As Mr. Lessells has 
pointed out, the bridge wire failures 
occurred at areas subjected to bending 
stresses whereas springs are subjected to 
shearing stresses. Then too, considerable 
knowledge has been gained about oil 
tempering of wire since the time the 
wire was prepared for the Mount Hope 
bridge. 


EFFECTS OF GRINDING DIRECTION AND OF ABRASIVE TUMBLING 
ON THE FATIGUE LIMIT OF HARDENED STEEL* 
: 


By L. P. Tarasov,’ W. S. Hyer,? anp H. R. LetNner® 


SYNOPSIS 


Although it has generally been assumed that parts ground transversely 
to the direction of applied stress would have a lower fatigue limit than those 
ground parallel to it, no such effect was found for two different grinding con- 
ditions. 

In one instance, the residual grinding stress at the surface was compressive 
parallel to the length of the flat test bar for both grinding directions and the 
fatigue limit was the same for both groups of bars. In the other instance, 
involving good commercial grinding practice, this surface stress was tensile 
for longitudinal grinding but compressive for transverse grinding, and the 
fatigue limit was actually a little higher for the transversely ground bars 
than for the others. In both instances, the surface was strengthened sufhi- 
ciently by means of compressive stresses in the longitudinal direction, as well 
as by cold work, to cause failures to nucleate below the surface and to raise 
the fatigue limit above the previously determined base-line value. The trans- 
verse grinding scratches did not reduce the fatigue limits, contrary to general _ 
expectations, because they could not exert a detrimental effect when the 
surface was strong enough to result in subsurface nucleation. 

In a separate portion of this study, abrasive tumbling was found to raise ; 
the fatigue limit to a moderate extent, whether the surface had been pre- 
viously stressed in tension or in compression by grinding. The tumbled sur- 
faces were stressed very highly in compression and the failures nucleated -_ 
below the surface. 


The effects of various grinding condi- 
tions on the fatigue limit of hardened 
steel, in which the grinding direction 
was parallel to the length of the test bar 
and, hence, to the direction of applied 
stress, were reported in an earlier paper 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

Research and Development 
Norton Co., Worcester; Mass. 


Department, 


2 Battelle Memorial Institute, Columbus, 
Division, General Electric Co., 


Cleveland Ohio; formerly Senior Fellow (Grind- 
ing Wheel Institute Fellowship), Mellon Insti- 
tute of Industrial Research, Pittsburgh, Pa. 


(1). The principal conclusions of that 
study were: 

1. Good commercial grinding practice 
did not affect the fatigue limit even 
though tensile grinding stresses of the 
order of 50,000 psi were present just 
below the surface. 

2. Very severe grinding, which pro- 
duced much higher tensile stresses, 
resulted in only a moderate reduction of 
the fatigue limit. 


4The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 538. 
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3. The substitution of a grinding oil 
for soluble-oil emulsion reduced or even 
eliminated the tensile stresses and 
introduced high compressive ones, and 
under some grinding conditions raised 
the fatigue limit considerably above the 
normal value. 

Higher than normal fatigue values 
were associated with subsurface nucle- 
ation of the failures as opposed to the 
surface nucleation generally observed. 
It was not possible to explain all the 
results satisfactorily in terms of the 
residual grinding stresses alone, and it 
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Fic. 1.—Critical Dimensions of 0.120-in. 
Thick Fatigue Specimens. 


was necessary to bring in the cold work- 
ing of the surface by grinding as an 
additional factor to be considered. 

The present paper describes a contin- 
uation of this investigation in which two 
other aspects of abrasive processing were 
explored with respect to their effects on 
the residual stress and the fatigue limit. 
One had to do with the direction of the 
grinding scratches, the other with an 
entirely different type of abrasive opera- 
tion, known as abrasive tumbling. In 
the scratch-direction study, the grinding 
conditions were kept the same, but the 
grinding direction was either parallel or 
perpendicular to the length of the test 
bar. The abrasive-tumbling study was 
designed to show the effect of this opera- 
tion upon two kinds of bars: those that 
had been ground under good commercial 
conditions, which did not affect the 
fatigue limit; and those that had been 
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specially ground with the aid of a grinding 
oil, so that their fatigue limit prior to 
tumbling was considerably higher than 
normal. 


SPECIMEN PREPARATION 
Preliminary Operations: 


The flat fatigue bars were made from 
modified AISI 52100 type steel hardened 
to Rockwell hardness C 59, their shape 
and dimensions being shown in Fig. 1. 
The microstructure throughout the 
finished bars was a uniform dispersion of 
fine carbide particles in tempered 
martensite, and the only significant 
residual stresses were those introduced 
in the final processing. The details of the 
preliminary processing have been given 
in a previous paper (1), which also 
provided the residual-stress data and the 
fatigue limits for several longitudinal 
grinding conditions. The transversely 
ground and the abrasive-tumbled bars 
came from the same lot of steel as the 
longitudinally ground bars, and they 
were all processed in the same manner 
except for the final stage. 


Final Grinding Operations: 


The final grinding operations to a 
thickness of 0.120 in. were carried out on 
a horizontal-spindle reciprocating-table 
surface grinder with a white, vitrified 
bond, friable aluminum oxide wheel 
suitable for grinding hardened steels. 
The grinding conditions kept constant in 
this study were as follows: 


Wheel: 38A46-I8VBE, 8 to 7 in. in diameter, 
2 in. wide; 

Wheel speed: 6000 surface ft per min; 

Table speed: 60 to 65 ft per min; 


Unit crossfeed: 0.050 in. after each table — 


traverse; 


Unit downfeed: 0.001 in. after each complete © 


crossfeed; and 
Diamond dressing: moderately fast to leave 
wheel face open. 
The grinding fluid was either a 1.25 per 
cent water emulsion of soluble oil or a 
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sulfochlorinated grinding oil, denoted by 
F and L respectively in the previous 
paper, which gives the available informa- 
tion about their compositions. 

The longitudinally ground bars were 
ground individually to their final thick- 


then the central 5-in. long section. It was 
possible to grind in such a manner that 
there was no measurable difference be- 
tween the levels of the three sections, and 
all the fatigue failures occurred within 
the central portion. 


itd TABLE I.—RESIDUAL-STRESS AND FATIGUE DATA FOR GRINDING- 
DIRECTION STUDY. 

Group AG | Group BB Group BC Group BG 
.| Grinding Oil | Grinding Oil Soluble Oil Soluble Oil 
Grinding direction............... Longitudinal} Transverse Longitudinal Transverse 
Roughness, microinches*......... 10 8 19 12 

Resipuat-Srress Data, PARALLEL TO GRINDING DIRECTION 

Surface 'stress,° psi ae ee —87 000 | —81 000 34 000 11 000 |—24 000 —17 000 
Peak tensile stress, psi... . . 21 000 13 000 49 000 29 000 42 000 77 000 
Depth of peak, in......... 0.0008 0.0007 0.0003 0.0004 0.0007 0.0003 


Resipuat-Stress Data, PERPENDICULAR TO GRINDING DIRECTION 


Surface stress, psi......... —150 000 |—131 000 | —37 000 —22 000 | —60 000 
Peak tensile stress, psi... . . 16 000 10 000 23 000 25 000 41 000 77 000 
Depth of peak, in.......... 0.0008 0.0009 0.0008 0.0007 0.0007 0.0004 
Faticve Data 
Fatigue limit, psi.......... 91 000 90 000 73 000 80 000 
Location of failure nuclea- 


* Arithmetic average, measured perpendicular to grinding direction. 

+ Stress data in columns marked D are deflection-method averages for two surfaces; those in the 
X; columns are X-ray diffraction-method values obtained by Koistinen and Marburger for a single 
surface; and those in the Xz column are X-ray diffraction-method averages obtained by Taylor for 


two surfaces. 


© These are the stresses at a depth of 0.00005 in. below the ground surface. Positive and negative 
stresses are tensile and compressive, respectively. 


4 Depth below ground surface. 


ness. The wheel was diamond dressed 
immediately prior to grinding each side 
so that the condition of the wheel face 
would be duplicated as nearly as possible 
during the last downfeed on both sides 
of all the bars comprising a group. These 
groups of bars were either left in the 
ground condition or else they were 
further processed by abrasive tumbling. 
Transverse grinding had to be done 
somewhat differently since the bars pro- 
jected beyond the edges of the 6-in. 
wide magnetic chuck. They were ground 
in three sections, the grip ends first and 


In an attempt to simulate the wheel- 
face condition which existed during the 
last downfeed when the longitudinally 
ground bars were prepared, the bars 
were ground transversely in groups of 
four. The wheel was dressed after the 
second downfeed was completed on the 
center sections since this left approxi- 
mately the same amount of material to 
be ground off from these portions of the 
four bars after dressing as from the 
whole surface of an individual longi- 
tudinally ground bar. Even with approxi- 
mately equal amounts of stock removal 


| 


aiter dressing, the condition of the 
wheel face during the last downfeed 
was not necessarily the same for the two 
grinding directions, since it is known that 
a wheel stays sharp longer when the 
cuts are interrupted than when they are 
continuous. 

Groups AG and BC, for which the 
residual-stress and fatigue data are 
listed in Table I, were ground longi- 
tudinally with grinding oil and soluble 
oil, respectively, while groups BB and 
BG were ground transversely with the 
corresponding fluids. 


Abrasive-Tumbling Operations: 


Three groups of bars were abrasive 
tumbled after they had been longitudi- 
nally ground to a final thickness of 
0.120 in. One of these groups, AH, was 
ground with a grinding oil just like the 
AG group bars, while the other two 
groups, BD and BF, were ground with a 
soluble oil in the same manner as the BC 
group bars. The data for these bars 
are presented in Table III. 

The AH group bars were tumbled for 
4 hr in an octagonal barrel of the triple- 
action type (with sloping sides) having a 
capacity of 10 cu ft. It rotated at 21 
rpm and contained enough abrasive 
chips to half fill it. The water was level 
with the top of the load and contained 
about 0.4 oz of trisodium phosphate per 
gallon. The abrasive chips were fused 
aluminum oxide, No. 0 in size (maximum 
dimension in the range of 1 to 14 in.). 
These tumbling conditions are represen- 
tative of those used in practice to get the 
relatively rapid rate of cut needed for 
deburring and for appreciable rounding 
of sharp edges, except that a somewhat 
smaller chip size is generally used. 

A few of the bars were found to be 
nicked after tumbling. Tt was thought 
that this resulted from occasional contact 
between bars, which were loose in the 
barrel. Therefore the other two groups 
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of bars were clamped eight atatimeina 
fixture attached to the inside of a 6-cu 
ft octagonal straight-sided barrel, which a 
was rotated at 83 rpm in keeping with 
commercial practice. The bars were 


positioned with their lengths parallel to ie 
the barrel axis and with the flat surfaces - 
tangent to a circle several inches from * 


the barrel walls. They were tumbled for 
4 hr but the direction of rotation was 
reversed at the end of 2 hr in order to 
equalize the action of the abrasive upon 
the long edges of the bars. The barrel 
was loaded three quarters full with 
chips and trisodium phosphate solution. 
The BD group bars were tumbled ~ 
with No. 0 chips, such as were used 
previously, the BF group bars with No. 
4 chips, which are roughly } in. in size. 
A number of the BD group bars were 
found to be nicked after tumbling, but 
none of the BF group bars were nicked. 
Evidently the nicks in the AH group 
bars, which were tumbled loose, were =, 
not due to occasional contact between 
the bars, as originally assumed, but to 
the use of chips that were too large and 


heavy for hardened steel bars having = 
very sharp edges. Nicking did not occur _ 
when No. 2 chips, intermediate in size, 
were used for fixture-tumbling a group 
of bars that were not fatigue tested. i— 


EXPERIMENTAL PROCEDURES 


The deflection method used in the 
previous study provided the residual- 
stress data except for the BG group 
bars, ground transversely with soluble 
oil, which were analyzed by X-ray dif- 
fraction. The residual stresses were 
determined for both surfaces of one of 
these bars by A. A. Taylor of the Ma- 
terials Development Laboratory of Pratt 
& Whitney Aircraft Division, United 
Aircraft Corp.; and for a single surface 
of another bar by D. P. Koistinen and 
R. E. Marburger of the Research Staff 
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of General Motors Corp.® In _ both 
instances it was necessary to use speci- 
mens cut from the center portions of 
bars subjected to fatigue testing. It is 
assumed that the stresses were those 
present prior to fatigue testing since it 
has been shown that cyclic stressing did 
not measurably affect the residual 
stresses in similar bars (1). In addition, 
Koistinen and Marburger also obtained 
X-ray stress data for a specimen cut 
from the center portion of the same BC 
group bar that the authors had pre- 
viously investigated by the deflection 
method. This bar had been ground 
longitudinally with soluble oil and had 
not been tested in fatigue. The X-ray 
data for the BC group bar, presented in 
Table I, showed good correlation with 
the deflection-method data obtained on 
a specimen from the same group of bars. 

Fifteen bars in each group were tested 
in reversed cantilever bending, the 
fatigue limit being determined by the 
staircase method. The procedure and 
the method of evaluating the fatigue 
limit have been described in a previous 
paper (1). 

EFFECT OF GRINDING DIRECTION 


The experimental data are presented 
in Table I for the two groups ground 
with grinding oil (AG and BB), and with 
soluble oil (BC and BG). The surface 
roughness for the BC group is a little 
lower than previously reported. The 
indicated roughness value is the average 
for both surfaces of a number of bars 
instead of the average for a single bar. 


5In these X-ray analyses, Taylor used a 
special collimating-beam technique that he has 
developed, in which the slopes of the sides of the 
diffraction line determine the location of the 
peak. Koistinen and Marburger used another 
new technique, a description of which they plan 
to publish. This method involves the experi- 
mental conditions described by Christenson and 
Rowland (2) but with greatly simplified correc- 
tion and calculation procedures, the peak posi- 
tions being determined by a parabola-fitting 
technique. 
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With one exception, the residual stress 
curves were type 2, defined in the pre- 
vious paper (1) as having a compressive 
stress at the surface which changed to a 
tensile peak just below the surface. The 
exception was the residual stress curve 
parallel to the grinding direction for the 
BC group bars. This curve was type 1, 
having a tensile stress at the surface 
that increased to a somewhat higher 
tensile peak. The differences between 
the X-ray and deflection stress values 
for the same specimen in group BC are 
due in part to the fact that the former 
are for a single surface, while the latter 
are the average results for two surfaces 
that happened to differ considerably 
with respect to the residual stresses. The 
differences between the two X-ray 
determinations for group BG probably 
arise from real differences between the 
stresses present in two specimens as well 
as from differences in the X-ray tech- 
niques. 


Grinding-Oil Results: 


As is evident from Table I, the stress 
curves parallel to the grinding direction 
were practically the same for groups 
AG and BB. These had been ground 
longitudinally and transversely, respec- 
tively, with the aid of a grinding oil. 
This was likewise true of the stress 
curves perpendicular to the grinding 
direction, which were appreciably more 
compressive than those parallel to it. 
The peak tensile stresses were quite low 
and were essentially the same in both 
directions for each group. 

In the direction parallel to the length 
of the bar (and to the applied alternating 
stress), the surface compressive stress 
was thus greater for transverse than for 
longitudinal grinding for the two groups 
processed with grinding oil. However, 
the fatigue limit was the same for both 


® In Fig. 2 the curve for AG is type 2, and in 
Fig. 3 that for BC is type 1. 
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grinding directions so that the difference 
between the compressive stresses parallel 
to the length of the bar was not signifi- 
cant from the fatigue standpoint. For 
the good surface finishes that were 
obtained, the direction of the grinding 
scratches did not affect the fatigue limit 
because the surfaces were sufficiently 
strengthened by grinding to cause 
subsurface nucleation of failures. 

It should be pointed out that, just as 
in other cases of subsurface nucleation, 
the fatigue limit was appreciably higher 
than the base-line value previously 
established for the steel when the surface 
was neither strengthened nor weakened 
by grinding. The improvement in the 
fatigue limit associated with subsurface 
nucleation may be related to the large 
surface compressive stress parallel to 
the length of the bar. If this is the case, 


the larger compressive stress in the BB 
group bars was no more effective than 


the smaller one in the AG group bars. 
Another equally good possibility, based 
on previous results, is that the surface 
strengthening resulted from the cold 
work associated with grinding. Further 
research would be necessary to determine 
which of these factors is primarily 
responsible for subsurface nucleation. 


Soluble-Oil Results: 


The groups of bars ground longitudi- 
nally (group BC) and _ transversely 
(group BG) with soluble oil differed 
appreciably with respect to the residual 
stress curves for the two grinding direc- 
tions, as shown in Table I. The grinding 
conditions for these groups were the same 
except for the grinding direction and the 
resulting change in the frequency with 
which the cut was interrupted. Parallel 
to the grinding direction, the stress was 
tensile both at and below the surface for 
the longitudinally ground bars, but it was 
compressive at the surface and tensile 
below for the transversely ground ones. 


The latter condition also applied to the 
stresses perpendicular to the grinding 
direction for both groups of bars. Thus 
the stress which is presumably effective 
from the fatigue standpoint, parallel to 
the length of the bar, was tensile at the 
surface for longitudinal grinding and 
compressive for transverse grinding, 
while the subsurface tensile peak was 
approximately the same for both grind- 
ing directions. 

The fatigue limit for the longitudinally 
ground bars was essentially at the base- 
line value, which had previously been 
established as approximately 71,500 psi, 
and the failures nucleated at the surface. 
Changing the grinding direction to 
transverse raised the fatigue limit from 
73,000 psi to 80,000 psi. The location at 
which failures nucleated also changed 
most significantly from surface to sub- 
surface. Since subsurface nucleation 
implies that the surface is strengthened 
sufficiently to raise the fatigue limit 
above normal, it is concluded that the 
rather small increase in the fatigue limit 
is real. 

It should be kept in mind that the 
observed increase in the fatigue limit for 
transverse grinding applies to the par- 
ticular grinding conditions that were 
used. For other good grinding conditions 
or for other work sizes, there may be no 
improvement in the fatigue limit when 
the grinding direction is changed from 
longitudinal to transverse, but at least 
there is no evidence in the present limited 
study of the effect of grinding direction 
that the fatigue limit would be lower for 
transverse grinding as has been generally 
assumed. 


Residual Stresses and Grinding Action. 


The effects of grinding direction dif- 
fered somewhat for the two types of 
grinding fluid used in preparing the bars. 
A comparison of the residual-stress data 
for hardened steel with those obtained 


J 
7 
= 


by Halverstadt (3) for an iron-base 
high-temperature alloy (A-286) shows 
that the difference in the residual-stress 
pattern associated with the two grinding 
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EFFECT OF ABRASIVE TUMBLING 


The residual-stress distributions paral- 
lel to the grinding direction (and to the 


TABLE II.—RESIDUAL-STRESS DATA PARALLEL TO LENGTH OF BAR FOR 
LONGITUDINAL AND TRANSVERSE GRINDING. 


peak tensile stress was either consider- 
ably lower for transverse grinding or else 
_ very nearly the same as for longitudinal 
grinding, the observed differences in the 
latter case being small enough to be 
accounted for by unavoidable variations 
between test bars. The depth of the 
tensile peak was smaller for transverse 
grinding in one instance, larger in 
another, and the same in the third 
instance. Thus for three sets of grinding 
conditions, the residual-stress curves 
for the two grinding directions differed 
quantitatively from each other in various 
ways, but their general configurations 
remained essentially the same. 


High-Temperature Alloy Hardened Steel Hardened Steel 
Longitudinal| Transverse | Longitudinal| Transverse | Longitudinal| Transverse 
Surface stress, psi......... —30 000 | —30 000 | —85 000 | —130 000 10 000 —60 000 
Peak tensile stress, psi... . . 70 000 45 000 20 000 10 000 | 30 000 40 000 
Depth of peak, in......... 0.0007 0.0003 0.0008 0.0009 0.0004 0.0007 
directions can also be affected by the 80 000 * 
work material. His specimens were 
rectangular in shape, 6 in. long by 3? in. 40000} 
wide, so that the ratio of length to width 
was roughly the same as for the central A? 
portion of the hardened steel specimens. ff 
ms residual-stress results for the two / 
“materials are listed in Table II, the 3 -4000F/ / 
’ values being rounded off for convenience. I — Group AG 
The data in the last two columns were -80000} | —— 
obtained by X-ray diffraction by Kois- ° I al 
tinen and Marburger. 3 120000} | 
For the same grinding conditions in % 
the two grinding directions, the surface 
stress was the same in one instance but aeons | = 7 
much lower algebraically for transverse 
grinding in the other two instances. The —_ 0 2 4 6 8 10 


Depth Below Surface, 0.00I in 


Fic. 2.—Typical Stress Distributions Parallel 
to Length of Bar. 


AG, ground with grinding oil; AH, ground 
the same way and tumbled with No. 0 chips. 


length of the bar) are shown in Fig. 2 for 
a single surface of a representative bar 
from group AG, ground with a grinding 
oil, and for an AH group bar, ground in 
identical fashion and then tumbled loose 
for 4 hr with No. 0 fused aluminum 
oxide chips. The former is a type 2 
curve (compressive stress at the surface 
changing to a tensile peak just below the 
surface) while the latter is type 3 (com- 
pressive stress at the suriace which 
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becomes very slightly tensile below the 
surface). Abrasive tumbling resulted in a 
considerable increase in the magnitude of 
the compressive stress and in the elimina- 
tion of the small subsurface tensile peak. 
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from the grinding operation was also 
eliminated by tumbling with the larger 
chips, and only a trace of the peak stress 
remained when the smaller chips were 
used. Both tumbling operations increased 


TABLE III.—RESIDUAL-STRESS AND FATIGUE DATA FOR ABRASIVE 
TUMBLING STUDY. 


Group AG Group AH Group BC Group BD Group BF 
ee ees ae Grinding Oil Grinding Oil Soluble Oil Soluble Oil Soluble Oil 
Type of tumbling................ None se one Fixture 
Size of tumbling chips........... oe No. 0 aaa No. 0 No. 4 
Surface roughness, microinches. . 10 17 19 15 9 

ResipuaL-Stress Data—PaRaLLEL TO GRINDING DIRECTION 
Surface stress, psi........ —87 000 —168 000 34 000 —254 000 —270 000 
Peak tensile stress, psi... . . 21 000 0 49 000 0 6 000 
Depth of peak, in........ 0.0008 0.0003 Per 0.0026 
Fatigue Data 
Fatigue limit, psi.......... 91 000 103 000 73 000 85 000 85 000 
Location of fatigue nuclea- 


* Footnotes a, c, and d of Table I are also applicable here; grinding direction was longitudinal’ 
and stress data are deflection-method averages for two surfaces except for BF group. 


The average stress values for two 
surfaces from each group of bars, the 
fatigue limit and the surface roughness 
are presented in Table III. Although the 
fatigue limit for the ground bars was 
already considerably above the base-line 
value of 71,500 psi, abrasive tumbling 
raised it even further, from 91,000 psi 
to 103,000 psi. In both cases, the fatigue 
failures nucleated below the surface, 
showing that it had been appreciably 
strengthened by the processing. 

Figure 3 and Table III show the 
residual-stress distributions obtained by 
grinding with soluble oil, group BC, or 
by fixture-tumbling with No. 0 or No. 4 
aluminum oxide chips after grinding the 
same way, as in groups BD and BF. The 
latter curves are again type 3. Tumbling 
wiped out the tensile grinding stress at 
the surface and introduced an extremely 
high compressive stress, which was 
practically the same for both chip sizes. 
The subsurface tensile peak resulting 


0 or No. 4 chips. 


80 000 
Vine 
40000 Ay 
ii 
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= -80 000} 
i| — Group BC 
3 -I20000f Group: OF fan 
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-160 000 
-270 
-240 000 
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Fic. 3.—Typical Stress Distributions Parallel 
to Length of Bar. 

BC, ground with soluble oil; BD and BF, 
ground the same way and tumbled with No. 
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the fatigue limit from 73,000 psi to 
85,000 psi and changed the location of 
the failures from surface to subsurface. 

Residual-stress curves were also ob- 
tained for bars processed like the BD 
and BF groups except that No. 2 abrasive 
chips, intermediate in size, were used. 
The curves were essentially the same as 
for the other two groups, tumbled 
with larger or smaller chips. Thus 
within the range investigated, chip size 
is likely to have little if any effect upon 
the improvement in the fatigue limit. 

Although the surface stress prior to 
tumbling was tensile for the BD group 
bars and compressive for the AH group 
bars, tumbling with the No. 0 chips 
resulted in a considerably greater com- 
pressive stress for the BD group bars. 
Apparently the tumbling method af- 
fected the magnitude of the change 
since the BD group bars were tumbled 
in a fixture at a much lower rotational 
speed than the AH bars, which were 
tumbled loose. 

In spite of the greater compressive 
stress present in the BD bars, the fatigue 
limit was lower than for the AH group 
bars. Thus the fatigue limit does not 
necessarily increase with an increase in 
the compressive stress. This is an indi- 
cation that the microstresses associated 
with cold work, which can vary with the 
tumbling conditions, can affect the fa- 
tigue properties independently of the re- 
sidual (or macroscopic) stresses, just as 
has been observed to happen in grinding. 

Abrasive tumbling increased the fa- 
tigue limit by 12,000 psi whether the 
bars had been previously ground with a 
grinding oil or with a soluble oil. How- 
ever, this is probably a coincidence since 
Tarasov and Grover (4) obtained an 
increase of around 30,000 psi as a result 
of tumbling bars that had been ground 
so severely as to reduce the fatigue limit 
far below the base-line value. 

The surface roughness did not corre- 


late at all with the fatigue limits. ‘Tum- 
bling increased the roughness of the bars 
ground with a grinding oil (from 10 to 17 
microinches), and decreased it for those 
ground with soluble oil (from 19 to 15 or 
9 microinches). In all three instances, the 
fatigue limit was raised, but it was 
highest for the AH group bars, which 
were the roughest of those that were 
tumbled. 

As mentioned earlier, the very sharp 
edges of some of the AH and BD groups 
of bars became nicked during tumbling 
with the No. 0 chips. Some of these 
bars failed earlier than comparable bars 
that were not nicked, but some did not, 
so no definite conclusion can be drawn 
at present as to the significance of small 
nicks on the fatigue strength of abrasive- 
tumbled parts. Apparently the weaken- 
ing effect of a nick viewed as a geo- 
metrical stress-raiser can in some 
instances be overcome by localized 
strengthening at the base of the nick. 
Regardless of this, nicking is undesirable 
and is always avoided in good tumbling 
practice. 

Marble and Ruehrwein (5) have 
recently found that the fatigue limit for 
AISI 4130 steel hardened to Rockwell 
hardness C 35 increased appreciably 
with lower surface roughness. However, 
their results do not contradict those 
obtained in the present work since their 
wide range of roughness values resulted 
from changes in the processing method, 
which included such diverse ones as 
shaping, grinding, electrodischarge ma- 
chining, and abrasive tumbling. The 
observed changes in the fatigue limit 
with the changes in the processing 
method and the resultant surface rough- 
ness were undoubtedly due to both 
factors and not just to roughness alone. 
Also, it is probable that many of their 
fatigue failures started at the surface, in 
which case the roughness would be ex- 
pected to be a significant factor. 
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CONCLUSIONS 


The conclusions of this study are 
lerived from reversed-bending fatigue 
limits obtained for flat bars made from 
modified AISI 52100 steel uniformly 
hardened to Rockwell hardness C 59 
and substantially free from residual 
stresses other than those introduced by 
grinding or abrasive tumbling. 

Changing the grinding direction from 
longitudinal to transverse relative to the 
length of the bar either left the fatigue 
limit the same or else increased it by 
about 10 per cent. Even though the 
fatigue limit may be no higher for 
transverse than for longitudinal grinding 
under other grinding conditions, no 
evidence was found in the present 
study that it would be lower as has 
generally been assumed. 

The fatigue limit remained the same 
when grinding oil was used in the 
preparation of the bars, and its value for 
longitudinal grinding was already con- 
siderably above the base-line value. For 
both grinding directions, the surface 
stresses were compressive and the failures 
nucleated below the surface. 

The increase in the fatigue limit oc- 
curred when soluble oil was used under 
grinding conditions that were representa- 
tive of good commercial practice. In 
this case, the fatigue limit for longi- 
tudinal grinding was at the base-line 
value. The surface stress changed from 
tensile to compressive when the grinding 
direction was made transverse instead of 
longitudinal, and the location of failures 
changed from surface to subsurface. 
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Abrasive tumbling of bars ground 
either with grinding oil or soluble oil 
resulted in very high compressive surface 
stresses. The failures all nucleated below 
the surface and the fatigue limits were 
raised 12,000 psi above those obtained 
for the corresponding ground conditions. 
The fatigue limits for the tumbled bars 
could not be correlated with the surface 
stresses. This indicated that the cold- 
worked condition of the surface can also 
affect the fatigue properties, just as has 
been found true in connection with 


grinding. 


The work reported in this paper was 
part of a joint program concerned with 
the effects of grinding and of abrasive 
tumbling on the residual stresses in 
hardened steel and on its fatigue proper- 
ties. The bars were prepared at Norton 
Co. The residual-stress studies were 
carried out at the Mellon Institute of 
Industrial Research as part of a wider 
investigation of residual stresses spon- 
sored by the Grinding Wheel Inst, and 
the Abrasive Grain Assn. The fatigue 
studies were carried out at Battelle 
Memorial Institute under Norton Co. 
sponsorship. 

The authors wish to acknowledge the 
help of R. J. Favor in obtaining the 
fatigue data; and to thank A. A. Taylor, 
Pratt & Whitney Aircraft Division, 
United Aircraft Corp., and D. P. Kois- 
tinen and R. E. Marburger, General 
Motors Research Staff, for their as- 
sistance in providing some residual-stress 
data that were needed to complete the 


analysis of the results. = 


ad 


| 
~ 
4 . 

> 
> 
r 

‘> 


(538 4 


(1) L. P. Tarasov, W. S. Hyler, and H. R. Let- 
ner, “Effect of Grinding Conditions and 
Resultant Residual Stresses on the Fatigue 
Strength of Hardened Steel,” Proceedings, 
Am. Soc. Testing Mats., Vol. 57, p. 601 
(1957). 

(2) A. L. Christenson and E. S. Rowland, 
“X-Ray Measurement of Residual Stress 
in Hardened High Carbon Steel,” Transac- 
tions, Am. Soc. for Metals, Vol. 45, pp. 638- 

676 (1953). 

(3) R. D. Halverstadt, “Analysis of Residual 
Stress in Ground Surfaces of High-Tem- 


are 


“a 


jo, 

Mr. R. Jounson! (presented 
in written form).—We are particularly 
interested in the author’s remarks on the 
effect of abrasive tumbling on the fatigue 
limit. Our test work in the precision 
spring industry is primarily concerned 
with the fatigue tests of specimens in 
one direction stressing at a constant 
deflection, and these remarks apply to 
such tests. Our tests on flat strips of pre- 
tempered spring steel are carried out 
on specimens mounted as _ cantilever 
beams with the mean stress equal to half 
the maximum stress. The test is insensi- 
tive to slight amounts of plastic flow in 
bending. 

Somewhat to our surprise, several 
years ago we found that tumbling 
operations, which we thought of as quite 
mild, would increase the fatigue life 
markedly. For example, tumbling strips 
in sand moistened with oil, intended to 
be a cleaning operation, increased the 
endurance limit about 10 per cent or 
more, and the life at high stresses cor- 
respondingly. However, this gain was not 


1 Assistant Director of Rese arch, 
Spring Corp., Bristol, Conn. © 
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pure profit. One of the important prop- 
erties of a spring is its ability to resist 
high stresses elastically, without perma- 
nent set. These tumbled parts, which 
must have had considerable residual 
compressive stress in the surface layers, 
resulting from the tumbling, displayed a 
very much lowered elastic limit in 
bending. We measured this by checking 
the minimum diameter to which the 
flat strip could be deformed without 
taking set. The tumbled test strips, in 
other words, had a higher fatigue life 
and lower set point than the nontumbled 
parts. That this was due to the residual 
stresses was indicated by the fact that 
tumbled specimens treated at 600 F 
were restored to their former condition, 
with the fatigue life decreasing and set 
point increasing after the stress relief. 
This has taught us to be suspicious 
of the “mild polishing so as not to 
change the surface” technique so often 
reported by investigators in the fatigue 
field. 
Mr. B. A. Nremerer2—The authors 
have shown a number of curves on which 
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residual stresses are plotted as a func- 
tion of depth below the surface. I am 
curious as to the amount of scatter ac- 
tually obtained with the technique 
which was employed. Perhaps they can 
indicate how closely that curve can be 
plotted and some of the experimental 
points from which these curves were 
drawn. 

Mr. L. P. Tarasov (author).—Mr. 
Johnson’s experience that the fatigue 
limit can be raised appreciably by 
tumbling in sand extends greatly the 
range of particle sizes that can be used 
in abrasive tumbling operations to im- 
prove the fatigue properties. This, of 
course, is very helpful from the practical 
standpoint since numerous other con- 
siderations enter into the selection of 
the tumbling medium. 

The drop in the elastic limit is an un- 
desirable consequence not only of abra- 
sive tumbling but also of other processes 
in which the surface is plastically de- 
formed and compressively stressed, such 
as shot peening. This effect is important 
in small springs, but it can be readily 
overcome by stress-relieving, as shown 
by Mr. Johnson. In a larger spring, 
however, the affected layer is too thin 
in relation to the cross-section to have 
any adverse effect on the elastic behavior 
of the spring. 

With regard to Mr. Niemeier’s ques- 
tion about the scatter of the experi- 
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mental stress data, there is practically 
none for the points upon which a single 
curve is based. This question was dis- 
cussed in a previous paper® by one of the 
authors, where the curvature of a test 
specimen is plotted in Fig. 9 against the 
total thickness of the layer removed by 
etching. The deviation of the experi- 
mental points from the best smooth 
curve that can be drawn is barely 
perceptible. The residual stresses are 
calculated from these curves so that the 
very small experimental scatter in the 
curvature data is of no significance. 

The accuracy with which a residual 
stress curve can be determined for an 
individual specimen is far greater than 
the reproducibility of the results ob- 
tained from a group of similarly proc- 
essed test bars. This is especially true 
of very severe grinding conditions. In 
one such instance, the peak tensile 
stress was almost twice as high in one 
bar as in another, both ground under 
the same nominal conditions. Under 
good grinding conditions, the scatter is 
considerably less from bar to bar, but 
it is still greater than the accuracy with 
which a single stress curve can be 
determined. 


3H. R. Letner, ‘‘Residual Grinding Stresses 
in Hardened Steel,’’ Transactions, Am. Soc. 
Mechanical Engrs., Vol. 77, pp. 1089-1098 
(1955). 
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-_ DISTRIBUTION OF FATIGUE FAILURES IN FLAT HARDENED 


STEEL TEST BARS* 
By W. S. Hyter,' L. P. Tarasov,? R. J. Favor! 
SYNOPSIS 
ul 
The locations of fatigue nuclei in flat hardened steel bars tested in cantilever 
int bending were analyzed with respect to their distributions in the three principal =| 
ne ‘directions. The surfaces of these bars had been prepared under various grind- nia 
pa ing and abrasive tumbling conditions. Analysis showed that the mean longi- ‘3 
tudinal fracture location was near the maximum stress section and that the : 
“th location was relatively insensitive to grinding or tumbling conditions, relative _ 
a stress level (ratio of applied stress to fatigue limit), and whether failure nu- 
cleated at or below the surface. 
ul The transverse locations of the fatigue nuclei were distributed fairly uni- 
“di formly along the flat surfaces of the bars with only slight evidence that the __ 
“ay corners of the specimens were more frequent sites for fatigue nucleation. 452 
oH Some grinding conditions and all tumbling conditions resulted in improved = 
fatigue strength over a base fatigue limit. In these cases fractures nucleated 
predominantly subsurface, generally at inclusions. o 
A study was made of the kind, size, and depth of inclusions in those series of s 
rv bars for which failure was predominantly subsurface. Of these bars, 93 per cent he 
i had inclusions at the origin; about 55 per cent of these were of the complex | 
ad oxide type, while the rest were titanium cyanonitride inclusions. The mean ory 
i diameter of the oxide inclusions was 0.0037 in.; the average depth was 0.0041 > 
10 in. Corresponding values for the titanium cyanonitride inclusions were 0.0006 
hi and 0.0011 in., respectively. No positive correlations were found between mean 
i diameter and either relative stress level or fatigue lifetime, or between depth = 
ps and either relative stress level or fatigue lifetime. 


Two previous papers by Tarasov, 
Hyler, and Letner (1,2)' presented an 
evaluation of the effect of various grind- 
ing and abrasive tumbling conditions 


*Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958 

1 Battelle Memorial Institute, 
Ohio. 

2? Research and Development Department, 
Norton Co., Worcester, Mass. 

> The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


Columbus, 


on the residual stress and fatigue limit 
of hardened steel. The observed fatigue 
limits varied over a wide range. No 
simple correlation was found between 
residual stress and fatigue limit, and 
the results suggested that surface cold 
work from grinding was an important 
factor. 

Some additional studies were made 
of the location of the fatigue nuclei in 


see p. 549. realli 7 the bars and of the type and size of 
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inclusions that were frequently asso- 
ciated with the nuclei. This paper con- 
tains a summary and discussion of these 
studies. 

The fatigue program had been aimed 
at studying as many grinding and 
tumbling variables as possible. Most 
of the specimens, therefore, were tested 
at or near the various fatigue limits, 
and few data were available for study 
from the finite lifetime region. Since 
many of the minor variations in process- 
ing would not be expected to influence 
fracture location, certain similarly proc- 


Line of Maximum Stress 


0120 in Thick 


: Fic. 1.—Fatigue Specimen Details. 


essed and tested groups were combined 
to provide a larger population for each 
of the analyses that were made. There 
were four such groupings of processing 
and testing variables: 

1. Longitudinally ground bars tested 
in reversed bending, 

2. Longitudinally ground bars tested 
in unidirectional bending, 

3. Transversely ground bars tested 
in reversed bending, and 

4. Abrasive tumbled bars tested in 
-eversed bending. 


DESCRIPTION OF SPECIMENS 


The fatigue specimens were made 
from a modified AISI 52100 type steel, 
hardened to Rockwell hardness C 59. 
The microstructure throughout the bars 
was a uniform dispersion of fine carbide 
particles in tempered martensite. Figure 
1 shows essential details of the finished 
specimen. The edges of the test section 
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have elliptical contours with a mini- 
mum width of 1.25 in. The details of the 
processing have been discussed in the 
two previous papers (1,2) for each of the 
individual groups of fatigue bars. 

The specimen, when clamped in the 
fatigue machine, was subjected either 
to a completely reversed or a unidirec- 
tional bending stress cycle. The speci- 
men was bent as a cantilever and because 
of its configuration the nominal longi- 
tudinal stress, Mc/I, was not uniform 
along the test section. As indicated in 
Fig. 2, this stress was maximum at 6.5 
in. from the loading axis. However, for 
an appreciable length, the stress was 
within 95 per cent of the maximum 


Fic. 2.—Longitudinal Stress Distribution. 


The X and Y axes shown in Fig. 1 are 
the coordinate axes from which measure- 
ments were made of the longitudinal and 
transverse location of each fatigue 
failure. After each failure nucleus was 
identified on the fracture surface, the 
two measurements were made to the 
nearest 0.01 in. In subsequent analysis of 
the data, longitudinal measurements 
were referred to the axis representing 
the line of maximum stress. The trans- 
verse measurements were converted to 
the distance from the nearest corner of 
the specimen. Each such corner distance 
was divided by half the width of the 
specimen at the pertinent longitudinal 
section. These ratios expressed in per 
cent represented the corner distance or 
transverse location of the fatigue nucleus. 

Following these measurements, the 
fracture surface of each specimen was 
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examined under low and moderately 
high magnification. When failure nuclei 
were observed below the surface of the 
specimen, the distance to the surface was 
measured to the nearest 0.0001 in. This 
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Fic. 3.—Cumulative Percentage of Failures to Indicated Longitudinal Distance for All Data. 
ic. All Dota —55 Specimens 
x Subsurface Failures — 21 Specimens 
° Surface Failures Specimens 4 
5 10 2 30 4 50 60 70 80 85 90 92 949596 97 98 99 


Fic. 4.—Cumulative Percentage of Failures to Indicated Longitudinal Distance for Groups 
Longitudinally Ground and Tested in Reversed Bending. 


inspection also disclosed that there was 
in many cases an inclusion at the nucleus. 
The dimensions of the inclusions were 
measured at high magnification both 
parallel and perpendicular to the surface 
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of the specimen, and the size was ex- 
pressed as the square root of the product 
of the two measurements. 


LONGITUDINAL FAILURE DISTRIBUTIONS 


Figures 3 and 4 are plots on extreme 
value probability paper of the cumulative 
percentage of failure to any position 
along the longitudinal axis of the speci- 
men. The negative dimensions in these 
figures are in the direction of the Y axis 
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Fic. 5.—Histograms for Longitudinal Fail- 
ure Locations for Four Groups of Processing 
and Testing Variables. 


of Fig. 1, measured from the maximum 
stress section. Figure 3 contains data 
from the 15 groups of bars investigated. 
However, data are included for only 
those specimens that were tested at stress 
levels in the range 90 to 114 per cent of 
their respective fatigue limits. Figure 4 
contains data from all the groups of 
specimens longitudinally ground and 
tested in reversed bending. This group- 
ing had the same number of surface 
and subsurface failures; hence, was use- 
ful in examining whether failure loca- 
tion (depth of nucleation) influenced the 
longitudinal fracture location. 

Figure 3 shows that all of the longi- 
tudinal failure data can be represented 
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by a straight line over an appreciable 
range. Failures occurred over approxi- 
mately 4 in. of the test section with the 
median location near the maximum 
stress section. About 70 per cent of the 
failures were in the region of the bar 
where the stresses were greater than 95 
per cent of the maximum nominal ap- 
plied stress. The remainder of the failures 
provide evidence that local ee 
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Fic. 6.—Histograms for Longitudinal Fail- 


ure Locations for Longitudinally Ground Bars 
Tested in Reversed Bending. 
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ties exist which raise the stress at the 
failure location 5 per cent or more to a 
value equal to or greater than the maxi- 
mum nominal applied stress. The ob- 
servation of inclusions at the fatigue 
nuclei, discussed later, supports the 
idea that metallurgical stress raisers are 
important. 

The straight-line relationship is also 
evident in Fig. 4, but to a more limited 
extent. Also from Fig. 4, the longitudinal 
distribution of failure is not affected by 
the depth below the surface at which 
failure initiated. 

In order to study the effect of some 
other variables on the longitudinal dis- 
tribution of failures, histograms were 
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constructed and are shown in Fig. 5 for 
each of the four major groupings of proc- 
essing and testing variables. In the case 
of the longitudinally ground bars tested 
in reversed bending, histograms also 
were constructed for three ranges of the 
ratio of test stress to fatigue limit (de- 
noted by relative stress level in Fig. 6 
and in Table II). The three ranges indi- 
cated under the appropriate histogram 
in Fig. 6 were so selected that there would 
be approximately the same number of 
failed specimens in each group. It hap- 
pened that the selected ranges also or- 
dered, the data from the standpoint of 
survivors and failures. For example, in 
the stress range 105 to 114 per cent, all 
specimens tested were failures. In the 
range 100 to 104 per cent, about three 
fourths of the specimens were failures. 
Finally, in the stress range 90 to 99 per 
cent, about one third of the specimens 
tested were failures. 

Since the number of specimens in 
some of the groups was relatively small, 
the histograms in Figs. 5 and 6 can be 
used only qualitatively. An examination 
of the figures shows that the distribution 
of longitudinal fractures was not affected 
by processing and testing variables, nor 
is stress level an influencing factor. 

The failure distributions were analyzed 
further by plotting graphs of cumulative 
percentage of failure for each of these 
groups and by constructing confidence 
bands for each of the cumulative dis- 
tributions. The method employed was 
that suggested by Kolmogoroff (3) for 
use when the cumulative distribution 
function is unknown as it is in these 
cases. The method also takes into account 
the differences in population of the 
various groups. 

If this approach is used graphically in 
comparing two distribution functions 
and if the confidence bands plotted on 
the same graph overlap considerably, 
there would be no evidence for asserting 
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that a difference exists in the two func- 
tions for the appropriate levels of con- 
fidence. If the confidence bands do not 
overlap, the evidence would indicate 
that there would be a real difference in 
the functions. Finally, if the confidence 
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bands barely overlap, it would be neces- 
sary to use more powerful statistical 
tools to determine whether a difference 
exists. This approach confirmed the 
other more approximate analyses. Thus, 
it was established at the 95 per cent 
confidence level that there was no statis- 
tical evidence that the longitudinal 
failure location was influenced by (a) 
major processing and testing variables, 
(6) stress level, or (c) depth from the 
surface at which failure initiated. 

With reference to item (6), the con- 


mt 
a 


On FATIGUE FAILURES IN FLA 


clusion is in agreement with statements 
of Cummings, Stulen, and Schulte (4, 5) 
who found qualitatively that there is an 
approximate stress level below which 
the scatter in failure location was high 
and single fatigue nuclei were observed 
on the fracture surfaces. The data con- 
sidered in this paper probably were taken 
at stress levels appreciably below this 
approximate bounding stress level. 

The effect of inclusion size on longi- 
tudinal location of failure also was ex- 
amined. The data were displayed on a 
graph with coordinates of inclusion size 
and longitudinal distance. The graph is 
not shown since there was no evidence 
to suggest that the inclusion size or even 
the type of inclusion influenced the lon- 
gitudinal failure location. 


TRANSVERSE FAILURE DISTRIBUTION 


It has been stated frequently (for 
example, reference (6)) that sharp cor- 
ners can be detrimental and that fatigue 
cracks generally initiate at the corners 
of specimens having a rectangular cross- 
section. However, the fatigue failures in 
this study did not behave in this manner. 

In Fig. 7 are shown histograms for 
two of the general processing and testing 
conditions. These include the groups of 
longitudinally ground bars and also the 
groups of abrasive tumbled bars, both 
tested in reversed bending. The former 
group was a homogeneous one that 
contained 55 specimens. The latter 
group had less than half that number of 
specimens. The histograms have been 
plotted for two increments of distance 
from the corner. The smaller increment, 
10 per cent, represented by the cross- 
hatched areas, probably is too detailed 
for the number of specimens involved. 
In the histogram based on the larger 20 
per cent increment, the ordinate is the 
sum of the ordinates of the two smaller 
increments within each larger unit of 


corner distance. 
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The histogram for the longitudinally 
ground specimens shows that the failure 
nuclei are distributed uniformly over 
the flat surface of the specimen, with no 
evidence that the corners were more 
frequent sites of fatigue nucleation. 

A somewhat different conclusion might 
be deduced from the histogram for abra- 
sive tumbled bars. In this case, the data 
show that the area adjacent to the cor- 
ners provided a more frequent site for 
fatigue nucleation, even though the 
corners were rounded over in the tumbled 
bars and quite sharp in the ground ones. 
This indicates that the greater tendency 
of the abrasive tumbled bars to have 
failures initiate near the corners than 
away from it cannot be ascribed to the 
weakening effect of a corner. 

These observations suggest that the 
specimen corners had little or no effect 
upon the location of failures. The fact 
that many specimens failed at inclusions 
remote from the corners indicates that 
the stress-raising influence of the inclu- 
sions was much more influential in 
determining the location at which failure 
nucleated. 

Even though the corners were not 
particularly important as a discontinu- 
ity, it should be recognized that the 
fatigue limit is affected markedly by the 
shape of the cross section. This has been 
shown by several investigators (see, for 
example, references (7 and 8)). 


DeptH TO FATIGUE NUCLEUS 


The fatigue nuclei were found either 
at the surface or somewhat below the 
surface (1, 2), with a large number having 
inclusions at the origin. If such an in- 
clusion intersected the surface, the 
failure was called a surface failure. If 
the inclusion did not intersect the sur- 
face, the depth to the failure origin was 
considered as the distance from the sur- 
face to the center of the inclusion. For 
specimens that did not contain obvious 
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inclusions at the nucleus, surface or 
subsurface nucleation was estimated 
from the appearance of the fracture 
surface. 

For each group (corresponding to 
each processing condition) the fatigue 
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associated usually with grinding condi- 
tions that involved the use of either 
soluble oil or hard wheels. The bars 
ground transversely with soluble oil 
were an exception since they all failed 
below the surface. 
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Fic. 8.—Residual Stress Distribution and Location of Fatigue Nuclei in Group BC Bars, Ground 


with Soft Wheel and Soluble Oil. 
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nuclei seemed to be predominantly either 
at the surface or appreciably below the 
surface. For example, subsurface failures 
were generally observed in specimens 
ground with a combination of a moder- 
ately soft wheel and grinding oil. Similar 
failures were observed on the fracture 
surface of bars that were abrasive tum- 
bled. Surface failures, however, were 


Fic. 9.—Residual Stress Distribution and Location of Fatigue Nuclei in Group AG Bars, Ground 


The experimental evidence indicated 
that the fatigue limits were higher for 
groups of bars for which failure initiated 
below the surface. While it is certain 
that some of the improvement in be- 
havior could be attributed to compressive 
residual stresses, it is believed that sur- 
face cold work from grinding and tum- 
bling also are important. 


If the residual stress data and the 
failure depth data were considered to- 
gether, several features of interest 
emerge. Figures 8, 9, and 10 show graphs 
of the three types of residual stress dis- 
tributions, previously identified (1), on 
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value, a large number of failures were 
observed at a range of depths where the 
tensile stresses are present and where the 
stress gradient is steep. A few surface 
failures were observed, and, once again, 
failures also initiated at inclusions lo- 
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Fic. 10.—Residual Stress Distribution and Location of Fatigue Nuclei in Group AH Bars, Loose 
Tumbled with No. 0 Fused Aluminum Oxide Chips. 


which are superimposed positions of the 
failure nuclei for each appropriate group. 

From Fig. 8, when the residual stress 
is tensile, both at the surface and below, 
most of the failures initiated at the sur- 
face. Occasionally, a failure initiated 
below the surface at some underlying 
inclusion. Figure 9 shows that for those 
groups with moderate surface compres- 
sive stresses and subsurface tensile 
stresses and with fatigue limits that were 
appreciably higher than the base-line 


cated at appreciable depths below the ; 
surface. 

For specimen groups with very high 
surface compressive stresses and very 
low subsurface tensile stresses, as in 
Fig. 10, subsurface nucleation was found 
at depths where the residual stresses are 
negligible. However, once again, nuclei 
were observed at depths much below the 
residually stressed layer. 

The inclusions at the fatigue nuclei 
had finite dimensions, and hence it may 
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be more correct to say that failure initi- 
ated in an area where the residual stresses 
were changing rapidly. For some cases, 
this area included the surface as for 
groups shown in Figs. 8 and 9. In other 
cases, particularly tumbled bars, the 
surface was not included in the area 
where failure initiated. 

The incidence of failures at signifi- 
cantly large depths below the surface 
indicates that residual stress is not the 


TABLE I.—COMPARISON OF SIZE AND 
DEPTH OF INCLUSION TYPES. 


Titanium 
Oxide 
antit Cyanonitride 
Inclusion 
Average Size,* in...... 0.0037 0.0006 
Range in Size, in...... 0.0004 to} 0.0002 to 
0.0193 0.0035 
Average Depth,® in.....| 0.0041 0.0011 
Range in Depth, in.....| 0.0001 to} 0.0004 to 
0.0146 0.0035 


* Size is expressed as the square root of the 
product of the transverse width and depth of 
each inclusion. 

+ Depth is expressed as the distance from the 
surface to center of inclusion. 


only factor of importance. Inclusions at 
such fatigue nuclei must have resulted 
in more unfavorable stresses than the 
residual stresses present near the sur- 
face. The variation in depth of inclusions 
at which failure initiates in a group of 
identically processed bars probably ac- 
counts for some of the scatter in the 
fatigue results. 


INCLUSIONS 


A limited examination of inclusion 
content was made using method A of 
ASTM Recommended Practice E 45.4 
The results indicated the inclusions to be 
predominantly the hard refractory-type 
oxides which were in most cases the 


4 Recommended Practice for Determining the 
Inclusion Content of Steel (E 45-51), 1955 
Book of ASTM Standards, Part 1, p. 1645. 
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alumina type, probably iron aluminate. 
The inclusion rating of the alumina 
type oxides was determined to be B-2 
thin while the inclusion rating of globu- 
lar type oxides (primarily iron oxides) 
was determined to be D-2 thin. These 
inclusions approxi- 
mately 0.0003 in. in diameter. However, 
as indicated subsequently, oxide inclu- 
sions and titanium cyanonitride inclu- 
sions of larger size were observed fre- 
quently at fatigue nuclei. The limited 


ratings 


TABLE II.—PER CENT OCCURRENCE 
INCLUSIONS AS 


OF 
RELATIVE 


represent 


TIME RANGE. 


A FUNCTION 
STRESS LEVEL AND LIFE- 


OF 


Relative Stress 


Lifetime Range, 


Per Cent Occurrence 


Level, per cent cycles Oxide } ans 
Inclusions tride 

Inclusions 
90 to 99 19 14 
100 to 104 54 58 
105 to 114 22 24 
> 114 5 4 

104 to 105 
105 to 10° 27 17 
10° to 107 65 79 

study apparently was not detailed 


enough to disclose the less numerous but 
larger size inclusions which were impor- 
tant from the fatigue standpoint; how- 
ever, it gave an indication of the back- 


ground inclusion level. 


In assessing the effect of inclusions on 
fatigue, only the subsurface failures were 
studied in detail. Of the 75 failures ex- 
amined, 70 failures had inclusions at the 
origin. About 55 per cent of the inclusions 
were of the complex oxide type, the re- 
mainder being titanium cyanonitride 
The subsurface data were 
examined further with the objective of 
determining whether the two kinds of 
inclusions had the same effect on fatigue 


inclusions. 


behavior. 


The inclusions at which failures oc- 


: 
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cured differed markedly with respect to 
size and depth below the surface, as 
shown in Table I. On the average, the 
oxide inclusions were about six times as 
large as the others and were located 
about four times as far from the surface. 

In spite of these differences, the relative 

occurrence of the two types of inclusions 

at the fatigue nuclei was not affected by 
the stress level or by the fatigue lifetime, 

as is evident from Table II. 

When each type of inclusion was con- 
sidered separately, a similar analysis 
showed that the relative stress level or 
fatigue lifetime did not have any de- 
tectable influence on the size and depth 
of the inclusions associated with the 
fatigue nuclei. 

ConcLuDING REMARKS 

‘The study of the distribution of fail- 
ures in hardened steel fatigue bars has 
indicated a number of interesting fea- 
tures: 

1. The longitudinal distribution of 
failures was insensitive to the major 
processing and testing variables studied 
in this program and to the relative stress 
levels examined and to the depth at 
which failure initiated. The processing 
variables included longitudinal grinding, 
transverse grinding, and abrasive tum- 
bling. The testing variables were reversed 
and unidirectional bending. 

2. The longitudinal failure distribu- 

ware Ao @) le 
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sultant Residual Stresses on the Fatigue 

Strength of Hardened Steel,” Proceedings, 
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Testing Mats., Vol. 58, p. 528 (1958). 
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tion, when plotted on extreme value 
probability paper, could be approximated 
by a straight line, with a median value 
near the maximum stress section. 

3. The transverse failure distribution 
did not appear to be affected by process- 
ing or testing variables. The data indi- 
cated that there was little or no tend- 
ency for the fatigue failures to originate 
at the corners of the specimens, contrary 
to what might be expected from some of 
the literature. The evidence suggested 
that inclusions remote from the corners 
were as detrimental. 

4. The depth of nucleation appears 
to be related to processing variables. 
Since many of the failures initiated at 
inclusions which were of a finite size, 
most failures could have initiated in 
areas where the residual stresses were 
changing rapidly. As this transition layer 
became deeper, resulting from specific 
processing conditions, failures generally 
were at greater depths. 

5. Two kinds of inclusions generally 
were found at the fatigue nuclei: complex 
oxide inclusions and titanium cyanoni- 
tride inclusions. The oxide inclusions 
were more massive than the latter and 
were found at considerably greater 
depths from the specimen surface. There 
was no evidence, however, that the larger 
oxide inclusions affected fatigue behavior 
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nonitride inclusions. 
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Mr. H. E. FRANKEL. \_Although the 
authors have emphasized the importance 
of processing variables on the depth of 
nucleation of fatigue fractures, I would 
like to point out that composition may 
perhaps be of equal importance. 

Data obtained at the National Bureau 
of Standards on experimental heats of 
steels containing 1.3 per cent copper 
showed that two thirds to three fourths 
of the specimens tested gave a subsurface 
nucleation effect. As these specimens had 
been processed in a manner similar to 
thousands of other specimens, the infer- 
ence is that the copper is the agent re- 
sponsible for the large number of failures 
initiating at inclusions below the surface. 

Mr. W. S. Hyer (author).—Mr. 
Frankel has raised an interesting point in 
suggesting that composition may be im- 
portant in affecting the depth of nuclea- 
tion of fatigue fractures. It is possible in 
this case that the addition of 1.3 per cent 
copper could have influenced the cold- 
working characteristics of this steel to 
such an extent that the characteristics of 
the surface layer were sufficiently altered 
to promote subsurface nucleation. Thus, 
although similar surface preparation 
techniques may have been used, more 
favorable residual stress distributions 
may have been formed in the surface 
layer and the layer may have been cold 
worked more extensively in the steel with 
1.3 per cent copper. Each of these effects 


1 National Bureau of Standards, Washington, 
C. 


the Fatigue of Hardened Steel,” Proceedings, 
Am. Soc. Testing Mats., Vol. 50, pp. 668- 
698 (1950). 

T. J. Dolan, J. H. McClow, and W. J. Craig, 
“The Influence of Shape of Cross Section 
on the Flexural Fatigue Strength of Steel,” 
Transactions, Am. Soc. Mechanical Engrs., 
Vol. 72, No. 5, pp. 469-476, July, 1950. 
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could lead to a strengthened surface layer 
which could lead to subsurface nuclea- 
tions at inclusions. 

Mr. T. J. Dotan.2—I think the au- 
thors should be congratulated on doing a 
very tedious and painstaking job of try- 
ing to locate the nuclei for failure in 
specimens of this nature. Those who have 
looked at a variety of fractured surfaces 
can realize the complexity of the task 
involved. 

In several tests over recent years we 
have had occasion to watch the develop- 
ment of cracks in the surfaces of rather 
large specimens in which a surface zone 
having a length of 4 to 6 in. was all 
within 95 per cent of the peak stress. In 
these instances we were amazed to find 
there was no such thing as a single 
fatigue crack; in general there were 
hundreds of fatigue cracks. The cracks 
that one sees are often the final develop- 
ment of groups of microscopic voids 
which grow and join together; at a late 
stage these become of visible size and 
frequently many of these (which grow at 
different rates) become visible to the eye 
before fracture. In one instance some 
specimens about 1} in. wide were tested 
with the zone of high stress over a length 
of about 3 in. on the specimen. In these 
cases when the specimen had been cycled 
for about two thirds of its fatigue life, 
one could count as many as 25 to 30 


2? Head, Department of Theoretical and Ap- 
plied Mechanics, University of Illinois, Urbana, 
Ill. 
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separate and distinct visible cracks in 
the surface if careful observational pro- 
cedures were used. 

This brings me to the question—just 
what does one use as a criterion of where 
the fatigue crack starts when the early 
stages of failure consist of dozens of 
cracks in small zones or hundreds of 
cracks in large zones? This question also 
applies to the paper presented by Mr. 
Stulen.* How does one decide exactly 
where “the crack” starts when oftentimes 
a fatigue fracture may consist of many 
cracks, starting in irregularly spaced 
zones, growing at irregular rates with the 
accumulation of ruptured surfaces be- 
coming a rather complex statistical 
problem? 

Mr. Hy_er.—In our work we have not 
attempted specifically to count numbers 
of cracks prior to failure. We have exam- 
ined the specimens after failure and in 
this examination have generally found no 
other cracks on the surface and no more 
than one fatigue nucleus on the fracture 
surface. From this we assume that the 
specimens had only one crack. 

As far as determining the specific start- 
ing point of a fatigue crack on a given 
plane, this is a more difficult question, 
particularly for those cases where failure 

3H. N. Cummings, F. B. Stulen, and W. C. 
Schulte, ‘‘Tentative Fatigue Strength Reduction 
Factors for Silicate-Type Inclusions in High- 
Strength Steels,”’ p. 505, this publication. 
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is associated with an inclusion that has 
some rather finite dimensions. In most 
of our work the region of the residual 
stress diagram where the stress gradient 
was steepest is the region in the specimen 
where failure probably started. However, 
failure could have initiated at the top, 
the bottom, or at any spot along the sides 
of an inclusion in this region. However, 
as Mr. Dolan points out, failure could 
have started at more than one site in the 
vicinity of the inclusion and as the cycle 
life increased these small fissures may 
have coalesced and grown to final frac- 
ture. Perhaps Mr. Stulen has some re- 
marks on this, too. 

Mr. F. B. Stuten.‘—In our work we 
found both situations can exist. It really 
depends on the stress level at which you 
are testing. At low stress levels very close 
to the endurance limit there seem to be 
just a few cracks that start and propagate 
sufficiently rapidly to dictate the frac- 
ture surface. On the other hand, at high 
stresses you find a multiplicity of cracks 
that are forming and joining and eventu- 
ally causing the fracture surface. So I 
think it really depends on the stress level 
that you are dealing with as to whether 
you get a single type nucleus or whether 
you get multiple nuclei in the fractured 
surface. 


4 Assistant Chief Engineer, Curtiss-Wright 


Corp., Caldwell, N. J. 
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EFFECT OF STATIC PRESTRAIN ON THE FATIGUE PROPERTIES 
UNDER UNIFORMLY INCREASING STRESS AMPLITUDE* 


ara » A study was conducted on the effect of short-time and creep prestrain on 
v the fatigue properties of unnotched and notched specimens of alloys 7075-T6 
Vite, and 2024-T4 extruded, 16-25-6 hot-cold-worked, and S-816 solution treated 
and aged. Fatigue properties were determined using a progressive load fatigue 
yity _ test with a single loading rate of 0.01 psi per cycle. The unnotched and notched 
wien specimens were prestrained at test temperature and then immediately sub- 
uheats jected to a fatigue test at the same temperature and in the same testing ma- 
chine. The test temperatures for the short-time prestrain and creep prestrain 
ne respectively were 75 and 300 F for 7075-T6, 300 and 500 F for 2024-T4, 1200 F 
ar ag 16-25-6, and 1500 F for S-816. Short-time prestrains up to 10 per cent were 
applied. Stresses used for the creep prestrains corresponded to those which 
produced rupture in 100 to 200 hr at test temperature. 
The main factors influencing the fatigue failure stress were residual stresses, 
metallurgical reactions, and cracks produced by tensile prestraining. Strain 
hardening and relaxation of residual stress appeared to be of secondary im- 


By F. H. Vitrovec! 


___ portance for the materials and the range of testing variables investigated. 


Uncontrolled permanent strain of a 
structural part due to unidirectional 
loads may occur during manufacture, 
assembly, and service. Such permanent 


erties at room temperature. In this re- 
gard the effect of shot peening and sur- 
face rolling on the fatigue properties 
was most intensively studied. At ele- 


strain, which may occur either locally 
or extend over the entire part, can have 
either detrimental or beneficial effects 
on the mechanical behavior under service 
conditions. 

Earlier studies of the effect of prestrain 
on fatigue properties were primarily 
concerned with the effect of coldwork 
and residual stress on the fatigue prop- 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Department of Mechanics and Materials, 
University of Minnesota, Minneapolis, Minn. 


vated temperatures, the effect of static 
prestrain and the fatigue loads on met- 
allurgical changes become equally im 
portant. The duration of static load ap- 
plication is particularly important at 
elevated temperatures. Thus, short-time 
prestrain may have a different effect on 
the fatigue properties than long time, or 
creep prestrain. 

This study is concerned with the 
effect of short-time and creep prestrain 
on the fatigue properties under uni- 
formly increasing stress amplitude. 
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PRoGRAM AND MATERIALS 


The testing program is shown in 
Table I. The unnotched and the notched 
specimens were prestrained at the indi- 
cated temperature and then immediately 
subjected to a progressive load fatigue 
test (1, 2, 3)? at the same testing tempera- 
ture and in the same testing machine. 
Fatigue tests with uniformly increasing 
alternating stress amplitude were used 


Also indicated in Table I is the stress 
for creep prestrain and the starting 
stress for the fatigue tests for each 
material. 

Two light alloys and two heat-resist- 
ant alloys were used for this investiga- 
tion. The aluminum alloys 2024-T4 and 
7075-T6 were in the form of extruded 
bars. The materials were from the same 
batch as those used in a previous study 


a) Recorder 
Controller 
| 
Program 
Potentiometer ty 
Generator 
~ f (time) 
x e 

H = 


Fic. 1.—Schematic Diagram of Direct Stress Fatigue and Creep Testing Machine with Load 
Programming Device, Furnace with Temperature Controlling System, and Load-Extension, and 


Strain-Time Recording Devices. 


instead of conventional constant stress 
amplitude tests in order to reduce the 
number of tests. This facilitated the 
study of the effect of prestrain over a 
wide range of strain. 

The fatigue tests were performed with 
a single and relatively low rate of stress 
amplitude increase. The failure stress so 
determined is used to indicate the trend 
of the effect of prestrain on the fatigue 
strength.’ 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 568. 

3 This non-standard fatigue testing method 
was previously used by the author to indicate 


of fatigue properties under combined 
alternating and static stress (4). The 
details on fabrication, metallographic 
structure, etc., are given in reference (4). 
The heat-resistant alloys 16-25-6, 
Timken and S-816 were from the same 
heat as those used in a study of fatigue, 
creep, and rupture properties (5). The 
Timken alloy 16-25-6 was “‘hot-cold 
worked” according to Fleischmann (9). 


the stress range in an extensive standard fatigue 
testing program including 9 different alloys 
at room temperature and elevated temperature. 
In these tests the failure stress varied consist- 
ently with the fatigue strength at the correspond- 


ing number of cycles to fracture. : 
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The chemical composition and the 
mechanical properties of all four alloys 
are listed in Table II. 

Two types of cylindrical axial stress 
specimens were used. The unnotched 
specimen (stress concentration, K, = 1) 
had a test section 0.5 in. long and 0.2 
in. in diameter. The notched specimen 
(K, = 3.4) had a minimum diameter of 
0.25 in. The 60-deg notch was machined 
to a depth of 0.062 in. with a notch radius 
of 0.01 in. 

In view of the significance of cold 
working and residual stresses produced 
by machining considerable care was 
taken in specimen preparation. The 
specimen preparation procedure is de- 
scribed in detail in references (5) and (6). 


TESTING EQUIPMENT AND 
TrEst PROCEDURE 


Figure 1 shows a schematic diagram 
of the test setup used in this program. It 
consists of the direct stress testing ma- 
chine, the furnace control and tempera- 
ture recording system, the load program- 
ming and speed control device, the 
load-extension indicating and recording 
system, and the creep recording system. 

The direct stress fatigue and creep 
testing machine is similar to that de- 
scribed in reference (7). The alternating 
force is produced by the eccentric, E. 
The eccentric is driven by a variable 
speed transmission which permits a 
change in speed and hence of the alter- 
nating force. The speed of the eccentric 
is electronically controlled; it is deter- 
mined by the program cam which, for 
the tests of the present program, is 
designed to produce a loading rate of 0.01 
psi per cycle. Attached to the driving 
shaft of the eccentric is a brake actuated 
at fracture of the specimen in order to 
stop the driving mechanism quickly and 
reduce damage of the fracture surface. 

The static load is applied by two 
springs, S. For creep tests the static 
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load is maintained constant by holding a 
constant spring deflection with a control 
device. 

The specimens are heated in a long 
electric resistance furnace with windings 
spaced further apart in the test section 
and closer at the ends, thus maintaining 
uniform temperature over the test sec- 
tion of the specimen. The main tempera- 
ture control is operated by the thermo- 
couple T, which senses the temperature 
in the center of the test section of the 
specimen. 

Since the heating conditions change 
during the test due to creep extension of 
the specimen, material damping, vibra- 
tions, etc., a second controlling device is 
used to maintain a uniform temperature 
distribution along the specimen. This is 
done by two thermocouples, 72 and 7; , 
attached to the specimen grips and so 
connected that no current flows if the 
temperature of both grips is the same. 
If the grips are at different temperatures 
a current results and this, after amplifica- 
tion, is used to drive another variable 
transformer which adjusts the voltage 
across each half of the furnace winding. 

The extensometer is attached to the 
specimen ends and indicates the exten- 
sion of the specimen by means of a differ- 
ential transformer (5). The output of the 
differential transformer is either fed into 
a creep recorder or into an x-y plotter for 
the recording of load-extension diagrams 
of short-time tension tests. The static 
load is indicated by the spring extension 
by means of a second Schaevitz differ- 
ential transformer which is connected to 
the y-scale of the x-y plotter. 

The core of the differential transformer 
is attached to the extensometer by a 
calibrated screw which permits rapid 
calibration of the extensometer at test 
temperature before each test. 

This equipment permits fatigue tests 
to be conducted immediately following 
either short-time static, creep tension, or 
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Fic. 2.—Stress-Strain Curves Recorded During Prestrain of the Alloys 7075-T6, 2024-T4, 16-25-6, 


and S-816. 


compressive prestrain at the test tem- 
perature. This appears to be very impor- 
tant for precipitation-hardening alloys for 
which intermediate cooling may affect 
the mechanical properties. 

The heating period to equilibrium 
conditions was 45 min for the 2024-T4 
aluminum alloy and 1 hr for 16-25-6 
Timken and S-816 alloy. 

Following the heating period, prestrain 


was applied which was immediately 
followed by the fatigue test at the same 
temperature. The time interval between 
the end of prestraining and the fatigue 
test was 15 to 20 min. 

Load extension curves and creep 
curves were recorded during prestraining 
of the unnotched specimens. 

Unnotched specimens were prestrained 
by short-time unidirectional load applica- 
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Fic. 3.—Effect of Short-Time Static Tensile Prestrain on the Fatigue Failure Stress of Unnotched 


Specimens. 


8.8. = Starting Stress, Apparent Stress-Load divided by original cross-section. True Stress-Load 
divided by instantaneous cross-section. Ww 


( 


tion within a range from a few tenths of 
a per cent to strains at ultimate stress. 
The time for “short-time” prestraining 
was from 5 to 10 min. Creep prestrain 
was performed at stresses which would 
have caused fracture within a period of 
100 to 200 hr. 

The fatigue test was started by in- 
creasing the motor speed from zero to 
1800 rpm in approximately 5 sec. The 
uniform (symmetrical) increase of the 
tensile and compressive stress amplitude 
to that of the starting stress is very 
significant in analyzing the effect of 
fatigue stress on residual stresses pro- 
duced by prestraining. From 1800rpm on, 
the controlled speed was further in- 
creased so that an increase in stress 
amplitude of 0.01 psi per cycle resulted. 
The maximum motor speed at fracture 
was approximately 3100 rpm. Frequency 
effects due to variation of the motor 
speed within the indicated range can be 
considered negligible. 

The number of cycles to fracture 
ranged from about 2.5 X 10° to 3.5 X 
10° cycles. 


Errect OF SHORT-TIME PRESTRAIN ON 
THE FATIGUE PROPERTIES OF 
UNNOTCHED SPECIMENS 


Stress-strain diagrams as_ recorded 
during prestrain for the four alloys at 
test temperature are shown in Fig. 2. 
The effect of short-time static prestrain 
on the fatigue failure stress of the four 
alloys is shown in Fig. 3. 

The data for 7075-T6 aluminum alloy 
indicate a significant decrease of fatigue 
failure stress by plastic prestrain at room 
temperature. A reduction of 25 per cent 
occurred at 2 per cent tensile prestrain. A 
similar reduction of failure stress resulted 
from compressive prestrain. 

In order to study the cause of the 
decrease of fatigue strength, several 
small specimens of the 7075-T6 alloy 
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with a cross-section of 0.10 by 0.03 in. 
were prestrained in a micro-tension test- 
ing machine, which is described in ref- 
erence (6), and the deformation was 
observed during straining under the 
microscope. Stressing in the elastic range 
did not cause any observable initiation 
of cracks. However, with the onset of 
plastic deformation very small cracks 
were formed which grew in number and 
size with increasing deformation. Al- 
though the investigation did not furnish 
evidence that the cracks initiate at inclu- 
sions, it is very likely so. 


100 
Per cent Prestrai 
-96 
292 
Zero Prestrain 
288 
x 
84 
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Fic. 4.—Rockwell Hardness B of 7075-T6 
Aluminum Alloy as Function of Number of Cy- 
cles at 22,000 psi Reversed Direct Stress. (Hard- 
ness determined on flat specimen.) 


The microscopic study was extended 
to regular size test specimens in the 
fatigue testing machine. The specimens 
were inspected for cracks after static 
prestrain and after various numbers of 
cycles of fatigue stress. Static prestrain 
caused a similar crack pattern as ob- 
served with the micro-test specimens. 
Fatigue stress caused a growth of those 
cracks that were perpendicular to the 
stress direction. 

Although all evidence points towards 
initiation of cracks by perstrain as a 
cause of the severe reduction of fatigue 
strength, there may be other factors 
superimposed on this effect as empha- 
sized by the fact that similar reductions 
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+4 were found in specimens with compres- 
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ae 
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sive prestrain. One of these may he 
localized continued aging and overaging 
during fatigue stressing, thus creating 
“soft spots” in which fatigue may pro- 
ceed faster. Prestrain may accelerate this 
process and thereby reduce the failure 
stress. 

The Rockwell B hardness of a 7075-T6 
specimen with rectangular cross-section 
was measured periodically during fatigue 
cycling at 22,000 psi constant stress 
amplitude. Another specimen was 2 per 
cent tensile prestrained and then sub- 
jected ta the same fatigue stress. Hard- 
ness of these two specimens is plotted 
versus the number of stress cycles in 
Fig. 4. Here again, the life of the speci- 
men was significantly reduced by the 
prestrain. Both specimens exhibited an 
initial increase in hardness which was 
followed by a significant decrease. This 
trend indicates occurrence of continued 
aging and overaging during fatigue stress. 

The Rockwell B hardness of the 
cylindrical surface of the fractured regu- 
lar specimens was also measured. The 
hardness at 30 days after fracture is 
plotted versus prestrain in Fig. 5. Pre- 
strain apparently accelerated the aging 
process resulting from fatigue stress, 
which results in a decrease of hardness 
with increasing prestrain. 

These observations indicate that both 
effects, cracking during prestrain and 
overaging during fatigue stress, together 
cause the significant decrease of fatigue 
strength due to short-time prestraining. 

The diagrams of Fig. 3 also show the 
effect of short-time tensile prestrain on 
the failure stress of the 2024-T4 
aluminum alloy at 300F. Prestrain 
causes an initial increase in failure stress, 
a maximum at about 0.5 per cent pre- 
strain, and a decrease of failure stress of 
about 10 per cent for prestrains larger 
than 1 per cent. This trend may indicate 


the occurrence of precipitation processes 
influenced by prestrain. The initial in- 
crease may be explained by continued 
precipitation hardening. The decrease in 
failure stress resulting from larger pre- 
strain may be attributed to overaging. 
No cracking during prestrain, as ex- 
hibited by 7075-T4 alloy, could be 
observed with this material. 

Permanent tensile prestrain of the 
16-25-6 Timken alloy at 1200F de- 
creases the fatigue failure stress at first. 
A maximum reduction of approximately 
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Fic. 5.—Effect of Prestrain on Rockwell 
Hardness B of 7075-T6 Aluminum Alloy After 
Prot Fatigue Test and 30 Days Aging at Room 
Temperature. (Hardness determined on fractured 
cylindrical specimen.) 


16 per cent occurs at about 2.7 per cent 
prestrain. Prestrains larger than 2.7 per 
cent cause an increase of the failure 
stress from the minimum to values as 
high as those exhibited by the unstrained 
material. This increase in failure stress 
indicates that the initial decrease is very 
probably caused by metallurgical factors 
and not by initiation of cracks during 
prestrain. The entire trend of the curve 
appears to be caused by reversion from 
age hardening and renewed precipitation, 
similar to that observed in aluminum- 
copper alloys (10). 

Tensile prestrain of the S-816 alloy 
at 1500F increases the fatigue failure 
stress significantly, 
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EFFECT OF PRIOR CREEP ON THE 
FATIGUE PROPERTIES OF 
UNNOTCHED SPECIMENS 


A number of previous studies were 
concerned with the effect of prior creep 
on mechanical properties other than 
fatigue, such as notch impact strength 
(11-14), yield strength, ultimate strength 
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a stress of 52,000 psi causes a significant 
reduction of the failure stress, as shown 
by the diagram of Fig. 6. The trend is 
similar to that observed for short-time 
prestrain at room temperature and is 
probably caused by the same mecha- 
nism, that is, initiation of cracks during 


prestrain and aging effects. 
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Fic. 6.—Effect of Creep Prestrain on the Fatigue Failure Stress of Unnotched Specimens. 


S.S. = Starting stress. 


and ductility (14-16), and retained rupture 
properties (17). In most cases a decrease in 
ductility and strength due to prior 
creep was observed. 

The test temperature of 300F for 
creep prestrain of 7075-T6 was selected 
because the Rockwell B hardness of 
this material was not affected by ex- 
tended exposure to this temperature, 
whereas a significant decrease in hardness 
occurs at 500 F. 

Prior creep of 7075-T6 at 300 F and 


The effect of prior creep on unnotched 
specimens of the 2024-T4 aluminum 
alloy at 300 and 500 F is characterized 
by aging reactions. This was indicated 
by the variation of the DPH-micro- 
hardness (25 gm load) and the Rockwell 
B hardness with unstressed exposure 
time which was identical with the varia- 
tion of the fatigue failure stress. Figure 
6, for data taken at 500 F shows that 
unstressed exposure time at temperature 
and also prior creep at 20,000 psi cause 
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an initial decrease of the failure stress. 
After reaching a minimum in a relatively 
short time the failure stress raises to a 
maximum beyond which it decreases to 
values smaller than the previously ob- 
served minimum. The alloy was solution 
treated and aged at room temperature for 
5 yr. Both, heating at higher temperature 
than the previous aging temperature and 


Apporent Stress for 
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reactions, for example, the minimum 
and the maximum occur at shorter times. 

The 16-25-6 Timken alloy is appar- 
ently little affected by prior creep at 
1200 F and a stress of 45,000 psi within 
the time range investigated (Fig. 6). 
Unstressed time at temperature as well 
as prior creep cause a slight decrease of 
the failure stress with increasing time. 
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Fic. 7.—Schematic Illustration of the Stress Distribution During and After Prestress. 


T.Y.S. = Tensile yield strength. C.Y.S. = Compressive yield strength. 


prior creep cause a reversal of the aging 
process which results in a decrease in 
strength properties (10). Renewed aging 
under the test conditions causes an in- 
crease of the strength properties followed 
by a second decrease in strength which 
is caused by continued aging and over- 
aging. 

Comparison of the effect of unstressed 
aging at 500 F and that of prior creep at 
20,000 psi on the failure stress indicates 
that prior creep accelerates the aging 


No difference between the effect of time 
at temperature and that of prior creep is 
apparent. This indicates that aging reac- 
tions are dominant. It is interesting to 
compare these results with those of short- 
time prestrain (Fig. 3). Short-time pre- 
strain also caused an initial decrease of 
the failure stress; however, a minimum 
occurred after which the failure stress 
increased to original values. A similar 
behavior would probably be observed for 
prior creep at the stress of 45,000 psi if 
ayy 
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the time were extended beyond the 
range investigated. 

Time at temperature up to 100 hr did 
not affect the failure stress of unnotched 
specimens of S-816 alloy at 1500F. 
Prior creep at the same temperature and 
at 26,000 psi caused a slight increase of 
the failure stress, up to a maximum at 
about 100 hr which is followed by a rela- 


strain in the root of the notch exceeds 
the strain at yield stress. The resulting 
stress distribution caused by prestress is 
shown together with the theoretical 
stress distribution for pure elastic strain. 
Residual stresses remain after unloading 
from prestress as a consequence of the 
local plastic strain in the region of maxi- 
mum strain. The residual stress distribu- 
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Fic. 8.—Effect of Short-Time Static Prestress on the Fatigue Failure Stress of Notched Speci- 


mens (K; = 3.4). 
S.S. = Starting stress. 


tively rapid decrease as shown in Fig. 6. 
This trend is obviously caused by aging 
reactions occurring at this temperature, 
resulting from creep. 


EFFECT OF SHORT-TIME PRESTRAIN ON 
THE FATIGUE PROPERTIES OF 
NOTCHED SPECIMENS 


The creation of residual stresses by 
prestressing of notched specimens is 
schematically illustrated in Fig. 7. It 
shows a case in which the maximum 


tion may be obtained approximately 
from the difference between elastic stress 
and actual stress. For case (a) it was 
assumed that the residual stresses are 
smaller than the yield strength. In this 
case the maximum stresses occur only in 
a very small volume and decrease rapidly 
with increasing distance from the sur- 
face. The depth over which the maximum 
residual stresses act increases if the 
residual strains exceed the strain at yield 
stress in the opposite strain direction, 
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see case (b). The depth over which the 
residual stresses act may have a signifi- 


cant effect on the fatigue and relaxation 
behavior of the specimen. 

In the diagram of Fig. 8 failure stress 
of notched specimens (K; = 3.4) is 
plotted versus static nominal prestress 
(force divided by minimum cross-sec- 
tional area). The true prestress at the 
root of the notch can be approximately 
determined as nominal stress times K;, . 
If this stress is smaller than the propor- 
tional limit of the unnotched specimen, 
no effect is observed on the fatigue failure 
stress. ‘Tensile prestress beyond this 
increases the failure stress. At 70,000 
psi nominal tensile prestress an abrupt 
further increase of the failure stress 
occurs, which is followed by a gradual 
increase of failure stress with increasing 
prestress. This increase of fatigue failure 
stress of notched specimens with in- 
creasing tensile prestress is inverse to the 
effect of tensile prestrain on unnotched 
specimens (compare Fig. 3). 

The cause of the increase of the fatigue 
strength of notched specimens by tensile 
prestraining appears to be primarily re- 
sidual compressive stress produced by 
prestraining. Several notched specimens 
were prestressed in compression in order 
to produce residual tensile stress. As 
expected, the failure stress decreases with 
increasing nominal compressive prestress 
as shown in Fig. 8. 

Two specimens were compressively 
prestressed and followed by a tensile 
prestress of the same magnitude. The 
failure stress of these specimens was close 
to that of specimens which were prestres- 
sed in tension only. This indicates not 
only that the weakening effect of com- 
pressive prestress can be removed to a 
large extent by subsequent tensile pre- 
stress, but also shows that the strain 
hardening effects are small as compared 
to those of residual stresses. 
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Notched specimens that were tension 
prestressed to about 100,000 psi nominal 
stress developed cracks along the circum- 
ference of the root of the notch during the 
application of the static load. These 
cracks apparently did not affect the 
failure stress. In some cases a crack was 
produced along the entire circumference 
of the notch by static tensile prestress. 
Due to the residual compressive stress 
acting on the crack, and the sharpness 
of the root of the crack, which restricted 
reversed slip and fatigue in this region, 
fatigue fracture occured along a coarse 
conical surface rather than along the 
transverse section. 

The abrupt change in failure stress at 
70,000 psi is apparently caused by a 
rapid propagation of the region under 
residual compressive stress. Such an 
abrupt propagation of the plastic bound- 
ary has been found by Allen and South- 
well on an analytical basis (18). Their 
theoretical study showed an abrupt 
propagation of the plastic zone in case 
of a sharply notched specimen when 
increasing the nominal stress from 63 to 
64 per cent of the yield strength, and 
similar values for a specimen with a 
semicircular notch. 

The above suggested mechanism is 
also supported by the appearence of the 
fatigue fractures of the specimens pre- 
stressed to various degrees. The speci- 
mens with no prestress show the 
transverse fatigue fracture commonly 
observed. With increasing prestrain the 
surface becomes curved with an increas- 
ing tendency to form a cone. A change in 
the shape of the fracture surface occurs 
at a nominal prestress of 70,000 psi. The 
specimen that was prestressed to 71,500 
psi exhibited a transverse fracture sur- 
face similar to the specimens that were 
not prestrained. With further increased 
prestrain, the fracture surface becomes 
increasingly curved until a perfect cone 
results at a prestress of 97,240 psi. In 
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other words the trend exhibited in the 
prestress range from 0 to 70,000 psi is 
repeating itself for prestresses larger than 
70,000 psi. 

The effect of short-time static tensile 
and compressive prestress at 300 F on 
the failure stress of the notched speci- 
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resulted in the same failure stress. This 
indicates that coaxing effects are appar- 
ently small for this material and the 
particular test conditions. 

Several tests on notched specimens 
were performed to compare the effect 
of residual stresses produced by pre- 


Nominal Yield Stress , psi 


Alloy at Room Temperature. 
N.Y.S. = Nominal yield stress. 

mens of 2024-T4 aluminum alloy at the 
same temperature is also shown in Fig. 8. 
The behavior of this material is similar 
to that of 7075-T6 aluminum alloy. 
However, no abrupt change of the failure 
stress occurs as was observed with 7075- 
T6. Because of the large reduction of the 
failure stress by compressive prestrain, 
the starting stress for 2024-T4 alloy had 
to be lowered from 12,000 to 7000 
psi. Tests with unstrained specimens 
started at the two different stresses 
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Fic. 9.—Comparison of the Effects of Static Mean Stress with Those of Residual Stresses Pro- 
duced by Prestressing of Notched Specimens on the Fatigue Failure Stress | of 7075- -T6 Aluminum 


stressing with that caused by a constant 
static mean stress during a progressive 
load fatigue test. Such “stress range 
diagrams” are shown in Figs. 9 and 10 
together with other curves for the alloys 
7075-T6 and 2024-T4. Both diagrams 
indicate the trends characteristic of those 
observed in the customary constant stress 
amplitude tests. Comparative tests with 
the 7075-T6 alloy showed coincidence 
of the curve of the stress range dia- 
gram resulting from progressive load 
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Nominal Prestress Beyond Nominal Yield Stress , psi 
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Fic. 10.—Comparison of the Effects of Static Mean Stress with Those of Residual Stresses Pro- 
duced by Prestressing of Notched Specimens on the Fatigue Failure Stress of 2024-T4 Aluminum 


Alloy at 300 F. 
N.Y.S. = Nominal yield stress. 


fatigue tests with that from standard 
fatigue tests for 10° cycles to fracture. 
Plotted in the same diagrams are 
curves for failure stress versus initial 
residual stress. The initial residual stress 
is plotted on the nominal stress axis. It 
was approximately determined from the 
difference between the nominal prestress 
and the nominal yield stress. The nomi- 
nal yield stress was considered to be the 
maximum prestress up to which no effect 
of prestress on the fatigue failure stress 
occurs (compare with Fig. 8). 
Comparison of the curves for the 


residual stress and constant mean stress 
indicates that relaxation of the residual 
stress is considerable. The relaxation 
times under the particular test conditions 
are, however, large enough even at 300 F 
in the case of 2024-T4, to cause an effect 
of residual stress on the fatigue behavior. 


EFFECT OF PRIOR CREEP ON THE FATIGUE 
PROPERTIES OF NOTCHED 
SPECIMENS 


Diagrams showing the effect of prior 
tensile creep stress on the fatigue prop- 
erties of notched specimens of the alloys 


| 


| toni Je 
13 
| 
18000 
7075-T6 
| 300 F 
7000 psi SS. 52 000 psi Prior Stress 
15000 
| 
No Prestress wa — 
10000 
a | 2024-T4 
SOO F 
3 porns 20000 psi Prior Stress 
u 
35000 T 
30000 
| 
| 
250004 
| 16-25-6 | 
| \200F 
15200 psi SS. 55000 psi Prior Stress _ 
20000 | | 
0 2 4 6 8 10 20 40 60 80 100 


Time ,hr 


Fic. 11.—Effect of Creep Prestrain on the Fatigue Failure Stress of Notched Specimens (K; = 3.4). 
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_ 7075-T6, 2024-T4, and 16-25-6 are shown 
Fig. 11. 

The alloy 7075-T6 exhibits a signifi- 
cant increase in failure stress caused by 
a prior creep stress of 52,000 psi at 300 F. 
The increase is caused by residual 
stresses which are produced by localized 
yielding under the static load. This local 
plastic deformation occurs during ap- 
plication of creep load, whereas further 
propagation of the plastic boundary 
occurs very slowly with increasing creep 
time. This mechanism results in a rapid 
increase of failure stress at first, and a 
gradual increase of failure stress for 
creep times greater than 3 hr. 

The diagram of Fig. 11 for 2024-T4 
aluminum alloy shows both the effect of 
unstressed aging at 500F and that of 
_ prior creep at 20,000 psi and at 500 F 
on the failure stress of notched speci- 
mens. Both curves indicate the same 
pattern, that is an initial increase, a weak 
maximum at about 2 hr, and a gradual 
decrease of failure stress. 

Although the unnotched specimens of 
the 16-25-6 alloy exhibited a gradual 
decrease of failure stress with increasing 
time of prior creep (Fig. 6) prior creep 
of notched specimens, Fig. 11, caused an 
increase of the failure stress resulting in 
a trend which is similar to that of a 
creep curve. 


SUMMARY AND CONCLUSIONS 


For the several alloys investigated and 
the test procedure employed, the follow- 
ing general conclusions were reached. 
The effect of residual stress on the fatigue 
properties is large as compared to the 
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effects caused by metallurgical reactions 
or strained hardening. 

At temperatures below the range of 
recrystallization, relaxation is slow 
enough for many alloys to permit reten- 
tion of significant residual stresses and 
their effect on the fatigue strength. The 
volume of material in which the critical 
residual stress occurs seems to affect 
significantly the relaxation mechanism 
and thus influences the effect of residual 
stress on fatigue behavior. 

Because of the significant effect of re- 
sidual stresses, the notch sensitivity is 
apparently decreased by tensile prestrain 
and increased by compressive prestrain. 

Strain hardening affects the fatigue 
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Prior deformation may cause reversal 
of precipitation in preaged materials, 
which results in softening and also in a 
decrease in fatigue strength for fatigue 
lives for which renewed aging is still not 
significant. Aging reactions which occur 
during fatigue and which affect fatigue 
properties are accelerated by prestrain. 
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A MECHANISM FOR NONPROPAGATING FATIGUE CRACKS* 
By L. F. Corrin, Jr.! 


SYNOPSIS 


Recent investigations on fatigue of metals have revealed the presence of 
nonpropagating fatigue cracks formed at the base of sharp notches under 
cyclic stress conditions. It has similarly been observed that a sharp notch is 
more severe a stress raiser in fatigue than a fatigue crack. A mechanism is pro- 
posed to explain these observations whereby the stress and strain in the 
base of the notch are fully reversed under the action of an external cyclic 
load but where for a crack, full reversal does not occur because of closure of 
the crack and reduction of the accompanying stress concentrating effects. 
The cyclic plastic strain, rather than stress, is used to compare conditions 
in notches and cracks. The mechanism predicts properly the effect of a super- 
imposed mean stress on the propagation or nonpropagation of fatigue cracks 


in notched bars. 


One of the interesting observations 
reported in the study of fatigue phenom- 
ena is that fatigue cracks formed under 
certain conditions of stress and geometry 
will not propagate. Fenner, Owen, and 
Phillips (1)? in 1951 discovered the exist- 
ence of nonpropagating fatigue cracks in 
V-notch specimens of 0.1 per cent carbon 
mild steel. When the notch was of the 
order of 0.2 in. deep, with a 55 deg 
included angle and a root radius of 0.002 
in., a nominal stress endurance limit 
of 8960 psi was obtained. However, test 
specimens run at stress levels of from 
3800 psi to 4500 psi in all cases developed 
cracks at the root of the notch which did 
not propagate. 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 Mechanical Engineer, Metallurgy and 
Ceramics Research Department, General Elec- 
tric Research Laboratory, Schenectady, N. Y. 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
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Frost (2) found that nonpropagating 
fatigue cracks occurred in reversed 
direct stress tests on an aluminum alloy 
of similar dimensions as those referred to 
above, in the range of from 2250 psi to 
5600 psi alternating stress. In addition, 
several test specimens were run at 4450 
psi for various numbers of cycles of 
stress. It was found that cracks ap- 
peared very early in the course of the 
cycling process and progressed to some 
depth but would not progress further. 
Figure 1 shows these results. It is evident 
from these observations that the fatigue 
crack is formed very quickly and then 
lies dormant. Frost found that the depth 
of propagation of the crack coincided 
with the position in the notch where the 
theoretically computed elastic stress 
(neglecting the crack stress concentra- 
tion effect) equaled the fatigue limit of 
the material. 

A corollary to the above observation 
is the fact that materials containing 
fatigue cracks produced by prior stress 
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cycling have a greater resistance to sub- 
sequent cyclic stress than those contain- 
ing sharp notches (3). In summarizing 
some work of Frost, Phillips (4) reported 
that for three materials (0.15 per cent 
carbon steel, a nickel-chromium steel, 
and an aluminum alloy) a notch root 
radius existed that would produce a 
minimum in the fatigue strength (the 
nominal stress to produce failure in 30 X 
10° cycles). This critical radius appears 
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8 8 


Crack Depth, in. 


2x10® 4x10® 
Cycles of Alternating Stress 


Fic. 1.—Course of Non-Propagating Fatigue 
Crack in Aluminum Alloy—After Frost (2). 


TABLE I.—FATIGUE STRENGTH FOR 
VARIOUS MATERIALS AND STRESS 
RAISERS. 


Stress for 50 X 108 
cycles, psi 


ca Type of Specimen 
Mild 
Steel 


Nickel- 
Chro- 
mium 

Steel 


Alumi- 
num 
Alloy 


31 40081 800/22 000 
55 deg V notch 0.2 in. 
deep, 0.002 in. radius... 
Crack (from prior stress 
cycling of unnotched 
12 320/29 100 13 450 


8 750/10 100) 5 600 


to be around 0.0055 in. while above and 
below this radius the fatigue strength is 
greater. Table I shows the comparative 
results obtained for these three materials 
on an unnotched bar, a bar with a 55 deg 
V notch having a 0.002 in. root radius, 
and bars containing fatigue cracks which 
have been produced from prior fatigue 
testing of unnotched bars. 
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fatigue cracks has aroused much discus- 
sion and a variety of mechanisms have 
been proposed to explain it. However, 
none of these explanations appear to the 
author to be entirely satisfactory. There 
is, however, a rather straight-forward 
explanation, described herein, which fits 
the observed facts. 


AN EXPLANATION OF NONPROPAGATING 
FATIGUE CRACKS 


In order to explain the occurrence of 
nonpropagating fatigue cracks, it is first 
necessary to consider the behavior of two 
stress quantities: (1) the stress to start a 
crack at the root of a notch and (2) the 
stress to propagate a crack in the region 


Nominal Stress 


Radius of Notch 


Fic. 2.—Variation of Nominal Stress with 
Notch Radius. 


beyond the point where the notch geom- 
etry has any influence on the state of 
stress (designated 1 and 2 in Fig. 2). 
These two stress quantities are nominal 
stresses (load divided by original cross- 


sectional area) and are considered as 


separate functions of the initial notch 
radius. In Fig. 2, the behavior of these 
two stress quantities versus the notch 
radius is shown. Note that the stress (1) 
is shown to increase with notch radius. 
This is because with increasing notch 
radius the elastically calculated stress is 
reduced at the notch root. On the other 
hand, the stress (2) decreases with radius. 
Since nominal stresses are used rather 


The phenomenon of nonpropagating than actual stresses, by the time the 
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crack is beyond the influence of the 
highly stressed region produced by the 
notch geometry, the actual stress is 
above the nominally computed stress by 
the ratio of original area to actual area. 
Under the assumption that the notch 
radius is the only variable being changed, 
as it is decreased, the crack must grow to 
a relatively smaller percentage of the 
over-all cross-section before it propagates 
without the influence of the notch. 


Correspondingly then, the nominal 
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Fic. 3.—Stress-Strain Behavior at Notch 
Root. 


stress decreases as the notch root radius 
increases. If the notch is very shallow, or 
the plate or bar very large, the stress (2) 
is a very flat function of the radius. 

In the representation given in Fig. 2, 
if curves (1) and (2) cross, then it is seen 
that below a certain notch root radius 
cracks will be formed which will not 
propagate. As yet no explanation has 
been given as to why these curves should 
cross and this remains to be done. The 
following argument can be used. Con- 
sider first a very sharp notch which (a) 
has not yet produced a fatigue crack, 
and (6) has developed a crack which has 
advanced beyond the influence of the 
stresses caused by the notch geometry. 
For both cases it is necessary to consider 
the state of stress and strain existing in 
the region where the crack will appear 
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as in case (a), or where the next incre- 
ment of crack will occur, as in case (0). 
Case (a).—The stress-strain behavior 
in the highly stressed region of case (a) 
is demonstrated in Fig. 3. One may then 
trace through the above curve as follows: 
starting at point 0 a tensile stress is 
applied which produces an elastic and 
then plastic strain to reach point J. This 
plastic behavior occurs only in the small 
region around the notch root; elsewhere 
the material is elastic. Removal of the 
applied load causes the local stress first 
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Fic. 4.—Stress-Strain Behavior Beyond Notch 
Root. 


to decrease to point 2 and then to go into 
compression, reaching some point 3 when 
the load is fully released. It is assumed 
here that the large area of elastic material 
will return the strain in the plastic 
region to zero, resulting in a residual 
compressive stress. The application of an 
external compressive load results in a 
continuation of the hysteresis loop pro- 
ducing a compressive strain and further 
compressive stress to point 4. Unloading 
returns the strain to zero again and the 
stress to a tensile value at 5. Further 
cycling of the external load between 
tension and compression then leads to a 
cyclic strain between point 6 in tension 
and point 4 in compression until a fatigue 
crack develops. The mechanism whereby 
the fatigue crack occurs is not known; 
however it is known that the number of 
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cycles to produce failure by fatigue 
varies inversely with the magnitude of 
the cyclic plastic strain (5). 

Case (b)—We now consider the 
stress-strain behavior when the crack 
has progressed through the region of the 
notch to that part of the specimen unin- 
fluenced by the original geometry (Fig. 
4). First application of a tensile load 
produced the curve 0-1’ as before. Here 
the strain developed at point J’ is some- 
what greater than at point J in the 
previous example, but since the sharp- 
ness of the notch, in case (a), is assumed 
to approach that of the crack, in case (0), 
the difference in strain is assumed to be 
relatively small. Release of the load 
results in the curve /’-2’-3’, following 
the same argument as above. However, 
with application of an external com- 
pressive load, the situation is now quite 
different. This is because the crack is 
now closed up completely when the 
strain returns to its zero value. Thus the 
crack can now transmit a compressive 
stress, but without the stress concentrat- 
ing effects of case (a). Hence the stress- 
strain curve in the plastic region ahead 
of the crack due to the applied com- 
pressive load is given by curve 3’-4’. 
There is no plastic behavior accompany- 
ing this application of load because the 
stress concentration effects have been 
removed by the closing of the crack. 
Thus, when the compressive load is 
returned to zero, the strain returns to 3’. 
A subsequent tensile load results in a 
stress-strain curve going to point 5’, and 
continued cycling establishes the hys- 
teresis loop 5’-3’-4’-3’-5’. 

Comparing now the amount of cyclic 
plastic strain which is produced in the 
hysteresis loops of case (a) and case (d), 
if the strains at / and at J’ are of the 
same magnitude, then the plastic strain 
range for the notch is greater than that 
for the crack, and consequently causes a 
lower eed to fatigue. Under these 
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circumstances, a value for external cyclic 
stress can be found where a crack starts 
and grows in the region of the notch but 
will stop after progressing beyond the 
influence of the notch. On the other 
hand, if (€1)p is greater than 2 X 
(€o-1)p, that is, where the notch plastic 
strain is low in relation to the plastic 
strain at the tip of the crack, the crack 
will continue to propagate at the same 
rate as it did within the region influ- 
enced by the notch. 


Cracks (pc) 


Compressive Steady Stress 
Non- propagating Cracks (npc) 
AE Zero Steady Stress 
npc 
~ pc 

Tensile Steady Stress 


Fic. 5.—Effect of Mean Stress on Non-Prop- 
agating Fatigue Cracks—After Frost and Dug- 
dale (7). 


Nominal Alternating Stress 


Theoretical Notch Stress Concentration Factor 


The argument presented here to 
explain nonpropagating fatigue cracks is 
that when the crack which has formed at 
the notch root grows sufficiently deep, 
the crack can close during external 
compression without producing a stress 
concentrating effect. It must be necessary 
for the crack to have advanced suffi- 
ciently far to be out of the influence of the 
notch where a stress concentration can 
occur in compression. Thus, nonpropa- 
gating cracks should grow as far as the 
edge of the locally stressed region around 
the notch, but no farther. This conforms 
with the observations above. 

Recent test results of Frost and 
Dugdale (7) are of interest in the present 
discussion. They investigated the effect 
of superimposed static stress on the 
propagation of fatigue cracks in notched 
bars. It is observed that with increasing 
steady tension superimposed upon the 
cyclic stress, nonpropagating cracks are 
observed only if the notch is made 
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increasingly sharp (the notch radius is 
less). On the other hand, in the presence 
of a superimposed steady compressive 
stress, nonpropagating cracks are found 
for notches that are less sharp than in 
the case where no mean stress is present. 
This can be represented in Fig. 5 where 
the theoretical notch stress concentration 
factor is plotted as the abscissa and the 
nominal alternating stress is plotted as 
the ordinate. The dashed line represents 
the boundary between the _ regions 
where no cracks are formed and the 
region where the cracks, either of the 
propagating or nonpropagating type 
occur. The theoretical stress concentra- 
tion factor here is determined on the 
basis of elasticity theory. The region 
where cracks do occur is further sub- 
divided into two sections, namely, where 
they do not propagate (npc), and where 
they do (pc). The point of particular 
interest here is that in the presence of a 
mean or steady compressive stress, the 
boundary between propagating and non- 
propagating cracks is raised so as to 
require a large cyclic stress before the 
cracks that are found will propagate. On 
the other hand, when a mean tensile 
stress is present, the boundary is lowered 
below that for a zero mean stress, such 
that it becomes relatively easy for cracks 
to propagate, once formed. When a 
given alternating stress is applied, 
cracks will apparently occur, by the 
above representation, if a notch of some 
critical radius is present. The super- 
position of a steady stress increases or 
decreases the likelihood that the crack 
will propagate depending on whether the 
superimposed steady stress is tension or 
compression. 

It is of interest to interpret these 
results in the light of the mechanism 
presented here, namely, that nonpropa- 
gating cracks are due to the ability of the 
crack to transmit compression without 
stress concentration. First it seems 
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reasonable to assume that the presence 
of a mean stress would not affect the 
conditions necessary to initiate a crack 
in the notch since the cyclic plastic 
strain would not be altered significantly. 
The effect of a mean compressive stress 
is such as to keep the crack closed over a 
greater portion of the cycle. The magni- 
tude of the cyclic plastic strain is thus 
reduced because of the decrease in the 
stress and strain concentrating effects of 
the closed crack during cycling. On the 
other hand, the effect of a mean tensile 
stress is to open up the crack during a 
greater portion of the cycle, to increase 
the magnitude of the cyclic plastic 
strain, and to extend the fatigue crack. 
Thus, there appears to be good qualita- 
tive agreement between the most recent 
results of Phillips and the mechanism 
proposed here for explaining nonpropa- 
gating fatigue cracks. ly 
DISCUSSION 
In the light of the above reported 
observations and the mechanism pro- 
posed to explain these observations, it 
might be interesting to speculate as to 
the effect that residual stresses play on 
the fatigue resistance of materials. First, 
it is well known that fatigue is a highly 
selective, surface sensitive property. 
Thus, the nature of the surface, including 
its method of preparation, its roughness, 
and the environment to which it is 
exposed, are significant contributing 
factors in determining fatigue life. It is 
well known that fatigue cracks start at 
surfaces (6) except under unusual situa- 
tions where the stress state is such as to 
produce the maximum shearing stress 
well beneath the surface, as in rolling 
contact. At the surface, the formation of 
cracks is highly selective, and even the 
smallest defect can act as a source for 
crack initiation. It is not unreasonable to 
assume that these defects may not be 
unlike the sharp notches discussed above 
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As in the above discussion, some of these 
defects may lead to propagating fatigue 
cracks, whereas others will produce non- 
propagating cracks. This suggests, then, 
that the steady stresses that are acting 
in the material, whether they are pro- 
duced by internal or external means, 
will have the principal effect of causing 
cracks already formed at defects to 
propagate or not, depending upon the 
magnitude and the sign of these stresses. 

From the above point of view, the 
effect of a surface residual stress, for 
example, is not to prevent the occurrence 
of fatigue cracks but rather to alter the 
conditions which cause these fatigue 
cracks to propagate. It would then be 
expected that surfaces that are extremely 
smooth and have comparatively few 
defects will be quite insensitive to the 
effects of residual stress, unless any 
tensile stress is completely obliterated 
by a very high residual compressive 
stress. On the other hand, surfaces that 
are comparatively rough would be 
highly susceptible to the effect of residual 
stress, since a large spectrum of defects 
would exist. The presence of a surface 
compressive residual stress would pre- 
vent the propagation of many of the 
cracks which might have occurred 
otherwise, while a surface tensile residual 
stress will enhance the propagation of 
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these cracks, 
formed. 

The depth of the residual stress layer 
is also of significance. When the surface 
is very rough, the effective or highly 
stressed region ahead of the notches 
produced by these rough surfaces may be 
quite deep, and the presence of the com- 
pressive residual stress may not be 
beneficial if the depth of this layer is less 
than the effective depth of the notch. 
From the point of view taken here, then, 
it would seem that not only are the 
magnitude and sign of the residual stress 
important factors, but of equal impor- 
tance is the depth of the residual stress 
layer. 

From the reasoning given above, it 
would seem possible by the proper selec- 
tion of the magnitude and depth of the 
residual stress layer to achieve the same 
fatigue strength for a rough, poor- 
quality surface as it would for a surface 
with the best polished finish. By intro- 
ducing a residual stress layer at the 
surface, a barrier is introduced to inhibit 
the propagation of fatigue cracks formed 
by surface defects. Provided this barrier 
is of sufficient depth and magnitude, the 
externally applied stress required to 
cause the crack to break through this 
barrier would be the same regardless of 
the initial surface conditions. This point 
should be verified experimentally. 
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A FATIGUE FAILURE HYPOTHESIS BASED UPON STABILIZED . 
UNIDIRECTIONAL SLIP* 


By D. G. YOuNGER, 


SYNOPSIS 


bs The total slip process taking place during the cyclic stressing of metals is 
viewed to be that of a to-and-fro deformation superimposed upon a unidi- : 
-_ tectional deformation. The manifestation of these deformations, however, is 4 
not necessarily macroscopic in character. They are microscopic in origin and, 
jn general, may only be revealed through powerful magnification as a slip 
phenomenon within the microstructure. From the evidence presented, the uni- 


__ directional slip process is known to cease very early in the fatigue life, but not in 
a until after considerable fragmentation and disorientation of the grains has 
aa produced a stabilized pattern of striations. The alternating slip, on the other 7 
-_* hand, continues throughout the fatigue life, intensifying the striations until ral 
3 cracks are developed and propagated to failure. This two-fold slip phenomenon yeh 
<i forms the basis of a failure hypothesis in which the early stabilization of uni- eC 
. directional slip is considered to play a major role. Recent observations in con- a. 
junction with historical studies are shown to lend support to the failure mech- : 


anism proposed. A test of the hypothesis using direct stress S-N data for a yal 
number of ferrous and nonferrous alloys shows very good correlation. hl 
at 


In recent years the mechanism pro- 
ducing fatigue failure has been suffi- 
ciently clarified to indicate that fatigue 
strength determinations and lifetime pre- 
dictions cannot be based on static ma- 
terial properties. This of course, has been 
received with some reluctance since the 
advantages of establishing such, a simple 
relationship could hardly be overesti- 
mated. With the hope that some rela- 
tively simple relationship may still be 
found, attention has now focused on the 
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1Senior Research Engineer, Space Tech- 
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tures Engineer, Missile Division of North 
American Aviation, Inc., Downey, Calif. 


dynamic material properties as a measure 
of fatigue. 

The purpose of this paper is to review 
briefly the findings presented by a num- 
ber of investigators and to attempt to 
integrate these into a fatigue failure hy- 
pothesis. The studies considered most 
relevant are those which have directed 
attention to the deformations attendant 
to cyclic stressing. Particular emphasis is 
placed on those findings which have indi- 
cated the existence of a stabilized level of 
unidirectional slip. 


STATEMENT OF THE HYPOTHESIS it 


The evidence that has slowly unfolded 
during the past century supports the con- 
tention that considerable unidirectional 


576 


af 


| : YOUNGER ON FATIGUE FAILURE HYPOTHESIS 


slip takes place during the early stage of 
cyclic stressing of metals. This unidirec- 
tional slip process produces severe crystal 
disorientations, fragmentations, and stri- 
ations that form into a stabilized pattern 
early in the fatigue life. The end result 
of this phenomenon is very similar in na- 
ture to the stabilized yielding condition 
observed macroscopically? on a number 
of metals by several investigators (1,2,3, 
4,5).2> In general, however, the yielding 
(or unidirectional slip) process is micro- 
scopic in origin and it does not neces- 
sarily reveal its presence, for all metals, 
at the macroscopic level of observation, 
The degree to which microscopic proc- 
esses are reflected onto macroscopic 
readings is dependent to a large extent 
on the strain-hardening characteristics of 
the metal studied. 

The mild steels examined at the turn 
of the century by Bairstow (1), and more 
recently by Lidstrom and Lazan (4) 
showed uninhibited straining character- 
istics. That is, the microscopic yielding 
mechanism was not obscured from mac- 
roscopic observation by the strain-hard- 
ening phenomena. Mild steels of this 
type have often been referred to as 
“strain-softening metals,” since they 
display a decreasing dynamic modulus* 
during the early stages of fatigue life be- 
fore the stable condition is reached. 

When these materials undergo cyclic 
axial stress, a saturation level of uni- 
directional slip is found which exhibits 
the characteristic of being a single-valued 
function of the maximum stress. The 
locus of stress levels versus saturation 

2 Macroscopic behavior and phenomenologi- 
cal behavior are considered as phenomena that 
can be observed by large-scale or extensometer- 
type measurements. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 593. 

4The term “dynamic medulus” has found 
extensive use in the work of Lazan and associ- 
ates. This term is synonymous with the ‘cyclic 


secant modulus.”’ It is defined as the slope of the 
diagonal line of the stress-strain hysteresis loop. 


strains is referred to here as the “sta- 
bilized locus curve.” This saturation phe- 
nomenon is viewed to be commonplace 
for all metals at the microstructural 
level, and it is with this viewpoint in 
mind that the following statement of the 
hypothesis is advanced: 

During the cyclic stressing of ductile 
polycrystalline metals a locus of stress 
levels versus saturated unidirectional de- 
formations exists. The points forming the 
locus are single-valued functions of the 
maximum stress. The cyclic life for a 
given range of stress is uniquely deter- 
mined by the corresponding range of 
stabilized deformation as measured from 
the locus. 

A corollary to this hypothesis is: Any 
ductile polycrystalline metal will exhibit 
equal cyclic life for equal ranges of 
stabilized deformation as measured from 
the locus. 


DETAILED EVIDENCE SUPPORTING 
STABILIZED Locus CURVE 


THE 


Observations by Bauschinger and Bair- 
slow: 


About a century ago strain as well as 
stress during fatigue began to be studied 
in detail. It was then that Bauschinger 
(6) realized the need of obtaining more 
information in fatigue studies than 
merely the number of cycles to fracture. 
He demonstrated that the statically de- 
termined limits of proportionality can be 
greatly modified by certain cyclical vari- 
ations in stress. This phenomenon is now 
well known as the “Bauschinger effect.” 
For completely reversed stress, Bausch- 
inger found that the limits of propor- 
tionality adjusted to stabilized mag- 
nitudes and constituted a fixed range 
between the tensile and compressive 
limits. He then presented a theory that 
this stabilized range of stress could be 
indefinitely endured. For completely re- 
versed stress, Bauschinger called the 
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upper limit of this “safe” range the 
“natural elastic limit.” 

The general truth of Bauschinger’s 
theory was demonstrated some thirty 
years later by the classical experiments 
of Bairstow (1) made at the National 
Physical Laboratory. Using an axle steel, 
Swedish iron, and a Bessemer steel, Bair- 
stow made a very comprehensive study of 
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Fic. 1.—Unidirectional Strains Observed Dur- 
ing Cyclic Stressing. 


the hysteresis loops and permanent set 
commonly found to exist during cyclic 
loadings. His experiments are well known 
and have been discussed in much of the 
present-day literature. However, it is 
doubtful if the full significance of these 
early observations have been realized. 
The general observations made by 
Bairstow are depicted in Fig. 1. Also in- 
cluded in this figure are the findings of 
other experimenters to be discussed later. 
For purposes of illustration, the “static 
curve” in the figure can be assumed to 
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be that obtained by Bairstow in an or- 
dinary static tension test. Under a re- 
peated axial stress equal to, say OB, the 
first cycle did not show a measurable 
yielding of the test specimen, but re- 
peated application of this stress produced 
considerable yielding. After a relatively 
small number of cycles the deformation 
at the maximum stress level had moved 
to some position, B’. At this point the 
yielding ceased, and thousands of addi- 
tional cycles failed to extend the uni- 
directional deformation. 

In a similar manner the yielding repre- 
sented by AA’ and DD’ were obtained 
by repetitions of stress OA and OD, re- 
spectively. For the repeated stress OP 
there was no yielding of the specimen. In 
fact, the stress level P was considered 
by Bairstow to represent Bauschinger’s 
natural elastic limit. In other words, the 
stress range OP was found to be one half 
the safe range of stress for cycles of com- 
pletely reversed stress. 

Bairstow found that the stabilized 
points PA’B’D’ seemed to join smoothly 
with the static curve as shown in the 
figure. He expressed the opinion that ex- 
tensions such as BB’ would probably be 
caused even by an alternating stress 
which would not produce final failure. 
The region between the static curve and 
the stabilized locus curve OPA’B’D’ ap- 
peared, therefore, to be one which could 
be explored only by cyclic stressing. A 
single application of stress, as in a static 
test, could give no information about this 
region. 


Observations by Lidstrom and Lazan: 


Recently, Lidstrom and Lazan (4) per- 
formed experiments that have shed addi- 
tional light on the progress of macro- 
scopic deformations in strain-softening 
metals. In some respects their measure- 
ments on a mild steel paralleled rather 
closely those made by Bairstow. How- 
ever, these more recent studies employed 
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completely reversed stresses rather than 
repeated stresses. Lidstrom and Lazan 
directed attention to those maximum 
stress levels which were both near, and 
considerably above, the reversed stress- 
endurance limit. They, too, placed em- 
phasis on the existence of a stabilized 
locus curve relating maximum stress and 
deformation during axial loading. 

Figure 1 can be used in discussing their 
findings on the 1020 steel which are 
deemed applicable to this paper. Al- 
though the “static curve” shown is not 
representative of that found for the mild 
steel, it will suffice as the starting line 
for indicating the cyclical yielding phe- 
nomenon. When a typical axial stress OA 
above the endurance limit was com- 
pletely reversed for 10° cycles, the yield- 
ing of the test specimen reached the point 
A’ in both tension and compression as 
indicated. Then the test specimen was 
subjected to a very severe stress history. 
This envolved the application of a num- 
ber of cycles having decreasing stress 
amplitude followed by cycles of increas- 
ing stress amplitude. After this inter- 
mediate loading procedure, the original 
stress level, A, was reached once more. 
Finally, at the original stress level a total 
of 104 cycles was accumulated on the test 
specimen. It was noted that no signifi- 
cant yielding beyond A’ had occurred 
even though an additional 9000 cycles 
had been applied. 

Using separate test specimens, the 
same procedure of loading was applied at 
a number of other initial stress levels. 
The findings were unchanged. The uni- 
directional slip process had apparently 
_ stabilized during the first 1000 cycles and 
no additional yielding at the maximum 
stress level could be developed during 
the next 9000 cycles. A line joining the 
stabilized points formed a smooth curve, 
of the type PA’B’D’, and essentially re- 
“confirmed the findings of Bairstow dis- 
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cussed above. It is also significant to note 
that Lidstrom and Lazan found no yield- 
ing at the stress level represented by P, 
and for the axial loading the reversed 
stress P was found to be the endurance 
limit for the mild steel. The similarity of 
this ‘‘safe” stress with Bauschinger’s nat- 
ural elastic limit is of major interest. 


Observations by Kawamoto and Nishioka: 


The cyclic stress experiments per- 
formed by Kawamoto and Nishioka (7) 
on a mild steel, a high-carbon steel, and 
a spring steel are very significant. They 
have not only added more evidence in 
support of the stabilized locus curve, but 
also have added another important find- 
ing. Their tests were performed in tor- 
sion, thus introducing a stress gradient 
effect; however, the deformations ob- 
served are similar in nature to those 
noted in the direct stress tests. The Jap- 
anese investigators found that the same 
locus curve was established by the stabil- 
ized yielding phenomenon regardless of 
the mean stress. They used both repeated 
stresses and alternating stresses of high 
mean stress, and the same locus curve 
was produced. The essentials of their 
findings are shown in Fig. 1. The yield- 
ing, DD’, at the maximum stress was 
found to be the same whether the stress 
cycle on the specimen was repeated be- 
tween O and D or alternated between C 
and D. In either case, the yielding was 
found to stabilize at D’ early in the 
fatigue life. The two ranges of stress, 
OD and CD, were found to produce 
radically different fatigue lives even 
though the same amount of yielding at 
the maximum stress level had been ex- 
perienced. This means that the magni- 
tude of the yielding at the maximum 
stress is a function only of that stress 
level and is unaffected by the range of 
stress and the eventual fatigue life. 


: 
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Observations Concerning the Dynamic Pro- 
portional Limi!: 


The term “dynamic proportional 
limit” has been defined and studied on 
the phenomenological scale by a number 
of investigators. In Fig. 1, the stress 
level corresponding to the prevailing 
definition of the dynamic proportional 
limit is P. The experiments by Gough 
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(8), Smith and Wedgwood (3), Lazan and 
Wu (9), and Demer (10) have shown that 
the dynamic proportional limit provides 
a good approximation to the fatigue en- 
durance limit for reversed stress and lies 
well within the fatigue scatter band for 
many metals. 

There are other metals, however, that 
do not exhibit, on the phenomenological 
scale, this correlation between the dy- 
namic proportional limit and the en- 
durance limit. The light alloys, for 


instance, studied by Demer (10) and Bla- 


therwick and Lazan (5), show no correla- 
tion of this type. These metals severely 
strain-harden, and the true dynamic pro- 
portional limit is obscured from macro- 
scopic observation. Only a pseudo limit. 
of proportionality is observed, and this 
is usually found to be considerably higher 
in stress than the endurance limit. For 
some metals then, the true dynamic pro- 
portional limit represented by P in Fig. 
1 may be revealed only through powerful 
magnification of the internal slip proc- 
esses. 


DETAILED EVIDENCE SUPPORTING THE 
FAILURE HyporuHeEsIs 


The deformation studies made by the 
investigators mentioned earlier, as well 
as those by the author (11), during cyclic 
loading of metals have prompted the 
formulation of the hypothesis stated at 
the beginning of this paper. To facilitate 
a discussion of the failure mechanism in- 
herent in the hypothesis, consider the 
first diagram in Fig. 2. The upper curve 
represents a typical virgin stress-strain 
curve which should be considered as 
nothing more than a static relationship. 
The lower curve, on the other hand, is a 
locus curve of dynamically stabilized uni- 
directional slip. The shape of this curve 
cannot be duplicated by any known 
means of unidirectional loading as in the 
static test. It is not a curve segment of a 
hysteresis loop. In general, this locus 
curve can only be found by the loading 
procedures discussed earlier in conjunc- 
tion with Fig. 1. The locus curve shown 
in Fig. 2 represents the locus of maxi- 
mum stresses and stabilized slips theo- 
rized to exist at the microstructural level 
for all ductile polycrystalline metals. 
However, as an expedient to this dis- 
cussion, the curves selected for this figure 
are typical of those found on the phe- 
nomenological scale by the investigators 
mentioned earlier. 
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Deformations During Alternating Stress: 


The combined findings of Bairstow, 
Lidstrom and Lazan, and Kawamoto and 
Nishioka, discussed previously, have 
shown the locus of stabilized deforma- 
tions to be a function only of the superior 
(maximum) stress and not the range of 
stress. Therefore, if the stress range from 
A to B, in Fig. 2, is selected for con- 
venience to be a range for cyclic stress- 
ing, then the strain at the superior stress, 
A, will translate through unidirectional 
slip to the stabilized position A’. Simul- 
taneously, the strain at point B will move 
through position B’ and on to some posi- 
tion B”. The strain at the minimum 
stress level, B, does not stop at the locus 
curve position, B’, because the elastic un- 
loading from the maximum stress forces 
the lower point to continue on to B”. 
The over-all movement of A to A’ and 
B to B” is the result of a unidirectional 
deformation occurring during the to-and- 
fro deformation. After A’ and B” have 
been reached, the cycling continues be- 
tween these points during the greater 
part of the fatigue life until failure. 


The Damage Process: 


The findings of Kawamoto and 
Nishioka showed that ranges of stress 
having a common maximum stress would 
develop the same amount of yielding at 
the maximum stress level. This, of course, 
emphasized that the yielding at the maxi- 
mum stress is a function only of that 
stress level and is unaffected by the mag- 
nitude of the minimum stress. Evidently 
this phenomenon adds considerable light 
to the mechanism contributing to fatigue 


failure. If the magnitude of the yielding ° 


occurring at the maximum stress is in- 
dependent of the range of stress, it must 
also be independent of the severity of the 
damage process. Conversely, the damage 
process must be independent of the 
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yielding taking place at the maximum 
stress. 

The existence of such a nondamaging 
slip mechanism was indicated some years 
ago by the metallographic observations 
of Gough and Hanson (2) and more re- 
cently by Hunter and Fricke (12). The 
latter authors associated the initial slip 
process with a decrease of high internal 
energy culminating in a state of equilib- 
rium. As a result of these findings, the 
yielding that takes place at any stress 
level in passing from the static state 
(static curve) to the stabilized state 
(locus curve) is considered to have little 
or no effect on the fatigue life. 

Once the yielding at the maximum 
stress level has ceased, the two real con- 
tributors to fatigue damage can be 
brought into focus. One of these is the 
cyclical permanent set.’ During repeti- 
tions of the unloading half of the cycle, 
a system of residual stresses is developed 
which introduces a cyclical permanent 
set in the material. The magnitude of 
this set is a function of both the maxi- 
mum stress and the range of stress. For 
example, as shown in Fig. 1, repeated 
stressing between either O and B or O 
and D produces not only the yielding at 
the maximum stress but also the cyclical 
permanent sets OX and OX’, respec- 
tively. In Fig. 2, the cyclical permanent 
set developed in cycling between stress 
levels A and B is labeled ey. On the 
microstructural level, the permanent set 
has been shown to be accompanied by a 
disorientation of the crystals, and a 
stabilized pattern of striations (13,14, 
15,16) is developed. 

The second mechanism producing 
damage is that of the alternating strain 
taking place between the two stress levels. 


5 The cyclical permanent set is defined as the 
irrecoverable strain measured between the 
stabilized locus curve and the lower extreme of 
the dynamic modulus. 
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The alternating strain is a damage proc- 
ess that continues on to failure after all 
other strains of a unidirectional nature 
have ceased. In Fig 2, €4 represents the 
magnitude of the alternating strain 
taking place between stress levels A 
and B. Wood (16) has referred to this 
type of straining as a pure fatigue 
process where elementary translations 
through relatively few lattice spacings 
are intensifying. The crucial feature 
of pure fatigue is that it proceeds 
to intensify those striations that were 
previously developed during the unidi- 
rectional slip process. The summation of 
these two straining processes (unidirec- 
tional plus alternating) is shown in the 
figure to be er . This constitutes the total 
strain mechanism affecting the fatigue 


life. 


Deformations During Reversed Siress Near 
the Endurance Limit: 

Now consider cycling between stress 
levels C and D. This constitutes a com- 
plete reversal of stress. As shown in Fig. 
2, no unidirectional slip movement at C 
and D would be experienced. These 
particular points lie on the stabilized 
locus curve at the outset. In fact, cycling 
between C and D would be expected to 
show a very long, if not indefinite, cycli- 
cal life since these points correspond to 
the dynamic proportional limit. For this 
range of stress the total strain mecha- 
nism is shown to be composed entirely of 
the cyclical (pure fatigue) component. 
The existence of an indefinitely long life 
for these stress limits would indicate that 
the magnitude of the total slip mecha- 
nism or a rate of damage is just within 
the limits that can be healed by fluctua- 
tions of thermal energy (14) or other 
processes within the structural arrange- 
ment. In other words, a type of damaging 
and healing mechanism must be in bal- 
ance. The limiting total strain that en- 
ables such a balance to occur is labeled 
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ex in the figure. All ranges of stress ex- 
hibiting this magnitude of the total strain 
mechanism will receive equal benefit 
from the healing process and the same 
indefinitely long fatigue life will ensue. 
The more the total strain, er , exceeds 
the limiting value, ez , the greater will be 
the out-of-balance between the damage 
and healing mechanisms and the shorter 
will be the fatigue life. In general, those 
ranges of stress showing equal total 
strain, er , will show equal fatigue life. 


Deformations During Reversed Stress 
Above the Endurance Limit: 


In considering completely reversed 
stresses exceeding the dynamic propor- 
tional limit, attention should be focused 
on the second diagram in Fig. 2. Cycling 
between stress limits E and F will pro- 
duce the same type of eventual straining 
action already discussed. However, the 
sequence of events may differ somewhat 
at first. 

As cycling between E and F begins, 
the usual slips will take place and it will 
be found that point E moves toward LE’ 
and point F toward F’—each extreme 
stress level adjusting toward the stabil- 
ized state of strain. Ordinarily during this 
movement, a hysteresis loop joining /’ 
and F’ is developed which has the dy- 
namic modulus £’F’. After a number of 
cycles, some materials may show a re- 
versal in the movement at the minimum 
stress level when observed from the 
phenomenological point of view. This 
possibility is shown as movement F’ to 
F”. Such a reversal ordinarily becomes 
apparent as a measurable increase in the 
dynamic modulus. If the apparent re- 
versal in slip direction does occur it may 
be associated with a form of delayed 
strain hardening (5) or, possibly, dif- 
ferences in the influence of compression 
and tension on the slip phenomena. Nev- 
ertheless, the total strain, er , affecting 
the fatigue life is, as before, the summa- 
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tion of the two strain components, ey 
and €,. 


Dynamic Modulus Variations: 


Dynamic modulus variations of the 
type referred to in the above discussion 
were measured by Lidstrom and Lazan 
(4). Their measurements were made on 
test specimens of mild steel subjected to 
completely reversed axial loading. Re- 
sults typical of those presented in their 
work are shown in Fig. 3. The dynamic 
modulus was observed to decrease very 
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dynamic modulus occurring at the low- 
stress levels and the crossover of the 
variations at the two highest stress levels. 
These observations tend to support the 
contention that once the minimum value 
of the dynamic modulus has been estab- 
lished, further variations in the modulus 
will have little or no effect on the event- 
ual fatigue life during direct stressing. 
This, of course, infers that the basic ar- 
ray of crystal disorientation and stria- 
tions is developed when the dynamic 
modulus reaches a minimum and further 
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rapidly during the first 1 per cent of the 
fatigue life. This was then followed by a 
gradual increase in modulus beginning 
long before failure. The slight modulus 
increase was explained in another study 
(5) to be the consequence of a delayed 
strain-hardening phenomenon. The mag- 
nitude of these dynamic modulus changes 
were verified by other work by Lazan 
(17) and Lazan and Wu (9). 

It should be noted from Fig. 3 that no 
modulus changes were experienced for re- 
versed stresses less than 31.5 ksi. This 
stress level corresponded to the dynamic 
proportional limit and was very near the 
endurance limit for the mild steel. Note, 
also, the rather erratic variation of the 


Cycles of Reversed Axial Stress 


_ Fic. 3.—Dynamic Modulus Variations During Cyclic Stressing of Mild Steel. 


cycling only intensifies the slipbands 
which have been formed. As a result of 
this intensifying process, some modifica- 
tions of the strain-hardening (16) may 
take place, resulting in a modulus change, 
but this probably is no more than a 
secondary effect. 


Internal Stresses Evaluated by Magnetic 

Analysis: 

About ten years ago a series of in- 
teresting tests was performed by Duke 
(18) using a method of magnetic anal- 
ysis. He employed the principles of mag- 
netostriction of ferromagnetic materials 
to evaluate internal stresses during fa- 
ligue action. The method is based on the 
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fact that a distortion of the crystal lat- 
tice in a specimen, whether induced by a 
static or dynamic loading, will have a 
measurable effect on the magnetic prop- 
erties. For those unfamiliar with the 
physics of the method, the work of 
Cavanagh and Wlodek (19) is suggested. 
Typical results obtained by Duke are 
shown in Fig. 4. Duke explained that the 
mild steel tested was initially possessed 
with the usual internal stresses resulting 
from manufacture. The specimens were 
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Between points A and B in Fig. 4, ac- 
cording to Duke, the initial nondamaging 
adjustment process is replaced by a 
semi-elastic, semi-plastic straining proc- 
ess. At the lowermost point B, the ma- 
terial reached a limiting condition of 
plastic movement. At the limiting plastic 
strain position, B, it was noted that in- 
tensified microscopic stress fields had 
been developed. This straining mecha- 
nism. between A and B appears to be 
closely associated with the establishment 
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cycled at 120 cps in reversed bending 
above the endurance limit. At the end of 
each 25,000-cycle period, the specimens 
were removed from the fatigue tester 
and the magnetic changes were noted. 
After the initial periods of cyclic load- 
ing, Measurements showed that the in- 
ternal stresses were relieved by a slip 
mechanism considered to be nondamag- 
ing in nature. This process of internal 
adjustment, which also accomplishes a 
state of magnetic neutrality, is repre- 
sented by path OA in Fig. 4. It is be- 
lieved that this initial nondamaging ad- 
justment corresponds to the movement 
EE’ and FF’ shown earlier in Fig. 2. 


Fic. 4.—Typical Cyclograph Study on Mild Steel. 
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and intensification of an array of crys- 
tal disorientations and striations result- 
ing from the combined unidirectional 
and alternating strain process. 

When the plastic straining reached the 
limiting magnitude at position B, another 
mechanism came into focus. Between B 
and C it was found that the energy which 
had previously produced plastic flow was 
now directed to lattice destruction. Duke 
found the intensity of the destruction to 
be entirely dependent on the applied 
stress, once the specimen reached posi- 
tion B, the limit of plastic strain. This 
final mechanism probably consists of the 
crack-propagation phase, which is rela- 


andl 


_ 

| 

8.0 | 


YOUNGER ON FATIGUE FAILURE HyPorTHeEsIs 585 


tively slow in the presence of stress- 
gradient effects common to bending spec- 
imens. 

The three stress levels shown in Fig. 4 
refer to the reversed limits assigned to 
each series of tests. Each curve portrays 
the phases of straining just discussed. 
The 25-ksi curve depicts conditions exist- 
ing near the endurance limit. At this 
stress level, Duke believed that the dam- 


ship for fatigue data was recently devel- 
oped in a preliminary study (20) based 


upon the assumption that the failure of 
test specimens follows the “limiting 
strain” hypothesis presented here. The 
fatigue data for a number of metals were 
studied and the correlation was found to 
to be very good. The procedures used 
and the correlations found are discussed 
in the following sections of this paper. 


Se tFry 

fiir 
R=0.6 

Ss 

Aime 
= Sah 
oo 
= 

Se 
Ng No Ni No 
Fatique Life ,cycles 

Fic. 5.—Typical S-N Fatigue Curves for Constant Stress Ratios. As 


age-healing process was in near balance. 
Stresses at, or below, the endurance limit 
did not produce the lattice destruction 
phase. 


A Test oF THE 


As stated in the hypothesis, ‘“the 
cyclic life for a given range of stress is 
uniquely determined by the correspond- 
ing range of stabilized deformation as 
measured from the locus.” For this to be 
true for a given material, all of the S-V 
data for a number of mean stresses must 
establish a single stress-strain relation- 
ship similar to the locus curve referred to 
in Figs. 1 and 2. A procedure that shows 
the existence of such a singular relation- 


Development of the Locus Curve from 
Typical S-N Curves: 


Consider fatigue test specimens tested 
under direct stress varying sinusoidally _ 
between a maximum stress, , and a 
minimum stress, Spin. It is known that 
the test frequency has negligible effect on 
the number of cycles which cause fail- 
ure, at least up to the highest frequencies 
of normal engineering interest (9,21). For 
the stress range, Smaz — Smin, let the 
number of cycles causing failure be V. 

A typical set of S-N curves obtained 
under direct stress is shown in Fig. 5. 
These curves are representative of those 
generally faired through the failure test 


points. The values, R, indicate the ratio 
of the minimum stress to the maximum 
stress applied during the constant stress 
cycle. The largest value of N covered by 
the data is shown to be N,. For actual 
fatigue data, the magnitude of NV, gener- 
ally ranges between 10’ and 5 X 10° 
cycles. From the lower curve, R = —1, 
the reversed stress giving a lifetime of V, 
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_ Fic. 6.—Development of Locus Curve. 


cycles is found to be S,. The very pro- 
longed lifetime associated with S, indi- 
cates that the damage-healing process is 
in near balance and this stress level can 
be considered as the accepted value of 
the endurance limit. From the findings of 
the investigators mentioned earlier, the 
material undergoing this reversed stress 
remains in a cyclic state that is very 
nearly elastic in nature. That is, the 
stress range S, to —S, corresponds to the 
range C to D in Fig. 2. This range of 
stress determines a length of the locus 
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curve which can be considered as linear. 
Algebraically, this linear portion of the 
locus curve can be expressed as, 

ne 

where: 


if 


y(S) = the stabilized strain for stresses 
less than the endurance limit, 


(So) = the stabilized strain for a stress 
at the endurance limit, 

S = a stress less than the endurance 
limit, and 

S, =the stress at the endurance 
limit. 


In view of the fact that the develop- 
ment of the complete locus curve is de- 
pendent only upon the relative magni- 
tudes of the stabilized strains, the strain 
reached at S, can be arbitrarily assigned 
the value of unity. This normalizing ex- 
pedient has been used in the development 
of the locus curve shown in Fig. 6. In 
this figure, it should be noted that the 
normalized strains are now referred to as 
the “damage index.” Up to this point, in 
the discussion, only the straight line 
joining the origin with the S, point has 
been established. 

To continue the development of the 
locus curve beyond S, , a range of stress 
must now be selected from Fig. 5 which 
has a mean stress greater than zero and 
which still produces a fatigue life of NV, . 
From the R = —0.8 curve, for instance, 
determine the values of Snaz and Sypin 
corresponding to the cyclic life V,. The 
value of the damage index, y(S), corre- 
sponding to Spin can be read® from the 


6In evaluating the damage index for com- 
pressive stresses, it will be assumed that the 
locus curve is antisymmetrical about the origin. 
Therefore, for simplicity, only the tensile half 
of the curve need be shown as long as a negative 
sign is assigned to the compressive stresses. 
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_ Fic. 7.—Fatigue Curves for (@) Normalized SAE 4130 Steel and (b) 2024-T3 Aluminum Alloy. 


linear portion of the locus curve already 
established. Now, by referring to Fig. 2, 
‘it can be seen that the limiting total 
‘strain, ex , that is commensurate with the 


— endurance limit is equivalent to twice the 


damage index given for S, in Fig. 6. The 
normalized value of the limiting total 


_ strain, therefore, is found to be equal to 
two units of damage. According to the 


hypothesis, this total strain damage not 
only produces a cyclic life, V,, during 
reversed stress, but it also produces a 
cyclic life, N,, for all levels of mean 
stress. To obtain the value of the damage 
index corresponding to the Syoz under 
consideration, it is only necessary to add 
two units to the damage index, y(Synin), 
previously determined. Algebraically, 
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this can be expressed as: 
+(Smax) = ¥(Smin) + (2) 
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For reversed stress, R = 


— 1.0, the corresponding value of 7(Smin) 
and y(Smax) can be read from the portion 


where: of the locus curve already established. 
¥(Smax) = the damage index correspond- These damage indices can then be used’ 
ing to the maximum stress, in Eq 2 to evaluate 6(Ni). 6(Ni), of 
y(Smin) = the damage index correspond- course, will be found to be greater than 
ing to the minimum stress,and 6(N,). The remaining set of data (other 
5(V) = the total strain damage pro- values of R) having a fatigue life of Ni: 
ducing the cyclic life, NV. can then be employed as described above 

90000 
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Fic. 8.—Locus Curves Developed from Fatigue Data for Aluminum and Magnesium Alloys. 


For the example at hand, NV = N, and 
6(N) = 6(N,) = 2 units. The point 
[Smaz » ¥(Smaz)] can now be plotted, which 
extends the development of the locus 
curve. This process can be repeated in 
analogous fashion for the entire set of 
N, data. In other words, the process can 
be repeated for all of the stress ranges 
covered by the data which exhibit a life- 
time of NV, cycles. Referring to Fig. 5, 
this would entail using data for R = 
—0.6, —0.3, 0.02, 0.4 and 0.6 in a man- 
ner similar to that used for R = —0.8. 
Then, by joining all of the resulting 
points, [Siar ¥(Smaz)|w, , the curve la- 
beled N, in Fig. 6 is established. 

Now consider the data for fatigue life 


for the NV, data. A plot of the resulting 
points [Smaz, ¥(Smaz)lv, establishes the 
curve labeled in Fig. 6. The curves 
labeled V2, N3 and N, in this figure are 
found by a similar process using the 
fatigue data for the lesser lifetimes V2, 
N3 and Ni 

It should be noted that in the process 
of locus curve development, the locus is 
assumed straight only below the endur- 
ance limit, S,. For absolute values of 
Smin greater than S,, the extrapolation 
of the locus curve is always based upon 
a previously established value of y(Snin). 
That is, the locus curve development is 


7 The damage index is a negative value if 
obtained for a compressive stress. 
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made through a process of overlapping 
curve segments with the lower extremity 
of each curve segment coinciding with 
that portion of the locus already estab- 
lished. As shown in Fig. 6, the curve seg- 
ments overlap for a greater portion of 
their length, thus describing essentially 
the same path. 


Correlation with Actual Fatigue Data: 


Fatigue test data for several metals 
were located through the literature. The 
data selected met the requirement of 
being obtained under direct stress for a 
number of mean stresses. The metals 
and source references are as follows: 


(a) Aluminum alloy 2014-T6.......... (22) 

(b) Aluminum alloy 2017-T4.......... (23) 
Aluminum alloy 2024-T3.......... (21) 
(d) Aluminum alloy 6061-T6.......... (22) 

(e) Aluminum alloy 7075-T6.......... (21) 
_ (f) Magnesium alloy ZK60A-TS....... (24) 
: (g) Normalized SAE 4130 steel........ (21) 


The S-N fatigue failure data for the 
normalized SAE 4130 steel are shown in 
Fig. 7(a). It should be of interest to note 
that the typical S-N curves presented in 
Fig. 5, for purposes of discussing the locus 
curve development, are actually duplica- 
tions of the curves appearing in Fig. 7. 
The dashed portion of these curves in- 
dicate the regions in which predictions 
are made beyond the existing data points. 
The locus curve for the normalized SAE 
4130 steel is shown in Fig. 9. The fact 

that a locus curve can be found which in 
turn predicts with reasonable accuracy 
the failure of specimens at various levels 
of mean stress and alternating stress adds 
emphasis to the compatibility of the 
_ proposed failure mechanism. 

The S-N data for the 2024-T3 alu- 
minum alloy are shown in Fig. 7(0). Again, 
the curves drawn through the data are 
those predicted by the proposed failure 
law. Despite the large scatter exhibited 
by this set of data, the correlation is still 
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reasonable. The single locus curve which 
is commensurable with these S-N curves 
is shown in Fig. 8. 

The dashed curves shown in Figs. 8 
and 9 are the virgin tension stress-strain 
curves which have been normalized and 
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Fic. 9.—Locus Curves Developed from Fa- 
tigue Data for Alloy Steels. 


presented for purposes of comparison. 
The short slash mark has the usual mean- 
ing of the 0.2 per cent offset yield 
strength commonly used for materials 
not exhibiting a definite yield point. 
The S-N data and the predicted fa- 
tigue curves for 7075-T6 aluminum al- 
loy, ZK60A-T5 magnesium alloy, and 
SAE 4340 steel are shows in Figs. 10(a), 
10(b), and 10(c) respectively. The cor- 
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(c) SAE 4340 Steel. 
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responding locus curves are presented in 
Figs. 8 or 9. 

The fatigue data for the 2014-T6, 
2017-T4 and 6061-T6 aluminum alloys 
were not found in the literature in the 
S-N curve form. These data were pub- 
lished in the familiar modified Goodman 
diagram form. This, of course, means 
that no actual data points are presented 
for these metals. The values presented 
have been estimated by the investigators 
to be representative of the trend of data. 
The estimated values for these three 
metals have been used in a manner 
similar to that used for the S-N data. 
The curves shown in modified Goodman 
form in Figs. 11(a), 11(4), and 11(c) have 
been developed through the application 
of the proposed method. The corres- 
ponding locus curves for these metals 
have been included in Fig. 8. 


APPLICATIONS OF THE HYPOTHESIS 


If the present hypothesis were suf- 
ficiently verified, a number of engineering 
applications would immediately suggest 
themselves. The most ideal of these ap- 
plications would entail the use of a 
stabilized locus curve which had been de- 
termined at the microstructural level by 
some relatively simple method, say that 
of magnetic analysis. With the locus 
curve available, then only a single S-N 
curve determined at a convenient mean 
stress would enable the S-N curves for 
any mean stress to be established. The 
need for the single S-N curve lies in the 
fact that it is necessary to know at least 
one range of stress producing a given 
fatigue life. This range of stress would 
then enable the total strain causing fail- 
ure in the given number of cycles to be 
determined from the locus curve. Fi- 
nally, this value of total strain would be 
used in conjunction with the locus curve 
to establish all other ranges of stress 
exhibiting this fatigue life. 

A second application that may be 
worthy of mention is that of interpolat- 
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ing and extrapolating fatigue data to 
combinations of mean stress and life- 
times not included in a test program. An 
example of such an application has been 
shown in the figures containing S-V 
curves. Dashed-lines shown in these fig- 
ures indicate those portions of the curves 
which have been extended by the pro- 
cedures outlined in the previous section. 


CONCLUDING REMARKS 


The present study has dealt only 
with uniaxial stressing. However, if the 
uniaxial stress case can be verified, then 
extensions of the failure hypothesis to 
cover biaxial and triaxial stressing cases 
appear probable. In addition, the failure 
mechanism proposed here may well affect 
certain aspects of the statistical theory of 
fatigue as well as theories on cumulative 
damage. The fatigue mechanism de- 
scribed places emphasis on the combined 
effect of a cyclical permanent set and an 
alternating strain as a measure of fatigue 
life rather than stress amplitudes alone. 

It may also be mentioned that the re- 
peated strain tests performed by Bailey 
(26) have indicated the possibility that 
the stabilized locus curve is universal in 
character. That is, the same locus curve 
appears to be developed under either con- 
stant cyclic stressing or constant cyclic 
straining. 

No attempt has been made to include 
single crystals in this study, although 
there is considerable evidence showing 
that these also reach a well-defined sat- 
uration limit of unidirectional slip. Ebner 
and Backofen (27), using single crystals 
of copper, found that the saturation of 
the test specimens occurred early in the 
fatigue life. Further, they found that 
when saturation was reached, a pattern 
of slipbands was formed and the basic 
process of damage had begun. As the 
cycling continued, the initial pattern of 
slipbands intensified and spread until 
failure. 
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reat Repeated Strain Testing as an Aid to En- 
gineering Design and Practice,” Interna- 
tional Conference on Fatigue of Metals, 
sponsored by The Inst. of Mechanical 
Engrs. and Am. Soc. aah Mechanical Engrs., 


Mr. Jo DEAN Morrow.'—This paper 
has been stimulating, but at the same 
time, a bit confusing. Some of the con- 
fusion stems from the fact that the 
author has used a combined graphic and 
analytical method for determining a 
fatigue damage index curve for material 
tested at various mean stresses. Further 
confusion arises when an attempt is made 
to justify the existence of such a damage 
index curve on the basis of a hodgepodge 
of information gathered from the many 
references. The entire spectrum of know]l- 
edge in the field of fatigue is used, from 
metallographic observations of slip, to 
cyclic stress-strain behavior, to experi- 
mentally determined S-N curves. Yet no 
clear picture emerges of precisely what 
the justification is for assuming fatigue 
damage to be related to stabilized uni- 
directional slip. 

The data used in this paper is limited 
to R > —1.0. Would this not also be a 
limitation on the “hypothesis” since the 
same fatigue behavior would be predicted 
for compressive mean stresses as for 
tensile mean stresses? It is well known 
that this is not so. 

It would seem that the withers con- 
tribution is mainly that of furnishing the 
designer with a method of plotting mean 
stress fatigue data from minimal informa- 
tion (that is, a damage index curve and 
an S-N curve). The similarity of the 


1 Assistant Professor, Theoretical and Applied 
Mechanics Dept., University of Illinois, Talbot 
Laboratory, Urbana, Ill. 


YOUNGER ON FATIGUE FAILURE HYPOTHESIS 


DISCUSSION staat 


(27) M.L. Ebner and W. A. Backofen, “Fatigue 

in Single Crystals of Copper,” Massachu- 
setts Institute of Technology Report sub- 
mitted to Journal of Metals, Am. Inst. Min- 


ing and Metallurgical Engrs. (1958). 
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damage index curve and the stabilized 
locus curve is certainly worth noting, but 
does not seem to me to be sufficient basis 
for the development of a fatigue failure 
theory. 

Mr. D. G. YouNGER (author’s closure). 
—As has been recognized by Mr. Morrow, 
the data collected for use in this paper 
have been limited to mean stresses equal 
to, or greater than, zero. The omission of 
data for the compressive mean stresses 
stems from the fact that much of the 
compression fatigue data appears to be 
clouded with a high degree of uncertainty. 
That is, either the method of loading the 
specimen has introduced eccentricities of 
unknown magnitude or the measurements 
have been inadequate for determining the 
actual stresses developed. 

From the type of compression fatigue 
data that are available, it would be dif- 
ficult to say whether or not the hypoth- 
esis is limited to mean stresses of zero or 
greater. It is evident from the literature 
that data of the stabilized locus curve 
variety are scarce, if not non-existent, for 
compressive loadings. Therefore, the as- 
sumption made in this paper that the 
“locus of stabilized unidirectional slip” 
is antisymmetrical with respect to the 
origin is admittedly open to argument. 
However, before one gathers momentum 
for such an argument it should be borne 
in mind that fatigue does not actually 
occur under compressive stress. The use 
of compressive mean stresses in discus- 
sing fatigue behavior only adds to the 
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confusion. The principal question that this difficult question would shed con- 
needs an answer is, ““What is the magni- siderable light on the factors governing 
tude of the tensile mean stress introduced the shape of the modified Goodman dia- 
by the compressive mean loading during gram in the region of compressive mean 
fatigue action?”’ The correct answer to _ loads. 
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cyclic loadings. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON BASIC MECHANISMS OF FATIGUE - 


This Symposium is somewhat of a departure from the general type of pub- 
lication in that an attempt is made to determine what basically affects fa- 
tigue performance. Generally the interest has been concerned with standard- 
izing test methods, and in applying results to actual design. The papers in 
this Symposium clarify some of the mechanisms leading to fatigue damage 
and help to emphasize the statistical nature of the material behavior during 


‘The papers and discussions in this Symposium were presented at the Sec- 
ond Session of the Sixty-first Annual Meeting of the American Society for 
Testing Materials, held at Boston, Mass., June 22 to 27, 1958. It was spon- 


sored by Committee E-9 on Fatigue. T. J. Dolan of the University of Illi- 
nois organized the Symposium and presided over the session. 
papers included in the Symposium are: 
Progress Report on Dislocation Behavior in Lithium Fluoride Crystals During ‘= 
Cyclic Loading—R. E. Keith and J. J. Gilman 
Fatigue Crack Formation in Silver Chloride—P. J. E. Forsyth “ 
Internal Friction, Plastic Strain, and Fatigue in Metals and Semiconductors— 
poy Warren P. Mason nis 
_ Slipband Formation and Fatigue Cracks Under Alternating Stress—M. R. - 
als Hempel 
es Cycle-Dependant Stress Relaxation— JoDean Morrow and G. M. Sinclair se 
i. Recent Observations on Fatigue Failure in Metals—W. A. Wood a 
The papers with discussions were issued as ASTM Special Technical 
_ Publication No. 237 entitled “Symposium on Basic Mechanisms of Fatigue.” 
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: ditions and has been discussed at length in the report. In the hydrogen-bearing 
i zone a crack is initiated and then depending on the experimental conditions 
« may propagate to failure of the cross-section through overloading. Crack de- 


The failure of high-strength steels 
through the action of electrodeposited 
hydrogen in the presence of a suitable 
stress system has been intensively in- 
vestigated during the past five years. 
Thus, while hydrogen embrittlement is 
a very generally encountered phenome- 
non, it is now possible to describe 
characteristics of this effect which are 
perhaps best restricted to the considera- 
tion of high-strength steels. One of the 
most characteristic features of hydrogen 
induced failure in high-strength steels 
is the delay time effect for failure to 
take place under the action of statically 
applied loads. The first plausible ex- 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 Professor of Metallurgy, Syracuse Uni- 
versity, Syracuse, N. Y. Present address: Re- 
search Professor of Metallurgy, School of En- 
gineering and Architecture, Catholic University, 
Washington, D. C. 

2Senior Engineer, Glenn L. Martin 
craft Co., Baltimore, Md. 

3 Associate Director, Syracuse University, 
Research Institute, Syracuse, N. Y. 
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SYNOPSIS 


— _ The embrittlement of seven high-strength steels due to the action of hydrogen 
introduced by cadmium-electroplating has been studied in sustained-load tests. 
Strength levels from 180,000 to 300,000 psi as suitable for the various steels 
; were examined for a variety of initial conditions of stress concentration. All 
steels were found to be embrittled in some measure after cadmium plating. 
Failure promoted by cadmium plating is affected by the experimental con- 


velopment is apparently dependent, in part, on the composition and is mini- 
mized by reduction in carbon content or by an increase in silicon content. 


; THE RESPONSE OF HIGH-STRENGTH STEELS IN THE RANGE ~ 
: OF 180,000 TO 300,000 psi TO HYDROGEN EMBRITTLEMENT irs 
FROM CADMIUM-ELECTROPLATING* 
By E. P. Kurer,' B. B. Muvpt,? Grorce Sacus* 
an 


planation of this behavior was advanced 
by Petch and Stables (1) who proposed 
a suitably modified form of the Griffith- 
Orowan (2) theory of static fatigue in 
glass. This theory requires the develop- 
ment of a suitable crack which through 
reduction in the cross-section leads to 
eventual overloading of the uncracked 
cross-section and thus to failure. 

The crack formation proposed by 
Petch and Stables was experimentally 
verified by Raring and Rinebolt (3), 
Klier, Muvdi, and Sachs (4), and Bar- 
nett and Troiano (5). 

Barnett and Troiano have investi- 
gated at length the development of the 
crack for specimens containing electro- 
deposited hydrogen and propose that 


failure takes place in three stages, 
namely, 
Say 


4The boldface numbers in parentheses refer 

to the list of references appended to this paper, 

see p. 619. 
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TABLE I.—CHEMICAL COMPOSITION OF STEELS. 
Alloying Elements, per cent 
=4 

Alloy Size and Shape a | 8 § § § 

4330 (Vanadium modi- 

Tricent (Inco).......... 444 in. square .. 
Crucible UHS-260....... 4 in. square 0.35)1.20/0.023/0.017|1.62) .. |1.26/0.32/0.20) .. 
414 in. round. . .. | .. 
Super TM-3............ 3 in. round 0.14 

TABLE II.—HEAT TREATMENTS FOR VARIOUS STEELS EXAMINED. 
Austenitizing 
Alloy Temperature, Tempering Temperature; Strength Level, psi 
deg Fahr 
1525 400 F 500 F 700 F 800 F 1000 F 
(275 000) | (270 000) | (235 000) | (215 000) | (165 000) 
4330 (Vanadium 
modified)......... 1600 250 F 500 F 750 F 1000 F 
(265 000) | (235 000) | (210 000) | (180 000) 
| Leyte 1550 400 F 575 F 700 F 800 F 900 F 
a (300 000) | (270 000) | (230 000) | (205 000) | (195 000) 
-Tricent (Inco)...... 1600 400 F 550 F 700 F 
| (295 000) | (275 000) (270 000) 
‘Super Hy-Tuf....... 1700 500 F 800 F 
(270 000) 
1575 700 F (250 000) 
(230 000) 
+ Super TM-2........ 1600 500 F 
7 (275 000) 


1. Crack Initiation—The crack de- 
velops at the base of the notch and 
passes rapidly through the hydrogen- 
rich surface layers. 
Crack Propagation.—If the applied 
load is sufficiently low that fracture 
does not result during stage 1, further 
crack development is suppressed until 
hydrogen can diffuse to the crack front. 
Second stage crack growth is, therefore, 
controlled by the hydrogen diffusion 
rate. 
3. Fracture—If the crack is allowed 
propagate 


to 


indefinitely, the cross- 


section will be eventually reduced to the 
point where the fracture strength of 
the notch section is exceeded and frac- 
turing in the normal way then takes 


place. 


This description of the failure process 
while stated in greater detail estab- 
lishes the role of hydrogen in leading to 
failure in much the same terms as pro- 
posed by other investigators. 

The notch strength for a steel after 

tempering in the range to promote 
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high-strength conditions is dependent 
on the specimen size (6, 7, 8). With in- 
crease in the specimen size, the notch 
strength is lowered. The notch strength 
still is much higher than that measured 
under sustained loads for hydrogen 
embrittled steel, however. As the speci- 
men size continues to increase, it is 
probable that the notch strength asymp- 
totically approaches a limiting value, 
and this corresponds to a limiting notch 
strength which has the characteristics 
of a material constant. From the ex- 
perimental data so far obtained, it is 
proposed that the limiting notch strength 
lies above the notch strength observed 
in the small (0.3-in. diameter) sustained- 
load specimens. 

In the sustained-load tests the effect 
of hydrogen is effectively to reduce the 
section and in this way to promote fail- 
ure. If a larger specimen is employed, 
the surface to volume ratio will be re- 
duced, the average hydrogen content of 
the specimen will be reduced, and the 
crack will penetrate a relatively shorter 
distance through the specimen. As a 
consequence, the notch strength of 
larger specimens electroplated should be 
relatively raised. 

Important as is the establishment of 
the physical characteristics of the fail- 
ure of high-strength steels through the 
action of hydrogen, a perhaps more 
pressing need is the elimination in these 
materials of the phenomenon as a source 
of structural failures. This, in principle, 
is possible either by suitable processing 
to counteract the effects of hydrogen 
embrittlement or by the use of materials 
that are impervious to fractures arising 
from the action of electrodeposited hy- 
drogen. A usual processing treatment 
for the elimination of hydrogen em- 
brittlement is a low temperature baking 
operation. This treatment is not, how- 
ever, generally adequate. Practical dif- 
ficulties arise in the retention of the re- 
quired properties in the steels and in 


the electrodeposit, if complete elimina- 
tion of harmful hydrogen is achieved. 
Principal emphasis in the present in- 
vestigation has as a consequence been 
directed at the evaluation of available 
materials for susceptibility to hydrogen 
embrittlement as measured in sustained- 
load tests. The fracture surfaces ob- 
tained for the several types of specimens 
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Fic. 1.—Test Specimens. 
(a) 0.3 in. diameter stress-rupture notch spec- 
imen. 
(b) 0.2 in. diameter stress-rupture smooth 
specimen. 
(c) 0.9 in. diameter stress-rupture notched 
specimens. 


have been regularly examined and the 


characteristic types are discussed. aes 
EXPERIMENTAL PROCEDURE 


Materials: 


The compositions and finished form 
of the steels studied are given in Table I. 


Heat-Treaiment: 

Specimens were austenitized in a suit- 
able salt bath, oil-quenched and tem- 
pered for 4 hr in a forced-draft muffle 
furnace. The austenitizing and temper- 
ing treatments employed for the respec- 
tive steels are given in Table II. 
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Test Specimens: 


All specimens were rough machined 
to +0.015 in. on each surface prior to 
heat treatment. After heat treatment, 
specimens were machined to the dimen- 
sions given in Fig. 1. 


TABLE III.—STRESS CONCENTRA- 
TION FACTORS AND CORRESPONDING 
NOTCH RADII FOR SUSTAINED-LOAD 
SPECIMENS. 


Stress 
Un- Notch 
| Notch |Concen- 

Type Diam- | tration 

eter, in. eter, in. 

Stress-Rupture 3 |0.011 
specimens... .|0.300 |0.212 5 (0.0035 
10 |0.0008 


Smooth specimens were polished by 
the application of emery cloth under a 
suitable coolant. The direction of move- 
ment of the polishing cloth was along the 
axis of the specimen. 

Notches were obtained by the use of 
suitably ground cutting tools. The 
dimensions of the notches as calculated 
by Peterson (9) from Neuber’s theory are 


given in Table ITI. 
Plating Conditions: a 


In an earlier work the embrittlement 
action of electrodeposited hydrogen aris- 
ing from potential cleaning operations 
was discussed (4). In the present work 
hydrogen embrittlement due to hydrogen 
introduced into the steel during cad- 
mium-electroplating is studied. The com- 
position of the cadmium-plating bath was 
as follows: 


Cadmium-Plating Solution: 
Cadmium Oxide 
Sodium Cyanide 


4 oz per gal 
16 oz per gal 


The bath was operated at room tem- 
perature at a current density of 200 ma 
per sq in. The plate thickness obtained 
was from 0.00025 to 0.0005 in. for smooth 
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specimens. For the notched specimens, 
metallographic examination revealed 
that plating was satisfactorily continuous 
along the root of the notch for all but 
the most sharply notched specimens. 
For specimens with a notch root radius 
of 0.001 in. or less, a cadmium plate was 
not obtained to the base of the notch. 


Sustained-Load Tests: 


Buttonhead specimens, Figs. 1(@) and 
1(b), were loaded on creep rupture ma- 
chines to determine the response to 
sustained-load applications of the re- 
spective steels. Suitable aligning fixtures 
were employed to ensure concentricity 
of load application. 

A limited number of 0.9-in. diameter 
specimens (stress concentration K = 
5), Fig. 1(c), were also tested. These 
specimens were tested in a suitable align- 
ing fixture in a 300,000-lb capacity test- 
ing machine. The load was maintained 
by manual adjustment of the machine, 
while tests were limited to a maximum 
duration of one day. 


Hydrogen Analyses: 


Suitable sections of electroplated 
specimens were submitted to the Na- 
tional Research Corp., Cambridge, 
Mass., for hydrogen determination. The 
hydrogen-bearing specimens, immedi- 
ately after electroplating, were cooled 
in dry ice and were shipped by air 
freight. Specimens were kept at the 
reduced temperature until analyzed. 
The treatment employed is one which 
has been used to prevent diffusion of the 
hydrogen (10) into the specimen, and 
that it is probably effective may be 
gathered from the fracture results re- 
ported by Troiano et al (11). 


Metallography: 

All fractures were regularly examined 
visually and at low magnifications. 
Specimens that remained unbroken 
after testing were, in selected instanc ces, 
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1525 F/Oil 
400 
= Unembrittled 
|-1000 F 
200 000 4 
500 000 
~ K=5 
(b) 
400 000 
|-400F 
Unembrittied 
Notch Strength 
800F 
_ 300 000 
+ 4 = 
. £ 200 000 
” 
100 000 
500 000 
A=3 
(c) 
6 400 000 
tl «= 700 Unemobrittled 
— | Notch Strength 
300 000m f 
om 
800 and 1000F 
— 
400F 
500F 
0.01 0.1 1 10 100 1000 
Time to Rupture , hr 
Fic. 2.—The Stress-Time to Rupture Curves for Cadmium-Plated 
cated, Stress Concentration, (2) K = 10, (6) K = Sand (c) K = 3. 
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4340 Steel Tempered as Indi- 
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sectioned longitudinally and examined 
for fracture development at the base of 
the notch. 


Representation of the Test Data: 


In the development of the text of the 
report, reference is made to charac- 
teristic curves and summary plots of the 
data. Additional data are presented by 
means of photographs. 


developed by Petch and Stables, the 
notch in a sharply notched specimen 
constitutes the Griffith crack. As was 
pointed out earlier, this crack has been 
observed experimentally to develop 
and grow. However, as the notch root 
radius is increased, it may be expected 
that the notch eventually will no longer 
function as a Griffith crack. For such 
experimental conditions the fracture 


Tempering Temperature, deg Fohr 


K=2 @ Embrittled 
400 000% 
| 
| 
y 
ww? Tension 0.1 I 10 100 1000 


Time to Rupture, hr 
Fic. 3.—The Stress-Time to Rupture Curves for Cadmium-Plated 4340 Steel Tempered as Indi- 


cated, Stress Concentration, K = 2 


EXPERIMENTAL RESULTS 


Hydrogen Analyses of the Steels Studied: 


Hydrogen analyses completed on 
cadmium-plated sustained-load speci- 
mens indicated that: 

1. The average hydrogen content was 
~2.5 ppm; and 

2. Within the scatter of the data, 
steel composition had no effect on the 
amount of hydrogen contained in the 
specimen after cadmium-electroplating. 


Sustained-Load Tests: 


According to the Griffith-Orowan 
theory of sustained-load failures as 


ae due to the action of hydrogen 


may be expected to be different from 
that described for the very sharp notch. 
In addition to this, relatively mild notch 
conditions characterize service applica- 
tions. Sustained-load tests, therefore, 
are needed to establish the effect of 
notch sharpness on hydrogen induced 
crack development. 

In all, seven steels have been studied. 
However, it is necessary to discuss in 
detail the results obtained for only one 
steel, as the variables introduced affect 
the different steels in much the same 
way. 4340 steel has been selected for 
detailed examination. 
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_ Fic. 4.—The Stress-Time to Rupture Curves for Cadmium-Plated 4340 Steel Tempered as Indi- 
cated, Stress Concentration, K = 1. 
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Fic. 5.—The Rupture Strength at 100 hr versus Tempering Temperature with Stress Concentra- 
tion as Parameter for Cadmium-Plated 4340 Steel. 


4340 Steel——Under the most severe curred after a loading time of less than 
notching conditions, 4340 steel was 10 hr at a nominal stress of from 50,000 
found to be subject to sustained-load to 75,000 psi. 
failures at all strength levels examined Tempering at 800 and 1000 F led toa 
(Fig. 2(a)). After tempering at 400, displacement of the stress versus “time 
500, and 700 F, nearly the same load to failure’ curves to the right and to 
versus “‘time to rupture” curves were higher stresses. The indicated improve- 
obtained and, in general, failure oc- ment in properties, therefore, increased 
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progressively as the tempering tempera- 
ture was raised from 700 F. 

For the stress concentration of 10, 
sustained-load failures due to the action 
of hydrogen introduced on cadmium- 
electroplating are very serious for 4340 
steel tempered at from 400 to 700 F, 
inclusive. Reduced properties can be 
expected from this source after temper- 
ing at 800 F. Even after tempering at 
1000 F, failures arising from the action 
of electrodeposited hydrogen may be 
expected 

For specimens containing a notch 
leading to a theoretical stress concentra- 
tion of 5, only slightly modified results 
are obtained (Fig. 2(5)). But as the 
stress concentration is reduced to 3 
(Fig. 2(c)) rather marked changes in 
the series of curves take place. 

Perhaps the most significant of these 
changes is that associated with the mini- 
mum fracture stress plotted in Fig. 5. 
After tempering at from 400 to 700 F, a 
nearly constant minimum stress to pro- 
duce failure is measured for stress 
concentrations of 10 and 5. At higher 
tempering temperatures, the minimum 
stress is raised. At a stress concentration 
of 3, a minimum is indicated in the 
“minimum strength” versus tempering 
temperature curve (Fig. 5). This occurs 
at a tempering temperature of about 600 
F. At this stress concentration (K = 3) 
increased resistance to hydrogen em- 
brittlement is obtained by tempering 
at 400 F or at 700 F and above. There is 
then evidence of the 500-embrittlement 
phenomenon for the mildly notched 
specimens. 

The trend of the data for a stress con- 
centration of 3 is established with 
greater emphasis at a stress concentra- 
tion of 2 (Figs. 3 and 5). The data re- 
ported in this last set of curves were 
obtained for a different heat of 4340 
steel (13), but, none the less, are properly 
ordered in the present comparisons. 


Finally, for smooth specimens, that is, 
K = 1, while sustained-load failures 
occur (Fig. 4) such failures take place 
with little drop in stress. The breaking 
stress at 100 hr (Sioo)® versus tempering 
temperature curve, Fig. 5 thus differs 
little from that measured for unem- 
brittled smooth specimens. 

In Fig. 6 the breaking stress at 100 
hr is plotted against stress-concentration 
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Fic. 6.—The Rupture Strength at 100 hr ver- 
sus Stress Concentration with Tempering Tem- 
perature as Parameter for Cadmium-Plated 4340 
Steel. 


with tempering temperature as param- 
eter. Included in the figure are the 
strength values for nonplated specimens. 
It is immediately evident that cadmium 
plating has introduced major changes 
in the notch properties of the steel 
studied for all tempering conditions and 
for all conditions of notching. In this 
plot the strength of smooth specimens 
is indicated as unaffected by the pres- 
ence of hydrogen. 


5 Sioo is an extrapolated breaking load for a 
holding time of 100 hr. 
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_ tempering at 400, 500, and 700 
F, the minimum strength (Si) of plated 
specimens with increasing stress con- 
centration drops abruptly from the 
values measured for the smooth speci- 
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first inspection, are understandable in 
terms of a section reduction arising from 
the action of hydrogen in the steel. 
Thus, for the notched specimens, the 
qualitative trends of the data are similar 


mens. This is in contrast to the to those for the nonplated specimens. 
400 000 
98B40 
300 000 
om 
K: @ 
K=5 
| 
— K 
500 600 700 800 900 1100 


Tempering Temperature, deg Fohr 


Fic. 7.—The Rupture Strength at 100 hr versus Tempering Temperature with Stress Concentra- 
tion as Parameter for Cadmium-Plated 98B40 Steel. 


indicated behavior of the nonplated 
specimens. Further, little numerical 
difference is noted for the three tem- 
pered conditions. 

For specimens tempered at 800 and 
1000 F, on the other hand, the mini- 
mum strength of plated notched speci- 
mens, in keeping with the trends meas- 
ured for the nonplated specimens, first 
increases with increase in the stress 
concentration and then at high values of 
stress concentration is reduced. In con- 
formance with the concept that the ac- 
tion of hydrogen in the steel is to effec- 
tively reduce the cross-section, the trend 
of these data is that expected. 

In brief summary, the above sus- 
tained-load data show that a profound 
difference in fracture behavior may be 
expected from plating 4340 steel which 
has been tempered at from 400 to 700 
F. For this steel tempered at 800 and 
1000 F, the sustained-load data, at 
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Fic. 8.—The Rupture Strength at 100 hr 
versus Stress Concentration with Tempering 
Temperature as Parameter for Cadmium-Plated 
98B40 Steel. 
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The quantitative differences would then 
be due to the reduction of the load- 
bearing section of the specimen through 
hydrogen induced crack development. 
The questions of crack development in 
smooth specimens and the fracture be- 
havior of specimens tempered at and 
below 700 F are discussed in a later 
section. 

98B40 Steel.—The notch strength 
(Si) of plated specimens as a function 
of the tempering temperature is pre- 
sented in Fig. 7 with the stress concen- 
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"Fic. 9.—The Rupture Strength at 100 hr ver- 
sus Tempering Temperature with Stress Con- 
centration as Parameter for Cadmium-Plated 
4330 Vanadium-Modified Steel. 


tration as parameter. These data with 
certain variations are in agreement with 
the results obtained for 4340 steel. 
Of principal interest are the facts that 
the 98B40 steel studied is more sensitive 
to the action of hydrogen in leading to 
embrittlement for a tempering tem- 
perature of 400 F, and that in contrast 
to 4340 steel the tempering temperature 
range characterizing greatest sensitivity 
to hydrogen extends to 800 F and pos- 
sibly higher. These trends are best 
shown in Fig. 8. Thus at tempering 
temperatures of 800 F and below, the 
notch strength of plated specimens 
drops rapidly with increasing stress 
concentration from the strength meas- 
ured for the smooth specimens. Tem- 
pering at 900 F promotes an initial in- 


| 


crease in the notch strength with 
increase in stress concentration followed 
by the expected notch strength reduc- 
tion at the highest stress concentrations. 

4330 Vanadium-Modified Steel——The 
notch strength (Si) of plated specimens 
as a function of the tempering tempera- 
ture is presented in Fig. 9 with the 
stress concentration as parameter. The 
notch strength (Si) as a function of 
stress concentration with the tempering 
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Fic. 10.—The Rupture Strength at 100 hr ver- 
sus Stress Concentration with Tempering Tem- 
perature as Parameter for Cadmium-Plated 
4330 Vanadium-Modified Steel. 


temperature as parameter is presented 
in Fig. 10. These data clearly are re- 
lated to the data obtained for both the 
4340 and 98B40 steels. Thus by the dis- 
cussion earlier developed in considering 
the data for 4340 steel, the 4330 Vana- 
dium-Modified steel becomes suscep- 
tible to hydrogen embrittlement at a 
tempering temperature of 750 F and 
becomes increasingly embrittled as the 
tempering temperature is reduced. While 
the tendency to develop the embrittled 
condition exists at all but the highest 
tempering temperatures, the degree of 
embrittlement for this steel is less than 


. 


that observed for both the 4340 and 98B- 
40 steels. 

The behavior in the sustained-load 
test of the three steels 4340, 98B40, 
and 4330 Vanadium-Modified suggests 
that for a series of steels of related com- 
position and tempered to a comparable 
tensile strength, the order of increasing 
susceptibility to hydrogen embrittle- 
ment is the order of increasing carbon 
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fers such failures only when the applied 
loads are high and sustained for a long 
period of time. This steel, therefore, is 
only slightly embrittled through cad- 
mium-electroplating. 

Crucible UHS-260 Steel.—The 1.5 
per cent silicon steels as a group de- 
velop tensile properties that are modi- 
fied only slightly for relatively wide 
changes in tempering temperature. The 


content. UHS-260 steel available for the present 
1575 F(2)0il 
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Plated Hy-Tuf Steel Tempered at 700 F 


Hy-Tuf Steel.—The three steels 4330 
Vanadium-Modified, 4340, and 98B40 
are low-silicon bearing steels forming a 
characteristic group. Three steels alloyed 
with about 1.5 per cent silicon form a 
group with characteristic properties that 
are qualitatively different from those 
measured for the first three steels. 
Thus the 1.5 per cent silicon materials 
are characteristically relatively insensi- 
tive to pronounced’ embrittlement 
through the action of electrodeposited 
hydrogen, as is emphasized in the creep- 
rupture data for Hy-Tuf steel presented 
in Figs. 11 and 12. This steel at a 
strength level of 230,000 psi, while 
subject to sustained-load failures, suf- 


Fic. 11.—The Stress - Time to Rupture Curves at Indicated Stress Concentration for Cadmium 


study was heat treatable to strength 
levels of 250,000 psi and 270,000 psi. 
This steel heat treated to these strength 
levels provides much needed data to 
bridge the large gap between the tensile 
strengths measured for Hy-Tuf and 
Tricent steels. The notch strength 
(Sioo) versus tempering temperature 
and the notch strength versus stress 
concentration data are presented in 
Figs. 13 and 14. 

These data indicate that UHS-260 
like Hy-Tuf is relatively insensitive to 
the embrittling action of electrodeposited 
hydrogen. It is interesting to observe 
that for this steel susceptibility to em- 
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brittlement increases as the tempering 
temperature is raised from 550 to 800 F. 

Tricent Steel—The notch strength 
(S10) of plated specimens as a function 
of the tempering temperature is pre- 
sented in Fig. 15 with the stress concen- 
tration as parameter. The response of 
this steel to the action of hydrogen is 
complex and at the present time no 
reasons for this behavior can be ad- 
vanced. Thus for mild notch conditions 
(K = 3), maximum resistance to hy- 
drogen induced failures obtains after 
tempering at 400 F. For the intermediate 
notch severity (K = 5) optimum prop- 
erties are obtained after tempering at 
550 F. For the sharpest notch, proper- 
ties at all tempering temperatures are 
equal. The notch strength (Sto) rapidly 
drops from the stress measured for the 
smooth specimen as the notch severity 
is increased, Fig. 16. 

Super TM-2 Steel.—This steel was 
studied at a strength level of 275,000 
psi obtained by tempering at 500 F. 
The notch strength (Si) data are pre- 
sented in Fig. 17. 


Sustained-Load Strength versus Tensile 
Strength: 


The trends of the data for the several 
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when plotted against tensile strength 
while the stress concentration factor is 
held constant as in Figs. 18(a)(b)(c) to 
22. These data have an immediate ap- 
plication in the evaluation of the proper- 
ties of small sections of the steels heat 
treated to the pertinent strength levels. 


Sustained-Load Strength versus Specimen 
Size: 


As has been pointed out, the effects 
of hydrogen introduced into the metal 
as a consequence of electroplating in 
leading to sustained-load failures should 
be minimized as the specimen size in- 
creases. To examine this prediction a 
series of sustained-load tests were com- 
pleted on cadmium-plated 0.9 in. diam- 
eter specimens. The limited test results 
obtained are presented in Fig. 19. Of 
particular interest is the fact that speci- 
mens tempered at 400 F are much more 
susceptible to the action of electrode- 
posited hydrogen than are the specimens 
tempered at 600 F. These results are 
compared in Fig. 20 with data obtained 
for the plated 0.3-in. diameter specimens 
and with data obtained for variously 
sized nonplated specimens. 

In this figure, the pronounced roles 
of size for the nonplated specimens and 
hydrogen induced brittleness for the 
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plated specimens are clearly set forth. 
Since the notch strength values plotted 
are nominal, the data in this figure are 
singularly significant. 
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Fic. 16.—The Rupture Strength at 100 hr 
versus Stress Concentration with Tempering 
Temperature as Parameter for Cadmium-Plated 
Tricent Steel. 


Thus, for the unplated specimens a 
monotonically decreasing notch strength 
is measured as the specimen size in- 
creases. For the plated specimens, a 
monotonically increasing notch strength 
is measured. These two quantities 
must eventually bound a notch strength 
which is a limiting quantity for the steel 
and heat treatment. A transition from 
a high to a low numerical value is indi- 
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cated for this quantity, but the data 
available are not sufficient to allow a 
complete discussion of this transition 
at this time. 
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Fic. 17.—The Rupture Strength at 100 hr 
versus Stress Concentration for Cadmium-Plated 
Super TM-2 Steel Tempered at 500 F. 


The sustained-load tests which have 
been discussed for the small specimens 
are directly applicable to the evaluation 
of properties to be expected in service 
applications of the steels studied when 
the service members are small. However, 
it is evident that as the structural mem- 
ber increases in size the adverse effect 
of hydrogen embrittlement will be mini- 
mized. This does not mean, however, 
that properties of small size unembrittled 
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<j Fic. 18.—The Rupture Strength at 100 hr versus Tensile Strength for the Indicated Steels with 
Stress Concentration, (2) K = 10, (b) K = 5, and (c) K = 3. 


specimens will be realized because with propose without reservation the proper- 
increase in section size-an adverse sec-__ ties to be expected in large electroplated 
tion size effect may be introduced. sections. Maximum notch strengths, 
Since the changes in section size affect however, can be estimated from the 
the notch properties differently for the data obtained in the section size study 
different steels, it is not possible to and are reported in Wright Air De- 
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velopment Center Report TR 56-395 
Part 1 (8). Selected data are presented 
in Fig. 21. These data are offered as 
probably qualitatively indicating the 
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trends of the notch properties in high- 
strength electroplated steels. These 
predicted trends, however, should be 
checked by suitable tests. 
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Fracture Development Under the Joint 
Action of Hydrogen and Sustained 
Load: 


Crack development resulting from the 
joint action of hydrogen and stress as it 
has been described previously (3, 4, 5) is 
essentially from the base of the notch 
into the core of the specimen. The 
machined notch, therefore, functions 
as a Griffith crack and the experi- 
mental conditions, that is, hydrogen 
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Fic. 21.—The Notch Strength for 0.9 in. 
Diameter Specimens, K = 10, versus Tensile 
Strength for the Indicated Steels. 


300 000 


induced crack growth, lead to the ex- 
tension of this crack with eventual 
failure of the section. The conditions 
here described are not obtained for a 
smooth or mildly notched specimen, 
and the failure of these latter type speci- 
mens is a point of interest. Two ex- 
amples of the fractures obtained for 
smooth-plated specimens are presented 
in Figs. 22(a) and (0). 

While these fractures resulted from 
the action of hydrogen, at least in point 
of initiation, it is striking that the 
preliminary stage of crack development 
has led to the extension of internal 
cracks. For Fig. 22(a) the crack is 
clearly nucleated at or near the surface, 
but for Fig. 22(6), there is no obvious 
connection between the internal crack 
and the surface until after the fracture 
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(b) Nucleation subsurface; tempered at 600 F for 4 hi 


tempered at 400 F for 4 hr. 


(a) Nucleation at or near surface; 


Sustained-Load Fracture for Cadmium-Plated Notched Specimen, K = 2. 
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is completed. Thus for both specimens 
fracture has taken place due to the 
separation of zones in the specimen 
which are expected to be relatively 
hydrogen free (5). Further, while the 
broken sections are modified cup-cone 
fractures, in contrast to what would be 
expected, the reduction of area (Fig. 
22(a)) is either nil or very small. This 
signifies that the indicated shear failures 
were generated in the hydrogen rich 
zones with greater ease than could be 
the failure associated with the maxi- 
mum normal stress. 

The fracture sequence is then de- 
scribable in stages as follows: 

1. Figure 22(a).—(a) A fracture nu- 
cleus obtains at or very near the speci- 
men surface; 

(6) Due to the action of hydrogen 
this nucleus is activated and grows; 

(c) The crack surface that develops 
functions as an effective stress raiser 
and strengthens the critical section in 
which it is developed. This strengthen- 
ing effect is sufficient to arrest further 
crack development in the absence of 
hydrogen; 

(d) Due to the presence of hydrogen, 
however, the crack continues to de- 
velop until it leaves the hydrogen- 
containing zone, due to mechanical over- 
loading; 

(e) Further crack development takes 
place until mechanical equilibrium is 
established. The crack then stops, and 
at this stage the internal crack has 
developed to the degree indicated by the 
granular fracture surface in Fig. 22(a); 

(f) Final failure takes place when 
hydrogen has diffused through the 


remaining intact metal to a sufficient 
degree to allow precipitation along the 
indicated shear planes of failure. This 
hydrogen precipitation is proposed to 
allow the shear failure to progress with- 
out requiring general plastic deforma- 
tion. 
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2. Figure 22(b).—(a) For this speci- 
men no surface nucleation of fracture is 
observed, while the fracture is a cup- 
cone fracture; 

(6) Fracturing has taken place after 
significant plastic strain, as measured 
by reduction of area; 

(c) The fracture is considered as 
differing but little from a normal ten- 
sion fracture; 

(d) It is proposed that fracture for 
this specimen resulted from an over- 
loading of the specimen due to the 
weakening of the outer fibers of the 
specimen through the presence of hydro- 
gen. 

When specimens containing a mild 
notch are tested after electroplating, 
behavior similar to that described for 
Fig. 22(a) may be observed (Fig. 23(a)). 
For this specimen a crack was nu- 
cleated under but close to the surface. 
The crack then developed by internal 
extension with eventual fracture re- 
sulting from the consequent eccentricity 
of loading with the development of a 
nearly continuous shear lip about the 
base of the notch. 

That the fracture nucleus may de- 
velop under the surface of the notch is 


emphasized by consideration of Fig. — 
23(b). The small independent fracture 
nuclei here present clearly do not ex- — 


tend to the surface, but, in the aggre- 
gate, have eventually promoted failure. 

From the above discussion it may be 
seen that the fractures resulting from 
crack formation due to the action of 
hydrogen arise from the interaction of a 
complexity of factors. Among these 
factors are: (a) the notch geometry, 
(b) the hydrogen distribution, and (c) 
the role of normal and shear stresses in 
leading to crack formation. 

It is evident from the discussion of 
Figs. 23(a) and (6) that mild notches 
do not function as suitable Griffith 
cracks. The fracture nuclei which origi- 
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nate at the surface in smooth and mildly 
notched specimens probably are asso- 


ciated with tool marks or inclusions. | 


Internal fracture nuclei may be asso- 
ciated with inclusions initially, and 
their growth can be likened to the de- 
velopment of “‘fish eyes’’ associated with 
hydrogen induced failures in softer 


Fic. 25.—Sustained-Load Fracture in 0.9 in. Diameter Cadmium-Plated Specimen (Note Frac- — 


ture Nucleus and Shear Lip). 


steels. However, still another potentially 
pertinent factor is the condition of tri- 
axiality of stresses. 

If a limiting condition of triaxial 
stress is required to produce fracture, 
this condition could be established by a 
suitable inclusion. It potentially could 
be established also at the cupic point® 


®In reality a subsurface ring for the type 
specimens used in this investigation. For a 
discussion of cupic points see M. M. Frocht, 
**Photoelasticity,” Vol. 1, John Wiley and Sons, 
Inc., New York, N. Y. (1941). 
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for the stress system induced by the 
notch. For sharp notches this point 
would lie close to the surface near the 
root of the notch. For mild notches this 
point would be increasingly toward the 
center of the specimen. Considering the — 
depth of hydrogen penetration im- 
mediately after plating (5), for sharp 


notches the condition of maximum © 
triaxiality would obtain in a hydrogen | 
enriched zone, while for mild notches _ 
hydrogen diffusion would be required to © 
reach this point. For a very sharp notch 
it would be difficult to differentiate be- 
tween a crack arising through extension © 
of the notch base and one which arises | 
discontinuously by separation at the © 
cupic point and subsequent extension to 
the surface. 

Examination of numerous specimens _ oy 
for shear lip development, which may be 
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taken as evidence of subsurface fracture 
nuclei formation, revealed that a shear 
lip is frequently obtained even for the 
most sharply notched specimens. From 
these data it follows that a hydrogen- 
induced shear failure regularly accom- 
panies crack formation. Such shear 
failures can be of two types, the first of 
which has already been described while 
the second is indicated in Fig. 24, which 
is a vertical section through the notch 
base of a 0.9-in. diameter specimen 
which had been loaded after cadmium 
plating. 

The stress concentration of 5 was ob- 
tained’ for this specimen with a notch 
root radius of 0.005 in. For this geom- 
etry, the cupic point lies ~r in. under 
the notch base, while a condition of 
maximum shear stress exists at the base 
of the notch and at +45 deg into the 
specimen. Hydrogen fractures are well 
developed both in the vicinity of the 
cupic point due to the action of maxi- 
mum normal stresses at this point and 
along the lines of maximum shear 
stresses. These cracks are believed to be 
of subsurface origin. 

For a specimen that generates mul- 
tiple cracks such as are presented in 
Fig. 24, it is probable that the notch 
strength modification due to the action 
of hydrogen will be relatively small. 
However, crack development can take 
place in a second way which is much 
more serious. Such crack development is 
indicated in Fig. 25. 

For the specimen in Fig. 25, fracture 
growth progressed at a maximum rate 
in the vicinity of the nucleus, which ap- 
parently was subsurface. The growth of 
the crack progressed with the develop- 
ment of the nearly semicircular ‘mirror 
surface.” A consequence of this was the 
development of progressive eccentricity 
of loading with eventual cataclysmic 
crack development from the top region 
in the photograph to the bottom. This 
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type of loading pattern, crack develop- 
ment, and fracture propagation is 
probably the most common type lead- 
ing to structural failures. 


SUMMARY 


A series of low-alloy steels heat 
treated to tensile strengths from about 
180,000 to 300,000 psi has been studied 
for susceptibility under sustained loads 
to embrittlement due to cadmium 
electroplating. Selected specimens after 
cadmium electroplating were analyzed 
for hydrogen content. The results and 
conclusions are summarized below: 

1. Hydrogen introduced into cad- 
mium electroplated specimens may be 
as high as that introduced through 
severe cathodic impregnation. The aver- 
age amount of hydrogen, which varies 
with specimen dimensions, measured 
for cylindrical creep-rupture cadmium- 
plated specimens was ~2.5 ppm. 

2. By a suitable adjustment of the 
applied load, all steels for all strength 
levels examined can be made to fail 
under sustained loads by cadmium 
plating. 

3. The susceptibility of a steel to 
sustained load failure after cadmium 
plating depends on the severity of the 
notching conditions and on the metal- 
lurgical structure of the steel. The steels 
studied fall into two groups, one of 
which is comprised of steels which be- 
come increasingly insensitive to the em- 
brittling action of cadmium plating 
with increasing tempering temperature, 
while the second is made up of steels 
which possess maximum insensitivity 
at intermediate tempering temperatures. 
The first group of steels is silicon dilute; 
the second is silicon rich. 

4. While all steels studied can be 
made to fail in sustained load after 
cadmium plating, steels possessing high 
resistance to this embrittlement can be 
obtained to strength levels as high as 


° 


270,000 to 280,000 psi. Structural con- 
trol at these strength levels, however, 
must be ensured. 

5. It can be predicted that with an 
increase in specimen size, susceptibility 
to sustained-load failures should de- 
crease. The limited number of tests 
which have been completed support 
this prediction. 

6. Sustained-load failures result prin- 
cipally from the formation of cracks due 
to the action of electrodeposited hy- 
drogen. Crack formation, however, is a 
complex phenomenon, and the experi- 
mental conditions may be such that 
crack nucleation 


may be sur- 

face or subsurface phenomenon, while 
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Mr. S. L. Hoyrt.'—At Battelle Memo- 
rial Institute we did quite a little work 
some years ago on cracking and retained 
austenite. This was traced to retained 
austenite and its slow transformation 
which resulted in the release of hydrogen 
under very high pressures and produced 
the underbead crack. That happened 
either in the normal course of welding 
with the E 6010 cellulosic type of elec- 
trode, or by heat treating a piece of steel 
to retain a certain amount of austenite, 
and then charging it with hydrogen at 
room temperature. The latter would re- 
peat the performance of underbead 
cracking. 

, Those experiments we thought were 
rather definitive in bringing out the rela- 
tionship between retained austenite and 
delayed cracking. At about that time, Mr. 
Higgins, an English metallurgist, was in 
this country, and I discussed this with 
him. He had performed an experiment 
which consisted in hardening, quenching, 
and tempering an alloy steel of the type 
that has been described here, and then 
loaded it at-a fairly high stress. After some 
delay, cracking developed. He said that 
was due, like underbead cracking, to the 
delayed transformation of austenite and 
the precipitation of hydrogen from it. 

The object of my discussion is to raise 
that question to see if that has been taken 
into consideration in this work and, if so, 
to what extent the authors ascribe their 
results to retained austenite; or on the 


1 Metallurgical Consultant, Battelle Me- 
morial Institute, Columbus, Ohio. 
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other hand, if they have seen to it that 
their test specimens were free from re- 
tained austenite so that it is not relevant 
to the presentation. 

Mr. E. P. K rer (author) —We have 
not determined the amount of retained 
austenite present in the steels after heat 
treating. Other investigators have shown, 
however, that the amount of retained 
austenite in steels of the types studied in- 
creases as the silicon content increases. 
This would seem to argue against the hy- 
pothesis of cracking advanced by Mr. 
Hoyt. 

Mr. J. M. Hopce.*—There is a ques- 
tion in my mind, as I look at these re- 
sults, as to what extent these results 
reflect the sensitivity to hydrogen em- 
brittlement or a change in basic tough- 
ness or resistance to brittle fracture. I 
know that you find that lowering the car- 
bon, or increasing the silicon, both seem 
to increase this resistance to hydrogen 
embrittlement with which you are con- 
cerned. These also both increase the basic 
toughness of the material. 

Furthermore, increasing the silicon 
permits using lower carbon to obtain the 
same strength level; so that, in general, 
when you are speaking about higher sili- 
con levels, you are at the same time 
speaking about lower carbon contents, 
because at these higher silicon levels 
lower carbons are used to get the same 
strength level. 

I would like some comment on this 


2? Research Consultant, Steel Product De- 
velopment, U. 8. Steel, Applied Research Lab- 
oratory, Monroeville, Pa. ial) 


question as to whether you are evaluat- 
ing the basic sensitivity to hydrogen em- 
brittlement or a basic toughness. 

Mr. Kiier.—It is our belief that the 
silicon added to certain of the steels does 
lead to an increased resistance to hy- 
drogen embrittlement. On the other 
hand, a reduction in carbon content leads 
to increased notch toughness. At this 
time we are not able to present a mech- 
anism for hydrogen embrittlement in 
terms of these two factors for our results. 
We do have certain data bearing on this 
question but analysis is not at present in 
final form. 

Mr. Stuart V. ARNOLD.*—I was won- 
dering whether the time dependency of 
the embrittling action would not argue 
against transformation of austenite to 
martensite as an explanation. I believe 
that such transformation is not time-de- 
pendent. 

Mr. Kiter.—We believe that in a gen- 
erally accepted sense Mr. Arnold’s state- 
ment is correct. However, Mr. Hoyt, we 
believe, has in mind a specific mechanism 
of hydrogen embrittlement based on 
martensite formation through the ac- 
tion of stress. This possible mechanism 

should, therefore, be considered, but as 
is indicated above, we do not think that 
it is the mechanism operative in the pres- 
ent instance. 
Watter Beck? (by letter)—The 
author states that: “The plate thickness 
was from 0.25 to 0.5 mils.” Does 
that signify a stray in the thicknesses of 
the platings measured on the notched 
specimens or were the specimens plated 
with cadmium to various thicknesses in a 
range between 0.25 to 0.5 mils? 

With reference to the author’s state- 

‘ment: “For specimens with a notch root 


3 Staff Advisor, Watertown Arsenal, Hing- 
ham, Mass. 

4Head, Surface Treatment and Corrosion 
Branch, Aeronautical Materials Laboratory 
Naval Air Material Center, Philadelphia, Pa. 
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radius of 1 mil or less, a cadmium plate 
was not obtained to the base of the 
notch,” according to our experience, 
which is in good agreement with that of 
the Naval Research Laboratory, it should 
be possible to cover a notch root radius of 
1 mil with a homogeneous plating of cad- 
mium from the cyanide bath. What was 
the technique used for the plating of 
notches? 

The possibility should be taken into 
consideration that hydrogen is also ab- 
sorbed in the cadmium electroplate. Was 
the specimen which was subjected to hy- 
drogen extraction stripped prior to start- 
ing the analysis, or analyzed with the 
cadmium plating on it? 

With reference to the author’s state- 
ment that “Hydrogen introduced into 
cadmium electroplated specimens may be 
as high as that introduced through severe 
cathodic impregnation,” was the un- 
plated specimen impregnated with hy- 
drogen from a sodium hydroxide solu- 
tion containing the strong poison, sodium 
cyanide, or treated cathodically in a pure 
sodium hydroxide solution? 

Mr. Kirer.—Mr. Beck has raised a 
number of questions to which I submit 
the following comments: 

1. This is a statement of the accuracy 
to which we have reported the measure- 
ments. Our plating conditions were held 
constant within reasonable limits as we 
understand them, and thickness was 
checked only periodically. 

2. Notched specimens were plated 
using the same set-up as was employed 
for the smooth specimens. We do not 
question that the notch base for the 
sharpest notches can be plated, we point 
out only that in the present tests this did 
not take place. 

3. The plating was not removed. 

4. We had in mind results measured 
on specimens prepared for us under Mr. 
Beck’s supervision. We understand that 
no poison was used. 
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Messrs. E. P. Kurer, B. B. Muvot, 
GEorGE Sacus (authors’ closure).— 


In the discussions of our paper references 
have been made repeatedly to funda- 
mental questions of vast importance. It 
has not been possible for us to present our 
work in such a way that the very general 
frame of reference required for discus- 
sion of these questions in the paper would 
have been justified. Of especial impor- 
tance are the questions pertaining to the 
mechanism of hydrogen embrittlement. 
It has been proposed by Mr. Hodge that 
hydrogen embrittlement, as we have 
studied it, may perhaps better be called 
a study of notch toughness. It is our be- 
lief notch toughness is the property that 
we must be most concerned about, and 
we have discussed this matter at con- 
siderable length elsewhere. However, the 
subject of notch toughness in its various 
ramifications is very complex, and it is 
not possible to discuss this subject satis- 
factorily at the present time. On the 
gther hand, it is in order to point out 
that the quantity “‘notch toughness” is 
becoming a regularly “‘suspect”’ factor in 
any fracture problem, regardless of the 
origin of the fracture. 

Much work has been done in estab- 
lishing the mechanism whereby hydrogen 
causes fracture initiation. For the most 
part, it has been assumed that hydrogen 
precipitates and through pressure build- 
up causes rupture of the metal structure. 
We do not believe that this mechanism 
is operative, rather, we suggest that the 
hydrogen precipitates in a form which 
might be likened to a metastable iron- 
hydrogen phase which has low strength. 
The embrittlement action of the hy- 
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drogen is effected on a micro- as opposed 
to a macro-scale. 

The mechanism whereby hydrogen is 
introduced into the specimen is not at 
present satisfactorily known. It would 
appear that the most important time 
period for hydrogen introduction is at 
the start of plating—before the plate be- 
comes continuous. Hydrogen entrapped 
in the plate would be unimportant in 
leading to embrittlement. In a notched 
section, the hydrogen content at the base 
of the notch determines fracture be- 
havior. At the present time, this hydro- 
gen content can only be assumed to equal 
that at other locations on the specimen 
surface. Diffusion rates must be known, 
and as they exist in stress and strain 
gradients for different alloy compositions 
and microstructures. 

It is our belief that hydrogen embrit- 
tlement can be understood only when the 
phase relations in the iron-hydrogen sys- 
tem are adequately known; plus how 
these relations vary with composition, 
and how hydrogen diffuses under the con- 
ditions of hydrogen embrittlement. Our 
work in these various areas is limited in 
that we have concentrated our effort at a 
fundamental level into establishing the 
structures of iron-hydrogen alloys. Our 
results indicate that the structure in cer- 
tain iron alloys with hydrogen, in which 
the hydrogen has been introduced at ele- 
vated temperatures, is not homogeneous. 
Rather, the hydrogen is distributed in 
lamellar form in both austenite and fer- 
rite. We have not as yet established the 
distribution of hydrogen introduced dur- 
ing electroplating. 
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In structural design, an adequate 
margin of safety must be provided 
against brittle (catastrophic) fracture. 
In general, designers attempt this in 
one of three ways: (a) by removing 
= features of design or fabrication 


_which are known to give rise to stress 
concentrations and 


notches; (6) by 
requiring inspection (visual, magnetic 
particle, and/or X-ray) to assure that 
inadvertent defects from which frac- 
ture may originate will be eliminated; 
or (c) by specifying a minimum notch 
toughness at the lowest anticipated 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

+ The opinions or assertions contained in this 
paper are those of the authors and are not neces- 
sarily to be construed as official or reflecting the 
views of the Department of the Army. 

1 Mechanical Engineer and Physical Metal- 
lurgist, respectively, Watertown Arsenal Lab- 
oratories, Watertown, Mass. 
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THE LOW-BLOW TRANSITION TEMPERATURE®*: ¢ 


By GEorRGE M. OrNER! AND E. 


SYNOPSIS 


An easily in the or testing 
impact specimens has been developed which permits a separation of the crack 
initiation and crack propagation stages of the fracture process. The technique 
requires “initiation” of a crack by means of a low-energy blow and propaga- 
tion of the crack by a full-capacity blow of the impact-machine pendulum. The 
transition temperature so obtained has been demonstrated to be independent 
of specimen size, notch geometry, and other test variables; thus, it is con- 
sidered to be a material property, having practical engineering significance. 
The low-blow transition temperature is believed to be the maximum temper- 
ature at which an initiating crack can become self-propagating in a thick plate 
(where the energy required to produce shear lips is small compared with the 
elastic energy available for crack propagation). 
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service temperature. Of these three 
approaches, the third appears to be 
essential for critical applications be- 
cause no matter how good the design 
or how thorough the inspection, it is 
virtually impossible to eliminate all 
forms of notches and defects in practical 
fabricated structures. 

The British Admiralty Advisory Com- 
mittee on Structural Steel has pointed 
out two schools of thought in this con- 
nection (1).2, One school holds that 
materials should be sufficiently notch- 
tough so that a brittle crack will not 
initiate under service conditions even 
in the presence of the stress-raising 
defects which are nearly always present 
in welded structures. The second school 
of thought holds that the conditions 

2? The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 634. 
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for initiation are unavoidably present in 
all practical structures, and that, there- 
fore, the essential requirement is that 
under service conditions of stress and 
temperature the material should not 
propagate a crack in a brittle manner, and 
that safety can be insured only by choos- 
ing steel capable of resisting brittle 
crack propagation at the minimum 
service temperature. 

The British point out that the condi- 
tions of temperature and stress re- 
quired to initiate brittle cracks are 
considerably more adverse than those 
required to keep cracks propagating. 
Therefore, the first school believes that 
the prevention of fracture initiation 
under service conditions is the best 
economic approach to the problem. 
However, it is the observation of the 
writers that the maximum temperature 
at. which brittle crack initiation can 
occur is in fact generally higher than 
that required for brittle crack’ propa- 
gation. Cleavage crack initiation is 
essentially a local phenomenon resulting 
from a pile-up of dislocations within a 
single grain or from the hydrostatic 
tension produced by strain concentra- 
tion at a gross defect, and so on. Such 
local stress conditions can be much more 
severe than the over-all conditions 
prevailing throughout the structure. 
Moreover, the Charpy specimen itself 
contradicts -the idea that the maximum 
temperature at which a brittle crack will 
keep propagating is higher than that 
associated with the initiation of cleavage. 
In V-notch Charpy impact testing, 
constraint and strain rate are usually 
sufficient to initiate cleavage at tempera- 
tures considerably above that at which a 
brittle crack will become self-propagat- 
ing (propagated by the release of elastic 
strain energy in the material surround- 
ing the crack). This is evidenced by the 
fact that in most steels the onset of 
cleavage (that is, the highest temperature 
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at which crystallinity is observed in 
the Charpy fracture surfaces) occurs 
at the temperature at which the energy 
values start to fall off, whereas self- 
propagating fracture does not occur 
until a temperature is reached which 
corresponds to a relatively low energy 
level. 

Thus, to insure that brittle cata- 
strophic failure will not occur, the struc- 
tural engineer must specify a material 
that will resist self-propagating cleav- 
age at the lowest anticipated service 
temperature. 

As an outgrowth of a long-range 
program to evaluate and improve the 
Charpy impact test, a technique has 
been developed which permits the deter- 
mination of the maximum temperature 
at which a crack can become self- 
propagating. The following report pro- 
vides a summary description of the 
development of the technique (the 
low-blow technique). Readers who want 
more detail or who want to see addi- 
tional plots of data are referred to the 
individual references upon which this 
summary report is based. 

THe Low-BLow TECHNIQUE 
What Is Accomplished? 

The crack initiation and crack propa- 
gation stages of fracture are separated 
by the technique. 

Using a basic concept of transition 
temperature, the technique permits 
one to determine a crack propagation 
transition temperature that is essentially 
independent of notch and specimen 
geometry. Thus, by means of the low- 
blow technique, standard V-notch and 
keyhole Charpy specimens indicate the 
same transition temperature. 

Adiabatic temperature rise effects 
associated with the crack initiation 
stage of fracture are essentially elimi- 
nated in so far as they affect brittle 
crack propagation. The effects of adiaba- 
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tic temperature rise, although frequently 
overlooked, are thought to be highly 
significant in Charpy testing. They 
are considered to be responsible in large 
part for the temperature displacement 
between the V and keyhole notched 
Charpy transition curves as obtained 
by the conventional (single blow) 
method. 
Procedural Considerations: a 


Concept.—Orowan (2) has suggested | 


that one may differentiate between 
ductile and brittle fracture by noting 
the manner in which the initiating crack 
is propagated; a brittle fracture crack 
is propagated by continuous release of 
the elastic stress field surrounding the 
crack, whereas a ductile fracture crack 
requires plastic deformation work for 
its extension. The research summarized 
in this paper is based on this concept. 
The work was undertaken with the 
objective of developing a technique for 
determining the maximum temperature 
at which brittle (that is, self-propagat- 
ing) cracking can occur. 

Slow Bend—The application of Oro- 
wan’s concept to slow-bend testing 
was accomplished by noting the highest 
temperature resulting in sudden and 
complete fracture at maximum load, 
that is, zero energy after maximum 
load. The choice of maximum load as a 
focal point was based on an experimental 
observation by Raring (3), namely, that 
the start of crack propagation in the 
thickness direction of a V-notch Charpy 
slow-bend bar coincides with the maxi- 
mum in load as determined from the 
load deflection diagram. Thus, based 
on the concept that ductile fracture 
requires plastic deformation work to 
propagate the initiating crack, speci- 
mens absorbing zero energy after maxi- 
mum load were considered brittle. The 
highest temperature permitting such 
fracture was taken as the transition 
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It should be noted, however, that when 
complete brittle fracture occurs at the 
onset of cleavage, the transition tempera- 
ture so determined has little significance. 
This is true for both slow bend and im- 
pact tests. For example, in the case of 
high purity low carbon iron, the transi- 
tion from high to low energy values is 
precipitous, with brittle fracture oc- 
curring at the onset of crystallinity 
in the fracture surface. Thus, it appears 
that constraint and strain rate in the 
standard V-notch Charpy specimen are 
not sufficient to initiate cleavage in such 
a steel until the testing temperature is 
lowered to a value below that at which 
cleavage propagates catastrophically. 
In such a case, the transition tempera- 
ture is associated with initiation rather 
than propagation of cleavage. Because 
initiation of cleavage is highly de- 
pendent upon specimen geometry and 
strain rate, such a transition is not con- 
sidered significant. Cleavage crack propa- 
gation, on the other hand, is independent 
of these variables in that once a crack 
is propagating as cleavage the strain 
rate is very high and propagation is 
unaffected by specimen geometry except 
in the immediate vicinity of the free 
surfaces. 

In any test intended for determining 
brittle-propagation transition tem- 
perature, the initiation of cleavage 
(crystallinity in the fracture surface) 
must occur at a temperature above the 
crack propagation transition in order 
to insure that the transition observed 
is not associated with initiation. Once a- 
cleavage crack is initiated in a given 


test specimen, the strain rate and stress 5 


state associated with the dynamic front 
of the natural crack overshadows the 
effect of the machined notch, the speci- 
men geometry, the rate of loading and, 
in fact, all of the test variables involved 
in the particular test except tempera- 
ture. Because the initiation of cleavage 
is facilitated by high rates of loading, 
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the slow bend testing was abandoned 
in favor of impact to assure that cleavage 
cracking would be initiated in structural 
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Curves for Standard Keyhole and V-Notch 
Charpy Specimensin a Quenched-and-Tempered 
Class 90 Steel. 

The open circles (O) represent energy-to- 
fracture with a single full-capacity blow; the 
solid circles (@) represent the energy required to 
propagate the “low-blow-initiated” crack. Note 
that the low-blow transition temperature (cor- 
responding to the inflection in the latter curves) 
occurred at —80C for both notch types. 


steels above the temperature at which 
propagation occurs under the action 
of the elastic strain energy. 

Impact—The application 
wan’s concept to impact 


of Oro- 
testing is 


HARTBOWER 


accomplished by the use of multiple 
blows against the standard Charpy 
specimen (5). The first blow consists 
of a low-energy blow of sufficient magni- 
tude to produce a crack at the apex of 
the machined notch, thus providing 
the “initiating crack.” The specimen 
is then fractured in the impact machine 
using the full capacity of the pendulum. 
In other words, having introduced 
the initiating crack by means of a low 
blow, the specimen is tested in the 
conventional manner. The crack propa- 
gation transition curve is obtained by 
plotting the energy absorbed under 
the full-capacity crack-propagating blow 
versus temperature. An abrupt in- 
flection in the low-energy range of this 
curve is taken to signify the onset of 
self-propagation for reasons discussed 
in following paragraphs (Fig. 1) (6). 

The Initiating Crack—As stated pre- 
viously, determination of the brittle 
crack propagation transition in struc- 
tural steels requires cleavage crack 
initiation above the highest tempera- 
ture at which cleavage can propagate 
freely. It is the function of the low blow 
to perform the plastic deformation work 
which necessarily precedes cleavage 
crack initiation. Thus, at and even 
somewhat above the low-blow transition 
temperature, cleavage is initiated in a 
recooled specimen by the higher velocity 
full capacity second blow without fur- 
ther appreciable plastic deformation. 

It is stressed that cleavage is not 
initiated by the low blow. Moreover, 


$In the initial development work, transition 
behavior was evaluated by plotting the differ- 
ences between lateral-expansion measurements 
taken before and after the crack-propagating blow 
versus temperature. The use of lateral expansion 
was suggested by the simple relationship that 
exists between it and energy and the obvious con- 
nection between lateral expansion and plastic- 
deformation work. However, it was later found 
that plots of energy versus temperature provided 
the same transition temperature as deformation 
versus temperature when using the low-blow 
technique (6). 
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— Fic. 2.—Ink Staining Resulting from Impact with 12 and 25 ft-lb Low-Energy Blows on Standard 
Vv Notch. Specimens in a 3.3 per cent Nickel Steel. 
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it is emphasized that the ductile low- 
blow-initated crack is not analogous 
to a machined notch of extreme sharp- 
ness. Flebeck and Orowan (7) have 
shown that cleavage cannot be initiated 
without copious local plastic deforma- 
tion from even an “atomically” sharp 
arrested brittle crack. The ductile low- 
blow-initiated crack is believed to be 
more effective in initiating cleavage 
than an arrested cleavage crack because 
of the triaxial stresses (that is, hydro- 


static tension of plastic constraint) 
generated as a result of the deformation 
of a comparatively large volume of 
metal at the tip of the ductile crack. 
The volume of deformed metal at the 
tip of an arrested cleavage crack, on 
the other hand, is small and is therefore 
less effective in raising the flow stress 
to the cleavage fracture level. 

In impact, the extent of the initiating 
crack is a function of the magnitude of 
the low blow used. 
as to the effect of small variations in 


This raises questions 


the initiating crack on low-blow transi- 
tion temperature determinations. In 


other words, if the “initiating crack” 
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is shallow or extends an appreciable 
distance through the specimen, will 
the test results be significantly affected? 
Tests indicate that a variation in the 
extent of the initiating crack in a given 
steel is not critical providing the low 
blow is sufficient to produce a well- 
defined ink-stained crack.‘ If the crack 
is too small, a large amount of plastic 
deformation work is required in some 
steels to initiate cleavage cracking when 
the second full-capacity blow is struck 


and, therefore, adiabatic temperature 
rise and other effects may result in a 
fictitiously low transition temperature. 
However, when the crack-initiating low 
blow is increased somewhat over that 
necessary to produce perceptible ink 
staining, the transition temperature 
is raised only slightly, if at all. For 
example, in the case of one steel, when 
the magnitude of low blow was varied 
(8, 12, 15 and 25 ft-lb), the low-blow 


‘India ink containing 10 to 20 per cent by 
volume of Kodak Photoflo solution as a wetting 
agent is used as a stain to determine the presence 
and extent of the initiating crack. Twenty-four 
hours at room temperature is allowed for the 
ink to dry. 
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transition temperature was essentially 
constant (—90, —80, —80 and —70C, 
respectively) (8). The low-energy blows 
of 12, 15 and 25 ft-lb produced ink 
staining in this particular steel, whereas, 
the 8 ft-lb blow did not (Fig. 2). 
Temperature of Low Blow——To avoid 
possible complications in interpretation, 
in the early work the crack-initiating 
low blows were delivered at the same 
temperatures as those used for crack 
propagation. Moreover, in the early 
work, attention was focused on the 
maximum temperature at which a low 
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livering all crack-initiating low blows 
at room temperature was investigated. 
Comparisons between the low-blow tran- 
sitions obtained with the low blows 
delivered at the temperature of crack 
propagation and with low blows de- 
livered at room temperature did not 
reveal any significant differences be- 
tween the two methods (9). Thus, a 
simplification in test procedure was 
possible; having established at room 
temperature the approximate low-energy 
blow required to initiate perceptible ink 
staining, the complete set of specimens 


TABLE I.—TRANSITION TEMPERATURES. 


Transition Temperature, 
t 
Steel Condition Low Blow 
a b 

Nickel (3.3 per cent)............ Pearlitic B 82 12 —120 —80 
Sh Martensitic B99 30 — 120 —80 
Nickel (9 per cent).............. Martensitic C 21 20 y — 160 
Martensitic C 27 30 — 120 — 130 


* Based on the highest temperature permitting complete fracture as a result of the initial low 


blow. 


> Based on the inflection in the energy to propagate curve. 


blow of crack-initiating energy only 
produced complete fracture; that is, 
the crack was propagated by the elastic 
strain energy developed by the initial 
blow. It was later recognized that adia- 
batic temperature rise effects and the low 
strain ratés associated with low-energy 
blows could, in some instances, delay 
the initiation of cleavage cracking, and 
as a result fictitiously low transition 
temperatures were recorded when at- 
tention was focused on the maximum 
temperature at which complete fracture 
occurred under the low blow (see Table 
I). Therefore, the maximum tempera- 
ture at which complete fracture occurred 
as a result of the low blow was aban- 
doned as a useful criterion. Because it 
was now desirable to avoid fracture under 
the initial low blow, the effect of de- 
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are precracked by the crack-initiating 
low blow, all at room temperature. 

Criterion of Brittle Behavior—The 
early developmental work used lateral 
expansion as a performance criterion 
because it provided an indication of 
the plastic deformation work associated 
with fracture. Moreover, lateral ex- 
pansion attending the initial blow pro- 
vided a measure of the plastic deforma- 
tion work done in initiating the crack, 
and the difference between the lateral 
expansion measurements taken before 
and after the fracturing blow provided 
a measure of the work done in propagat- 
ing the crack. 

In the early work, measurements were 
made with a standard micrometer. 


Later work, using an improved measur- 


| 
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accuracy in determining lateral ex- 
pansion, revealed an abrupt change of 
slope in the low-temperature region of 
the crack propagation transition curve 
(somewhat above the temperature at 
which complete fracture occurred as a 
result of the intial low blow). The change 
of slope indicated a sudden arrest in 
the rate of decrease of plastic deforma- 
tion work with decreasing temperature. 
Plots of energy to propagate versus 


energy to propagate and the percentage 
of fibrous fracture decrease rapidly and 
almost linearly with temperature from 
the onset of crystalline fracture down 
to the temperature corresponding to 
the inflection. At the inflection tempera- 
ture, the fracture faces exhibit ductility 
at their outer edges only, where because 
of the proximity of the free surfaces 
triaxiality cannot exist; and in the center 
portion of the specimen the crack 


T 
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0.01 0.02 003 0.04 
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Fic, 3.- 
Specimens in 3.3 per cent Nickel Steel. 


The energy-expansion (X) and the energy-temperature (OQ) curves were obtained from conven- 
tional (single-blow) tests. The energy-temperature curve (@) showing an inflection point at —80C 
was obtained by the low-blow technique and represents the energy required to propagate the crack. 


Energy-Expansion and Energy-Temperature Curves from Double-Width Charpy 


-200 -I20 -80 -40 40 
Temperature, deg Cent 


Note the discontinuity in the energy-expansion relationship and that its horizontal projection cuts 
the conventional curve at approximately the low-blow transition temperature at —80C. 


temperature also showed an inflection 
point at the same temperature at which 
the inflection occurred in the deformation 
temperature transition curves. There- 
fore, a further simplification in the 
procedure was possible, namely, the use 
of energy to propagate as read directly 
from the dial of the impact testing ma- 
chine to eliminate the need for lateral 
expansion measurements (6). 

Meaning of the Inflection Point. 
Based on an examination of crack propa- 
gation data and of specimen fracture 
surfaces, it has been observed that the 


propagates entirely by cleavage. Below 
the inflection temperature, the energy 
to propagate and the area of ductile 
fracture continue to decrease propor- 
tionately, but at a lower rate. The 
decrease in energy above the inflection 
is considered to represent the decrease 
in work required to propagate the crack 
in the central portion of the specimen; 
at the inflection temperature the work 
to propagate approaches zero. Below 
the inflection, the energy registered 
on the Charpy machine is considered 
to represent elastic energy and the work 
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f, Fie. 4.—Energy-Expansion and Energy-Temperature Curves from Half-Width Charpy Specimens. 

Note that the energy level at the discontinuity in the energy-expansion relationship (Xx) corre- 

sponds to a temperature of approximately —100C on the conventional (single-blow) transition 

curve (QO), and that this temperature is considerably (approximately 20 C) below the temperature 
corresponding to the inflection in the low-blow transition curve (@). : 
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‘Fic. 5. -E nergy- Expansion and Energy-Temperature Curves from Half-Width Specimens Tested 


The energy and lateral iaeiiiiies data represent the sum of the values obtained from the low 
blow and the crack-propagating blow for each specimen. Note that the energy level at the discon- 
tinuity in the energy-expansion relationship (X) corresponds to the low-blow transition temperature 
of —80C for this steel. The effects of adiabatic temperature rise from energy absorbed during crack 
initiation were eliminated from the crack propagation stage of fracture by recooling the specimens 
before striking the second blow. 


630 
P 
Ae 
2 
12 
| 
— 
| 


required to propagate the crack in the 
areas where triaxiality cannot exist 
(at the free surfaces where shear lips 
occur). The inflection is therefore con- 
sidered to correspond to the maximum 
temperature at which elastic energy is 
sufficient to propagate a cleavage crack 
in areas where triaxiality can exist (that 
is, in the center section of the specimen 
away from the free surfaces, or in a cross- 
section of infinite dimensions). 

Evidence of the validity of the above 
hypothesis was obtained when it was 
found that four cross-sections (standard- 
depth bars with half-width, full-width, 
and double-width cross-sections as well 
as half-depth double-width specimens) 
and three notch types (standard Charpy 
V and keyhole notches and a half-depth 
V notch) indicated the same low-blow 
transition temperature (6, 9). In other 
words, the inflection point occurred at 
the same temperature for each of the 
notch and specimen geometries; thus, 
the low-blow transition temperature 
is indicated to be independent of notch 
and specimen geometry within the 
limits of notch acuity and specimen 
size investigated. 

Supporting evidence that the Charpy 
low-blow transition temperature is a 
material property, independent of vari- 
ables introduced by the testing tech- 
nique, was obtained from deformation- 
energy plots (10). The results from 
conventional (single-blow) Charpy im- 
pact tests plotted to show the relationship 
between energy and lateral expansion 
revealed an abrupt discontinuity in 
the low-energy range of the expansion- 
energy relationship (Fig. 3). The tem- 
perature, as read from the conventional 
energy-temperature curve, corresponding 
to the energy level at the discontinuity 
in the expansion-energy curve was 
observed to correlate quantitatively 
with the low-blow transition tempera- 
ture. The discontinuity in the expansion- 


energy curve is believed to occur at 
the highest temperature at which crack- 
ing becomes self-propagating (see Ref- 
erence (10) for the reasoning upon which 
this observation is based). 
Additional data showing the discon- 
tinuity in the energy-expansion curve 
for a half-width V-notched specimen 
are given in Figs. 4 and 5. Note from 
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Fic. 6.—Fibrosity-Temperature Transition 
Curves from Half-Width Specimens Tested by 
Low-Blow (X) and by Conventional Single- 
Blow (O) Techniques. 

Note that the conventionally obtained tran- 
sition curve is displaced to lower temperature 
(approximately 20C) as a result of adiabatic 
temperature rise. 


Fig. 4 that the discontinuity in the 
energy-expansion curve corresponds to 
a temperature approximately 20 deg 
lower than the temperature correspond- 
ing to the inflection in the energy to 
propagate curve. This displacement is 
considered to be due to adiabatic tem- 
perature rise occurring as a result of the 
plastic deformation work done during 
crack initiation. The fact that such a 
displacement occurred in the case of 
the half-width specimen and not with 
the standard specimen is attributéd 
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to the reduced plastic constraint and, 
therefore, greater plastic deformation 
in the half-width specimen. The data 
for Fig. 5 were obtained from tests on 
specimens identical to those used for 
Fig. 4, but tested by the low-blow 
technique in which the effects of adiaba- 
tic temperature rise were eliminated 
by recooling the specimens before the 
cracks were propagated. Note that in 
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and 5 are illustrated in Fig. 6. Note 
that there is a temperature displace- 
ment of approximately 20 deg which 
correlates with the discrepancy indi- 
cated in Fig. 4 

The fibrosity curves in Fig. 7 are 
presented to show how serious an error 
can be introduced by neglecting the 
effects of adiabatic temperature rise. 
These data pertain to standard keyhole- 
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Fic. 7.—Fibrosity-Temperature Transition Curves from Keyhole Charpy Specimens Tested by 


Low-Blow (X) and Conventional Single-Blow (O) Techniques. 


Note the large displacement between the curves at low fibrosity levels indicating the effect of 
adiabatic temperature rise in conventional single-blow tests. The solid circles (@) represent addi- 


tional data from three specimens broken with single full-capacity blows at —95 C 


; the solid square 


(®) represents data from three identical specimens that were struck low-energy blows (28 ft-lb) at 


-—95C, 


this case there is excellent agreement 
between the temperature at the dis- 
continuity in the energy »expansion 
curve and the low-blow transition tem- 
perature. Another method of indicating 
the effect of adiabatic temperature rise 
is to plot fibrosity temperature curves 
for specimens tested by both the con- 
ventional (single-blow) and the low- 
blow methods. The effects of adiabatic 
temperature rise on crack propagation 
are indicated by the temperature dis- 
placement of the two curves. Fibrosity 
curves for the specimens tested for Figs. 4 


immediately recooled to —95 C and broken with full-capacity blows. 


notch specimens in two steels, namely, 
a nickel steel requiring 14 ft-lb to ini- 
tiate a crack and a class 90 steel re- 
quiring 28 ft-lb to initiate a crack. 
Note that at a 10 per cent fibrosity 
level, displacements of approximately 
35 C and 70 C are indicated, and that 
these displacements are directly pro- 
portional to the respective crack-initiat- 
ing energy values. A question might 
be raised as to the possibility of strain 
aging as a factor contributing to the 
above displacements. In general, strain 
aging _— not be expected in steels 


! 
~ - 


of the type investigated, particularly 
in view of the temperatures involved 
and short time of storage (approxi- 
mately 24 hr at 75 F to allow the ink 
to dry before fracture). To confirm this 
observation, three class 90 keyhole 


specimens were tested in such a way as ' 


to eliminate the possibility of strain 
aging; that is, the specimens were de- 
livered the 28 ft-lb low blow at —95 C, 
immediately reimmersed in the bath 
at —95 C and then fractured within 15 
min. Three additional identical speci- 
mens were broken with single full capac- 
ity blows also at —95 C. The fibrosity 
data are plotted for all six specimens 
in Fig. 7; note that the conventionally 
impacted specimens broke with practi- 
cally 100 per cent fibrous fracture com- 
pared with only 15 per cent fibrous 
fracture for the pre-cracked specimens. 
Thus, strain aging does not appear to 
have contributed to the curve displace- 
ments in Fig. 7. 

From an engineering point of view, 
the low-blow transition temperature is 
considered to be a_ basic material 
property in that it is believed to cor- 
respond to the maximum temperature 
at which the over-all conditions of re- 
straint, strain rate, and so on at the tip 
of a propagating cleavage crack are just 
severe enough to maintain cleavage 
crack propagation in undeformed ma- 
terial.° 


SUMMARY 


The low-blow transition temperature 
may be determined by an easily executed 
variation in the standard technique for 
testing Charpy impact specimens. The 

5 It has been demonstrated that a fairly large 
volume of undeformed material exists in the 
vicinity of the neutral axis of a deformed Charpy 
specimen. See Fig. 9, Reference (6). 


advantages of using this technique are: 

1. The crack initiation and crack 
propagation stages of fracture may be 
separated. 

2. Using a fundamental definition 
of transition temperature, the technique 
permits one to determine a crack pro- 
pagation transition temperature that is 
essentially independent of notch and 
specimen geometry. Thus, by means 
of the low-blow technique, standard 
V-notch and keyhole Charpy speci- 
mens indicate the same transition tem- 
perature. 

3. By recooling the specimen before 
striking the crack-propagating blow, 
adiabatic temperature rise effects as- 
sociated with the crack initiation stage 
of fracture are essentially eliminated 
in so far as they affect brittle crack 
propagation. The effects of adiabatic 
temperature rise, although frequently 
overlooked, are thought to be highly 
significant in Charpy testing. They 
are considered to be responsible in large 
part for the temperature displacement 
between the V- and keyhole-notched 
Charpy transition curves as obtained 
by the conventional  (single-blow) 
method. 


CONCLUSION 


The test results summarized above 
and reported in detail in the various 
referenced WAL reports indicate that 
the low-blow transition temperature is 
independent of test variables and is 
therefore a material property. The low- 
blow transition is believed to represent 
the highest temperature at which self- 
propagating (catastrophic) cracking can 
occur in structural steels and is there- 
fore believed to be significant with re- 
spect to service casualties. 
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) Admiralty Advisory Committee on Struc- 
tural Steel, “Brittle Fracture Research in 
the United Kingdom,” Report No. P. 1 
(1957). 

(2) E. Orowan, 
Solids,” 


“Fracture and Strength of 
Reports on Progress in Physics, 


2 “ Physical Society (London), Vol. 12, pp. 
185-232 (1949). 

a (3) R. Raring, “The Load-Deflection Relation- 

ae ship in Slow-Bend Tests of Charpy V- 


Notch Specimens,” Proceedings, Am. Soc. 
Vol. 52, p. 1034 (1952). 

. Hartbower, “Transition Behavior in 
v- had Charpy Slow-Bend Tests,” WAL 
‘Report TR 112/87-1, May 29, 1956, Sym- 
posium on Impact Testing, Am. Soc. 
Testing Mats., p. 10 (1955). (Issued as 
; separate publication ASTM STP No. 176.) 
— (5) C. E. Hartbower, “Crack Initiation and 
Propagation in the V-Notch Charpy Im- 
pact Specimen,” WAL Report TR 112/ 
87-3, March 1957, Proceedings, Am. Soc. 
Testing Mats., Vol. 56, p. 521 (1956). 


Mats., 


- Mr. FRANCIS es- 
sence, the authors are proposing that 
V-notch Charpy specimen has an 

insufficient sharp notch and that this 
: _ deficiency be overcome by introducing a 
__ precrack. I would agree that a sharper 
notched specimen is required to make 
test At the 
“This 
isa apis significant test.” I would wish 
to further ramifications on this 
has arrived ata 


ture? As an approach to defining the 
test, have the authors tried correlating 
it to the drop-weight test ? 


! Irradiations Engineer, General Electric Val- 
lecitos Atomic Laboratory, Pleasanton, Calif. 
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Mr. Cart E. 
With regard to Mr. Brandt’s request 
that I amplify my statement that we 
believe the low-blow transition tempera- 
ture to be significant, consider definitions 
based on an arbitrarily selected energy 
level. Although ship-fracture studies have 
indicated that a 10 or 15 ft-lb energy 
level is significant to service involving 
rimmed or semikilled steel, other in- 
vestigations, particularly those of Mr. 
Pellini and his associates at the Naval 
Research Laboratory, have shown that 
full-killed and low-alloy high strength 
steels require a higher energy level at a 
given service temperature to be safe. 
In other words, a fixed energy level is an 
arbitrary criterion. With the low-blow 
technique, on the other hand, the crack 
initiation and crack propagation stages 
of fracture are separated. When the 
initial low blow is struck, a ductile crack 


HARTBOWER (author). 


ee What does it mean? What is the relz 
a tion of the transition temperature tha 


is initiated. Adiabatic temperature-rise 
effects associated with the attendant 
plastic deformation are avoided by re- 
cooling the specimen prior to the second 
(crack propagating) blow. Then, upon 
delivering the subsequent blow, cracking 
is reinitiated and propagated as cleavage 
with very little plastic deformation at 
and below the transition temperature. 
Thus, the low-blow transition tempera- 
ture is believed to be the maximum 
temperature at which self-propagating 
(catastrophic) cracking can occur. 

With regard to Mr. Brandt’s question 
as to the relation between the low-blow 
transition temperature and performance 
of actual structures, this, of course, is 
the goal of every investigator, to cor- 
relate his test with service. We hope to 
establish such a correlation in the near 
future, using materials from casualty 
ships, fractured pressure vessels, or any 
structural materials that have a history 
of service failure. We believe, based on 
the fundamental nature of the low-blow 
concept, that the test will correlate with 
service. 

Mr. Brandt inquired as to whether 
we have attempted correlation with the 
Naval Research Laboratory drop-weight 
test. We have not; however, we believe 
that the low-blow transition temperature 
and the nil-ductility transition (NDT) 
as obtained from the drop-weight test 
will correlate, provided the weld heat- 
affected zone in the drop-weight speci- 
men does not arrest the cleavage initiated 
in the crack-starter weld. Stout and his 
associates at Lehigh have published some 
test results showing that the crack- 
starter heat-affected zone may have a 
marked effect on the NDT temperature 
in some steels. In the low-blow test there 
is no weld heat-affected zone; there- 
fore, correlation can be expected only 
in those steels that do not develop a 
notch-tough heat-affected-zone micro- 


structure. 
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Mr. C. Mytonas.?—I wish to make a 
few remarks, without by any means 
wishing to minimize the value of the 
test presented here, which I think is 
basic. The tests seem to me of great 
interest because they produce the initia- 
tion of fracture from a very sharp crack. 
My first point is that, if I am not mis- 
taken, the charts shown (see Fig. 1 of 
paper) show a good correspondence of 
the temperature transition range of the 
transition curves with those of the 
Charpy V-notch specimen, but less so 
with the keyhole. Often transition temggy 
perature is defined by an energy vah 
but it may be more realistic’ to speak 
of a transition range extending between 
the temperatures of toe and heel of 
the transition curve. 

The second point is that the inde- 
pendence of the results from crack depth 
does not seem to*lend any support to 
the theories of fracture based on energy 
criteria since they predict that the aver- 
age stress at fracture should be inversely 
proportional to the square root of the 
crack length. 

The third point concerns the inter- 
pretation of the results, in particular 
about the separation of fracture initia- 
tion on the first blow and fracture propa- 
gation on the second. To my mind a 
crack has to be reinitiated every time it 
stops. Propagation of a crack is as- 
sociated with high speed of fracturing 
and the corresponding dynamic condi- 
tions which are completely different 
from the conditions prevailing during 
initiation. 

From Fig. 2 of the paper, there seemed 
to be a lot of plastic deformation on the 
remainder of the section. Did any of it 
happen during the second blow? With 
reference to that deformation, the re- 
mainder of the section was not all in a 
virgin state. Some part of it, among 
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. Fic. 8.—Strain Distribution in a V-Notch Charpy Bar After Impact With a 30 ft-lb Low Blow. 
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others the root of the notch, must have 
been prestrained by the first blow. 
Mr. regard to 
Mr. Mylonas’ first point, it is true that 
the temperature range corresponding to 
the transition from high- to low-energy 
values is approximately the same for 
the V-notch Charpy specimen when ob- 
tained by the conventional method and 
by the low-blow method. However, for 


most practical purposes, the engineer 
wants a specific temperature; to get such 
a temperature from conventionally ob- 
tained transition curves, an, arbitrary 
energy level must be used in defining 
transition temperature. With the low- 
blow technique the inflection in the 
energy-to-propagate transition curve 
gives a definite and meaningful tempera- 
ture. 

With regard to the extent of the plastic 
deformation associated with the second 
blow, a partial answer can be obtained 
by examining a series of specimens tested 
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over a range of temperature encompass- 
ing the low-blow transition. As the tem- 
perature is lowered, there is less and less 
evidence of deformation in the test 
section. Directly under the notch, there 
is always evidence of plastic deformation; 
that is, the initiating crack is always 
ductile. At and below the transition tem- 
perature, the only evidence of ductility 
in the fracture surface is shear at the 


biaxially stressed surfaces. Thus, energy- 
to-propagate values at temperatures 
below the inflection in the transition 
curve represent, in large part, the energy 
to fracture at the free surfaces. 

With regard to the extent of plastic 
deformation produced by the initial low 
blow, the accompanying Fig. 8 shows the 
distribution of strain in a Charpy speci- 
men struck a 30-ft-lb low blow. The 
material was an 0.04 per cent carbon 
steel annealed for 45 hr at 850 C after 
the low blow to promote abnormal grain 
growth in the plastically deformed areas. 
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The specimen was subsequently  sec- 
tioned, polished, and etched. Note that 
the central area was subjected to little 
or no plastic deformation by the 30-ft-lb 
blow. With a lesser blow, the undeformed 
central area would be larger; in fact there 
would be no abnormal grain growth at 
all in the section about the neutral axis. 

Mr. GeorGE M. ORNER (author).— 
One of Mr. Mylonas’ questions dealt 
with the energy required to “‘reinitiate”’ 
the crack when the second, or crack- 
propagating blow was struck. I assume 
that Mr. Mylonas had in mind the ex- 
periments of Felbeck and Orowan where 
they demonstrated that the reinitiation 
of a brittle crack was always preceded by 
copious plastic deformation the 
formation of a narrow band of fibrous or 
shear cracking. It appears that at the 
extremely high strain rates associated 
with brittle crack propagation, the micro 
deformation occurring at the tip of the 
advancing crack is sufficient to produce 
the triaxial tension necessary to maintain 
cleavage stress levels, but that at the 
low strain rates during reinitiation, much 
larger volumes of material must be de- 
formed for this purpose. In the low-blow 
test, the “initiating cracks” are ductile 
cracks, and the volume of deformed 
metal associated with the ductile crack 
is sufficiently large so that when the 
second (crack-propagating) blow is 
struck, triaxial tension initiates cleavage 
with very little, if any, additional plastic 
deformation. We believe that the triaxial] 
tension resulting from the low-blow- 
induced deformation contributes far more 
to the subsequent initiation of cleavage 
than the crack itself. 

Regarding the deformation (lateral 
expansion) noted on the compression 
faces of the specimens fractured at low 
temperatures, this deformation, or by 
far the greater part of it, occurred as a 
result of the crack initiating blow. The 
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small amount of deformation that occurs 
during crack propagation at tempera- 
tures below the transition is, we believe, 
the result of the work necessary to 
propagate the crack in the biaxially- 
stressed areas adjacent to the surfaces, 
that is, in producing shear lips. In our 
earlier work we plotted lateral-expansion 
versus temperature to obtain the low- 
blow transition, instead of plotting 
energy versus temperature. In _ these 
curves you can see exactly how much of 
the expansion occurred as a result of 
the propagating blow. This work was 
published in the December 1957 issue of 
The Welding Journal, p. 521-s. 

Mr. S. L. Hoyt* (by letter).—I be- 
lieve the results are capable of another 
interpretation to which I would like to 
call the authors’ attention. 

The first, or low blow, impact alters 
the specimen geometry and the standard 


impact is then made on a bar with a 


sharp notch. In other words, the final 
tests are made with a different notched 
bar and its effect on the behavior (energy 
absorption or ductile versus brittle break) 
or on the transition curve can be no more 
fundamental than with a test of any 
other notch geometry. 

The author’s technique is very similar 
to that used by Pellini at the Naval 
Research Laboratory when he deposits a 
brittle weld bead on his test specimen, 
and to that of the Notched Weld Bead 
Bend Test. The first deformation opens 
up a sharp crack from which point the 
behavior of the specimen depends on its 
response to the propagation of that 
crack. In other words, my interpretation 
is that the authors, instead of testing 
steel with a standard V or Keyhole notch, 
are simply using another notched bar 
with an initial crack. A large amount of 
past testing has shown that tests with 


3 Metallurgical Consultant, Battelle Memorial 
Inst., Columbus, Ohio. 
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different notches give different results, 
with no correlation between them. As 
opposed to this is the finding that after 
the low blow is given, the test bars give 
the same result. This will be considered 
subsequently. 

It seems to me that the only way to 
develop something fundamental must be 
to establish the relationship between the 
controlling properties and the behavior 
under the stress system to which the 
steel is subjected. Zaustin (1)* has re- 
cently discussed notch behavior, whether 
ductile or brittle, from this standpoint 
and he points out that it depends on the 
ratio ‘of the cohesive strength to the 
shear strength and upon the ratio of the 
normal stress to the shear stress. In 1938 
(2) I presented the same doctrine and 
developed the concept of the “match 
point” where the two ratios are equal. 
More recently (3) I showed how the 
shift in the match point as the tempera- 
ture and rate of deformation vary, or in 
the change from ductile to brittle be- 
havior, was to be understood in terms 
of the effects of those variables on the 
shear strength. That is for a specific 
notch or stress geometry. If there is a 
change in the notch, that introduces a 
new stress system with a new stress ratio, 
that, of course, changes the match point 
and the transition curve. Incidentally, 
this approach also clarifies the effects of 
temperature and strain rate. Both here 
and abroad some have held that they 
are equivalent effects and can be quanti- 
tatively related by a constant ‘factor. It 
is now clear that each exerts its effect 
individually by the way it changes the 
shear strength. The results of the low 
blow test should be viewed in this light. 

I think that what the authors ac- 
complished is the determination of the 
ability of the steel to resist crack or 


* The boldface numbers in parentheses refer 
to the list of references appended to this discus- 
sion, see p. 639. 
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fracture propagation. With the same 
notch (the crack which is produced by 
the low blow), it cannot be surprising 
that the temperature of the match points 
at about —80 C in Fig. 1 of the paper is 
not influenced by the original machined 
notch. Incidentally this phase of fracture 
propagation is complex and appears to 
require more detailed examination such 
as that of the Irwin, Kies, and Smith pa- 
per (4). 

Finally, it is fundamental in. the service 
performance of steel to understand the 
influence of notch geometry on fracture 
initiation, not just the propagation phase 
however important the latter may be. In 
numerous applications, and for economic 
reasons, steel must be used at tempera- 
tures below the match point for the sharp 
crack. The sole recourse is that of avoid- 
ing notches which will initiate the brittle 
and self-propagating fracture. I have 
recently cited a case of steel which is used 
down to — 30 F (5). An easy metallurgical 
solution would have been the use of a 
normalized, fine-grain steel with a fa- 
vorable analysis, but the cost prohibited 
it. The correct solution under the cir- 
cumstances was the use of a well-made, 
though cheaper, semikilled steel along 
with improved design and good fabrica- 
tion and inspection technique. 

Messrs. HARTBOWER AND ORNER (au- 
thor’s closure).—We would like to stress 
that the low-blow method of impact test- 
ing is specifically designed to study the 
ability of steel to resist fracture propaga- 
tion. The low-blow transition tempera- 
ture is the maximum temperature at 
which the energy required for crack prop- 
agation is less than the elastic energy re- 
leased as a result of the crack’s own 
extension. Such a crack is “‘self-propagat- 
ing” and of the catastrophic type ob- 
served in steel structures. In terms of the 
“match” point, the low-blow transition 
temperature is the highest temperature 
at which the match point is reached un- 
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der the specific conditions existing at the 
tip of an advancing cleavage crack in the 
undeformed material about the neutral 
axis of the Charpy specimen. We believe 
that, in the center of a Charpy specimen, 
the conditions of restraint and strain rate 
at the tip of a dynamic cleavage crack are 
independent of specimen geometry and, 
in fact, all test variables except tempera- 
ture. The maximum temperature at 
which cleavage cracking is initiated (that 
is, the temperature at the match point 
for the deformed material just below 
the notch) is of no consequence to the 
low-blow transition temperature deter- 
mination except that cleavage must, of 
course, be initiated at a temperature at 
least as high as the low-blow transition. 

As you suggest, the low-blow test is 
very similar to the NRL drop-weight 
test, except that it is devoid of the com- 
plicating effects of the heat-affected zone 
which in some steels may seriously de- 
press the observed transition. In either 
test the stressed material is subjected 


(1) M. V. Zaustin, “On the Necessity of Funda- 
mental and Widened Research in Strength 
of Materials,” ASTM BuLtetin, No. 226, 
Dec., 1957, p. 52 (TP240). 

(2) S. L. Hoyt, “Notched Bar Testing and 
Impact Testing,” Proceedings, Am. Soc. 
Testing Mats., Vol., 38, Part II, p. 141 
(1938). 

(3) S. L. Hoyt, “Brittle Fracture,” Symposium 
on the Effect of Temperature on the Brittle 
Behavior of Metals with Particular Ref- 
erence to Low Temperatures, Am. Soc. 
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to a propagating cleavage crack, thus 
duplicating the conditions at the tip of a 
catastrophically propagating crack in a 
service structure. In the low-blow test 
the crack propagates either by elastic 
energy with the data plotting at or be- 
low the inflection, or with difficulty re- 
quiring additional plastic-deformation 
work for its extension with the data 
plotting above the inflection. 

We agree that for many service struc- 
tures it is uneconomical to use a material 
that is capable of resisting brittle crack 
propagation at the lowest anticipated 
service temperature. In such cases, the 
only recourse is to eliminate as many © 
notches as possible and hope that brittle 
cracking does not initiate from an over- 
looked defect or from subsequent dam- 
age. However, we believe that structural 
integrity can be guaranteed only if the — 
material used for the structure is capable | 
of resisting brittle-crack propagation 
at the lowest anticipated service tem- 
perature. 
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Testing Mats., p. 133 (1938). (Issued as 
separate publication ASTM STP No. 158.) 

(4) G. R. Irwin, J. A. Kies, and H. L. Smith, 
“Fracture Strengths Relative to Onset and 
Arrest of Crack Propagation,” see p. 640, 
this publication. 

(5) S. L. Hoyt, “Notched Bar Testing—Theory 
and Practice,” Symposium on Impact Test- 
ing, Am. Soc. Testing Mats., p. 3 (1955). 
(Issued as separate publication ASTM STP 
No. 176.) 


FRACTURE STRENGTHS RELATIVE TO ONSET 
AND ARREST OF CRACK PROPAGATION* 


R. Irwin,' J. A. Kies,! H. L. 


SYNOPSIS 
The conditions of stress which control spreading ofa deeply embedded ten- 
‘sile crack are essentially those of plane strain. If the thickness of a plate con- 
a taining a through crack is small enough, crack extension is accompanied by L 
: substantial amounts of plastic thickness reduction at the leading edge of the me ; 
7 crack. A generalized plane-stress viewpoint is then applicable, and a relatively >. 
a 4 tough shear mode of fracture occurs. Methods have been developed for i 
> ¥ duplicating both the plane-strain and plane-stress conditions in laboratory = 
measurements of fracture strength G. . 
» < Observations of fracture mode, coupled with G. measurements, suggest 


that it may be possible to predict which fracture mode will occur in terms of 
the plate thickness, yield stress, and the value of G. for completely plane strain 
fracturing. The relationship thus outlined appears to be in agreement with 
the observed ductile-brittle fracture transition of low-carbon structural steel 
with reduction of temperature or with increase of stress loading speed. 
Measurements of G. , coupled with stress analysis and estimates of starting 
crack size, assist the analysis of important problems—for example, fracture of 
pressurized fuselage of commercial jet aircraft, bursting of large steam turbine- 
at generator rotors, structural vulnerability of combat airplanes, shattering of 
> transparent plastic canopies, and crack propagation in rocket engine vessels. 


Conventional procedures for preven- It may be assumed that all fractures 
tion of fracture failures are qualitative start from flaws, that cracks develop 
rather than quantitative. An approxi- from flaws at various locations and time 
mate but quantitative estimate of failure rates, depending upon local conditions, 
by general yielding may be coreg and that rapid extension of the most 
of to yield serious of these cracks initiates terminal 
owever salety ctor must 
fracture failure. If the consideration 
then be used to cover possible errors of _. pai" 
: given to flaws of greatest weakening in- 
this estimate and the chance of fracture 
fluence is limited to their statistical ef- 


failure as well. 
= fects upon strength and strength fluctua- 
___* Presented at the Sixty-first Annual Meet tions, then the calculated load-bearing 
ing of the Society, June 22-27, 1958. f 
1 Mechanics Division Superintendent, Ballis capacity must be regarded as equally 


tics Branch Head, and Fracture Section Head, yncertain. In this discussion, it is as- 
respectively, U. S. Naval Research Laboratory, 


Washington, D. C. sumed that careful study of a proposed 


structure would suggest estimates of the 
position and length of the largest cracks 
which might develop from flaws and 
stress cycling or which might be over- 
looked in inspection. A quantitative esti- 
mate of load-bearing capacity then be- 
comes possible, based upon analysis of 
conditions for rapid extension of these 
largest cracks (1).2 The measurement 
procedures which will be discussed in 
this paper are those which provide 
information needed for quantitative 
strength calculations of this kind. 
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Crack Length, 2a,in 


Fic. 1.—Net-Section Stress at Instability 
Versus Crack Length for 7075-T6. Face supports 
suppressed buckling across the span of the crack; 
plate thickness constant at 0.032 in. 


Figure 1 shows the results of various 
tests in which a central slot with jeweler’s 
hack saw extensions of the ends is used to 
represent a crack. For the tests shown, 
the applied load was simple tension 
normal to the plane of the crack-like 
flaw. The ordinate is average tensile 
stress on the net section. The abscissa is 
crack length. The size of the starting 


crack, as represented by the central slot, 
’ was kept in proportion to the specimen 


size. 
Two regimes of behavior are evident. 
For small abscissa values, the net-section 
2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 656. 
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stress changes very little. Beyond a 


certain size, the net-section stress de- 
creases in proportion to the inverse . 
square root of the starting crack length. 


A behavior of the latter type, suggesting 
applicability of a Griffith-type viewpoint 
toward fracture strength, has often been 
noted (2,3,4,5,6). 

Consider for the moment that the test 
samples represented in Fig. 1 are the 
structures whose strength is to be esti- 
mated and ask what rules should be 
followed. It must be kept in mind that a 
certain amount of plastic deformation 
generally accompanies crack extension in 
engineering materials (7,8,9). When this 
plastic deformation extends across the 
net section prior to fracture propagation, 
the supportable load can scarcely be less 
than the product of section area times 
the tensile yield stress. In this regime of 
behavior, the net-section stress capable 
of support changes little with crack 
length, because the net section acts like 
a plastic hinge or link, limiting the 
average stress to the yield stress — tensile 
stress range (10). 

However, as the starting crack in- 
creases in size, the plastic strain zone 
does not increase in proportion (8,11). 
Thus a second regime of behavior exists 
in which the plastic strains are limited, 
say, to less than half the span of the net 
section. In this regime, the magnitude of 
the net-section average stress decreases 
toward zero with an increase of the ab- 
scissa in Fig. 1. 

The nature of the reduction of net- 
section stress with increase of crack 
length in the second regime suggests that 
the supportable load could be calculated, 
neglecting plastic strains, since either a 
modified Griffith theory (8,12) or a notch 
stress concentration viewpoint (13,14) 
would predict the observed proportion- 
ality of net-section stress to inverse 
square root of crack length. It is apparent 
that an elementary approach to predic- 
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tion of the tensile failure of the model 
structure just discussed requires two 
complementary viewpoints: (1) the ex- 
tension of plastic deformation across the 
net section, neglecting crack growth, and 
(2) the extension of a crack across the 
net section, neglecting plastic deforma- 
tion. We are primarily concerned with 
the second viewpoint. To estimate the 


tensile load necessary to cause fracture 


propagation, we need strength measure- 
ments by means of which the crack 
extension process can be related to the 
surrounding stress field. 
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leading edge of an internal free surface 
representing a crack. A Z-axis perpen- 
dicular to the plane of the figure is not 
shown. If we assume that the resolved 
shear stresses on the plane of expected 
crack extension are zero, then for a point 
A close to the crack edge the stresses are 
given by the following equations taken 
from reference (4): 


6 
4 =K cos — . (3) 
— | v(oy + oz), (plane strain)............ (4) 
o. = 0, (plane . (5) 


Fic. 2.—Two-Dimensional Crack Showing «x, 
y, r, and @ Coordinates. 


GENERAL REQUIREMENTS FOR THE TESTS 


The nature and requirements of 
strength measurements can be under- 
stood in terms of the stress field near the 
end of a crack. In the elementary view 
adopted here, at first only the stress 
field is considered, neglecting plastic 
strains. Equivalently, one may assume 
that the plastic strains are confined to a 
small fraction both of the crack length 
and of the unbroken net section. The 
establishment of this situation experi- 
mentally is assisted by the fact that 
during crack growth the region of large 
plastic strains close to the leading edge of 
a crack does not expand in proportion to 
the crack length. 

Figure 2 shows a system of the rec- 
tangular axes XY and Y and a system of 
the polar coordinates r and @ at the 


. 


In these equations, the coordinates r 
and @ are as shown in Fig. 2, and p is 
Poisson’s ratio. There are only two 
parameters, K, and o,,, through which 
the stress field near the leading edge of 
the crack is related to applied loads, 
crack length, and test structure shape. 
Experiments, for example those reported 
in this paper, have shown that the crack 
extension process is quite sensitive to a 
plane stress to plane strain shift in 
the stress environment. However, the 
amount of uniform stress parallel to the 
crack surface represented by the param- 
eter oo: is of minor importance. This 
has been confirmed by a limited number 
of trials.2 Thus the crack extension 
process is primarily controlled by the 
value of ® and by the effective degree of 
plane strain. 

The selection of the stress intensity 
factor K as the dominating stress field 


*’ Data pertaining to these trials are still in- 
complete. 
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parameter is closely related to two well- 

. known concepts of fracture strength: the 
Griffith crack theory (15) and the Neuber 
plastic particle concept (13). Regarding 
the Griffith theory, it has been shown 
(16) that 


K2 

S= . (1 — v?), (plane strain)........ . (6) 

\ 

and 

C= rx (7) 


where £ is Young’s modulus and G is the 
rate of release of strain energy with 


Fic. 3.—Right Half of Notched Bar Subjected 
to Bending by Forces Acting at Three Points. 


In the Griffith theory, crack propaga- 
tion was assumed to take place when 
the value of G became larger than twice 
the surface tension. In this paper, the 
basic assumption is more general. The 
parameter G is the force conjugate to 
time rate of crack extension (4,17). We 
assume only that the fracturing process 
is progressive and that the response in 
terms of speed of crack extension to an 
applied crack extension force G may be 
learned from experimental observation. 

Consider next the Neuber plastic- 
particle concept (13). Neuber suggested 
that, after some plastic straining at the 
root of a sharp notch, the notch stress 
concentration factor might be calculated 
on the basis of an average value of the 
elastic theory stress through the de- 
formed region, rather than on the basis 
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of the maximum stress at the root of the 
notch. Applying this concept to a region 
of deformation beyond the edge of an 
internal free surface representing a crack, 
one finds from Eq 1, with @ equal to 
zero, 


so that ss 

K = (9) 

i 
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o— 160X40X1985in 
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Fic. 4.—Reciprocal of Spring Constant, 1/M, 
as a Function of Notch Depth a. 


Here the deformed region, the Neuber | 
plastic particle, is assumed to extend a 
distance ¢ beyond the edge of the internal © 
free surface. 
Another contact of the present analysis — 
with the work of Neuber is obtained by — 
noting that in all of Neuber’s expressions 
for maximum stress ¢,, at the notch root, | 
the product of o» by the square root of > 
notch root radius p approaches a finite 
non-zero value as p approaches zero. For | 
a notch of very small flank angle, one 
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may note that the relation of this limit to 
K is given by 


lim /1 - 


The experimental investigation of 


a crack propagation in terms of K- or G- 


values for practical strength calculation 
purposes is simplified by the fact that 
the speed of crack extension is quite 
sensitive to the magnitude of the applied 


50 x 10% A=Theoretical Values 
from Winne & Wundt (6) + 
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Fic. 5.—Theoretical and Measured Values of 
(d/da)1/M as a Function of a/d for Notched 
Aluminum Alloy Bars as Shown in Fig. 3, with 
d = 2 in. and 6 = 8 in. The left-hand vertical 
coordinate applies to the left-hand graphs, the 
right-hand coordinate to the right-hand graphs. 


crack extension force. It has been the 
authors’ experience that the critical 
values K, and G. characterizing onset of 
rapid crack extension can be determined 
with a precision similar to ‘that with 
which one can measure the critical yield 
stress characterizing onset of rapid 
plastic yielding. 

The essential fracture strength meas- 
urement requirements from the preced- 
ing discussion are: 

1. In order that the stress field en- 
vironment of the advancing crack edge 
be approximately given by elastic theory 
equations, the test should be such that 
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the average net-section stress is sub- 
stantially less than the yield stress. 

2. The test procedure must permit 
knowledge of G (or K) as a function of 
load and crack length from theoretical or 
experimental stress analysis. 

3. Crack length and load at onset of 
rapid fracturing must be observed 
inferred from other measurements. 


NoTcHED BEND Bars 


Figure 3 shows a notched bar under a 
bending load as used by the authors of 
this paper. In the closely related notched 
bar bend tests discussed by Lubahn and 
Yukawa (18) and by Winne and Wundt 
(6), the central load 2P in Fig. 3 is divided 
and applied at two points. Values of G. 
were reported by Winne and Wundt, 
based upon a theoretical procedure (19) 
to determine the applicable stress anal- 
ysis. In the present paper, an equivalent 
experimental procedure is used. 

The relation of the load to the values 
of G was shown in reference (1) and (20) 
to have a simple form in terms of the 
change with crack depth of the spring 
constant per unit thickness. If the ap- 
plied load per unit thickness is 2P and 
the elastic displacement of the position 
of load application is e, then 


where M is the spring constant per unit 
thickness. It was shown (20) that 


1 df{i1 
G = - (2P)? 
. 2 du \M 


Using calibration bars of 


- (12) 


7075-T6 


aluminum, measurements of - were 


M 

made for a series of notch depths a. The 
notch root was machined to a radius of 
about 0.008 in. Loads were held well 
below those needed for crack initiation at 
the root of the notch. The results are 


shown on Fig. 4. By curve fitting, values 
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of the slope (5: iz as a function of a 
were obtained. These are shown as curves 
B on Fig. 5. Theoretical values of this 
function for an approximate stress anal- 
ysis for notched bars under four-point 
loading were obtained from Fig. 16 of 
reference (6) and are shown for com- 
parison as curves A in Fig. 5. Bueckner’s 
theoretical estimates for three-point 
loading are also indicated. Although 
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Fic. 6.—Critical Crack Extension Force Val- 
ues as a Function of Reciprocal Plate Thickness. 


the experimental procedure based upon 
spring-constant measurements requires 
high precision, careful work can be ex- 
pected to provide a trustworthy rela- 
tionship between applied load and G- 
value. 

Figure 6 shows results of measure- 
ments of G. for two aluminum alloys and 
for steels cut from two large forgings. 
Except for the lower graph, the bend 
test procedure illustrated in Fig. 3 was 
employed. The results for increase 
with the reciprocal of the test bar 
thickness B, as do the G. values from 


7075 -T6 (Notch Bend) 


reference (6) shown in the lower graph. _ 
As the thickness of the test bar is re- | 
duced, the zone of plastic strains at the © 

sharp root of the notch receives less sup- _ 


and tends to expand, with a consequent 
increase of the fracture work rate G.. 
Only a small part of the possible increase 
of fracture toughness with decrease of — 
test plate thickness is shown in Fig. 6. 
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Fic. 7.—Typical Load Deflection Curves for 
7075-T6 and 2024-T3 Aluminum Alloys During 
Tests of Specimens as Shown in Fig. 3. 


Bend tests of the type shown are a 
convenient procedure for measuring G. 
under the plane strain conditions as- 
sociated with large test plate thickness. 
Figure 7 shows two load-displacement 
records for typical bend tests. As loading 
proceeds, plastic strains occur at the root 
of the notch. In the regions of largest 
tensile stress, and with the aid of local-— 


free surface connection to the notch root. 
Whether the plastic strain zone at onset _ 
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of rapid fracture is small enough so that 
a stress analysis may be assumed ap- 
plicable which neglects plastic strains 
can be judged by comparing the relative 
sizes of the elastic and inelastic portions 
of the load-displacement record. For the 
7075-T6 record shown in Fig. 6, prior to 
the sharp load drop at first crack propa- 
gation, the amounts of inelastic displace- 
ment were small enough to permit 
straightforward determination of a G. 
value. However, the amounts of slow 
crack development and plastic strain 
prior to crack propagation, particularly 
for the 2024-T3 test bar, were considered 
large enough to warrant a crack-depth 
correction procedure. 

The G value characterizing the stress 
field surrounding the crack extension 
process is influenced not only by deepen- 
ing of the crack from crack growth at 
the notch root but also by stress relaxa- 
tion in the associated zone cof plastic 
strains. One may observe in Fig. 6 that 
the spring constant or slope cf the load- 
displacement record prior to crack ex- 
tension was less for the 2024-T3 test bar 
than for a calibration bar with a rela- 
tively blunt notch of equal depth. Using 
the curve shown in Fig. 5, the effective 
crack depth a was found which corres- 
ponded to the apparent spring constant 
for large loads as indicated in Fig. 6. In 
the seats for aluminum shown in Fig. 6, 
the G. values were calculated using this 
eflective or corrected notch depth. With- 
out this correction, the results for 2024- 
T3 aluminum would have shown a less 
pronounced upward trend with decrease 
of bar thickness. A more accurate experi- 
mental determination of effective crack 
depth is possible using procedures such as 
those discussed by Trimble (21). The need 
for any plastic strain correction of the 
notch depth can be eliminated by in- 
creasing the test-specimen dimensions 
and notch depth. 


The lower portion of Fig. 6 shows re- 


sults for a special technique of notched 
specimen testing developed to assist the 
study of large steam turbine generator 
fractures. Measurements of G. by spin 
tests of centrally notched disks were 
discussed in the Winne and Wundt paper 
(6). This paper, which presents results by 
a larger group of investigators, is of 
special importance in showing correct 
application of fracture mechanics prin- 
ciples to a serious fracture strength 
problem. The paper shows the correlation 
of spin-disk test results with notched- 
bend tests and with transition tempera- 
ture. In addition, the interpretive and 
analytic comments assist and support 
the present discussion. The spin-disk test 
results shown in Fig. 6 were obtained 
using 24-in. diameter disks with a 3.25- 
in. central hole. These were sharply 
notched outward from the central hole. 
The speed of rotation necessary for frac- 
ture propagation was measured, and G. 
was calculated with the aid of an ap- 
propriate stress analysis. The selected 
results are among the lowest in terms of 
fracture strength quality reported in the 
Winne and Wundt paper. They are not 
representative of current improved rotor 
steels. Detailed descriptions of these and 
other rotor steels may be found in 
reference (22). Three results for ?-in. 
thick disks of 9-in. outer diameter are 
included, although in these tests net- 
section stress was more than 0.6 times 
the yield stress. 


PLANE-STRAIN FRACTURE CONDITIONS 


The conditions for fracturing under 
essentially plane-strain conditions as op- 
posed to the shear fracturing of thin 
sheets can be approximately estimated 
by the following analysis. In terms of the 
coordinates r and @ of Eqs 1, 2, and 3, if 
the zone of plastic strains near the crack 
is confined to values of r somewhat less 
than the specimen thickness, a large 
measure of elastic support is present to 
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TABLE I.—RESULTS FROM TYPICAL FRACTURE-STRENGTH MEASUREMENTS*® 
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| 
Cc | 
oe Thick- Gre 
a Material ness, | Yield Stress, Meas Esti- a Method® Fracture 
in. ured, Ib mated, 
per in. (lb per in. 
Glass, lantern slide 
covers: 
moist... .. 0.05 >100 000 0.04 0.04 _>1000 A Plane strain 
2 per cent RH...., 0.05 | >100 000 0.08 0.08 > 500 A Plane strain 
Poly (methyl! meth- 
acrylate): 
Nn re 0.25 ~10 000 4 4 | 16 A Plane strain 
hot-stretched.....| 0.25 ~10 000 (25 to 40.25 to 402.5 to A Plane strain 


1.6 


Ship steel, ABS: 
class C, reference 


} 
100 000° 63 to 82.63 to 825.3 


(27), —40C...... 1.00 to| Test method Plane strain 
4.1 of refer- cleavage 
ence (26) 
class C, 108 in. 
wide, OC. 0.75 36 000 |>1070 150 0.22 A Plane stress : 
shear 
reference (33), 
0.75 105 000°) ~100 80 3.3 | Residual Plane strain - 
Stress cleavage 
Zone 
Tests 
Rotor Steel, nickel- 
molybdenum- 
vanadium, ref- 
erence (18): 
quenched and 
drawn. 101 000 960 (<960 (>2.1 Cc Plane strain 
pearlitic and up- 
per-bainitic......| 6 89 000 | 135 to} 135 to9 to 12 Cc Plane strain 
180 180 
0.250 | 230 000 |130 to 130 3.2 A,B Plane strain 
150 50 per cent 7 
BAE 0.075 260 000 | 275 225 | 0.75 A shear 
0.032 47 000 |~1500 | 300 | 0.02 A Plane stress 
, eee 0.25 47 000 | 2800 | 300 0.18 A Plane stress 
4 47 000 340 300 2.9 B Plane strain 
0.032 68 000} 790| 115 | 0.13 A Plane stress 
7078-T¢ 0.750 68 000} 115 | 3.0 B Plane strain 
| 2-in. 67 115] 115 D Plane strain 
bar 


Dynamic values. 
‘A= 
= 
C= 
D= 


= 


Central slotted plate in tension. 
Notched bend tests. 

Spin-disk centrally notched. 
Circumferentially notched circular bar. 


= 


® Measurements are at room temperature except as indicated. 
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restrict plastic contraction in the thick- 
ness direction, and the situation should 
be close to one of plane strain. Mc- 
Clintock’s recent discussion of this point 
(23) may be noted. A rough estimate of 
plane-strain crack extension conditions 
with the aid of Eq 1 is as follows. Placing 
a, equal to the tensile yield stress cy 
and @ equal to zero, the approximate 


radius ry to the edge of the plastic strain 
zone is given by 


where G,. is the critical crack extension 
force for plane-strain fracturing. Reduc- 
tion by plastic strain of the plate thick- 
ness B is restricted, and a plane-strain 
situation exists when 


ry 20 — ) 
If the thickness B is expressed as 
Bea —,.......... (17) 
oy” 


values of the relative plate thickness a 
furnish a rough guide for predicting 
whether a plate will break from a notch 
or starting crack with a low-ductility 
plane-strain fracture or with a shear 
fracture. With the value of a reaching 
or exceeding 2, the existing plane strain 
fracture conditions are accompanied by 
a relatively low value of G., as can be 
seen from the limited available data dis- 
cussed later i in connec tion n with Fig. 9 and 
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Table I. If a is 0.2 or less, plate thickness 
reduction and shear fracturing occur, 
and the value of G. is much greater. 
Mixed behavior is expected in the inter- 
mediate range of values. 

For example, in the case of 1-in. thick 
ship steel at room temperature, taking 
Gi. as 100 lb per in. and gay as 36,000 
psi, one finds a to be 0.43, an inter- 
mediate value. The result commonly ob- 
served in static notched-plate tension 


120 000 
~!00000 ° 
b 
g0000 | 
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® 60000 
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40000 fF Notched-50 per cent 
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© Notch ~ 0.001 in 
20000 
04 08 1.2 16 
Specimen Diameter ,in 
Fic. 8.—Effect of Specimen Size on the 


Strength of Notched and Unnotched Round 
Bars of 7075-T6 Aluminum in Tension, Refer- 
ence (29). 


tests is that a plane-strain fracture 
starts from the central region of the 
notch, while shearing fractures begin at 
the plate surfaces. In this instance, plate 
thickness reduction develops, and the 
shearing mode of fracture prevails, leav- 
ing a segment of flat fracture at the 
notch. However, if the same fracture is 
started by impact, so that the crack 
forms rapidly, cy is more than doubled, 
and a@ shifts to the range of 1.5 to 2.0. 
Then the plane-strain fracture mode 
persists, restricting the shear fracture to 
the plate surfaces. 


x 
V/ 
K2 
2oy? 
For onset of crack propagation, 
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CIRCUMFERENTIALLY NOTCHED ROUND 
TENSION BARS 


Tension bars notched circumferen- 
tially to various depths have been used 
in a number of ways to determine 
mechanical strength in the presence of a 
notch. When the notch has a relatively 
small flank angle and sharp root radius, 
results of such tests can be employed to 
determine fracture strength for plane- 
strain conditions. 

Figure 8 shows results obtained by 
Weiss and Klier (24) on specimens of 
7075-T6 aluminum. The specimen axis 
had the direction of greatest extension 
during fabrication. The net-section area 
at the notch was half of the section area 
of the round tension bar. The data points 
in Fig. 8 show results of a fracture size 
effect study using different size test bars 
with the dimensions scaled. The graph 
of net-section stress o, , as a function of 
notch depth, reflects the characteristic 
features discussed in relation to Fig. 1. 
For the smallest specimens, yielding of 
the notched section limited the average 
net-section stress to approximately the 
net-section stress at fracture found with 
unnotched tension specimens. For the 
largest specimens, the trend of o, is one 
of proportionality to the inverse square 
root of the notch depth. 

For these larger test specimens, the 
severing crack does not start uniformly 
all around the root of the notch. It forms 
first in a single weakest region near the 
notch root, then spreads from this origin 
across the notched section. A flat frac- 
ture traversing a thick plate similarly 
moves along by the forming and spread- 
ing of reinitiation cracks near the ad- 
vancing edge. It is believed that the 
notch root radius for the test results in 
Fig. 8 was of such size that the onset of 
crack propagation for the largest test 
bars occurred under stress conditions 
similar to those controlling onset of crack 
propagation in the previously discussed 
bend tests of notched specimens. 
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_ of 80 Ib per in. 


TO CRACK PROPAGATION | 


In order to calculate the value of S:. 
corresponding to the results in Fig. 8, 
stress concentration factor curves pub- 
lished by Peterson (25) were employed. 
The approach to an infinitely small notch 
radius implied by Eq 10 was studied by 
calculating the product om+/p for suc- 
cessively smaller values of p. It was con- 
cluded that for this test specimen* geom- 
etry 


K = 0.44 o, D, 


where D is the entire diameter of the 
test bar. With this equation and Eq 6, 
the curve through the plotted results for 
the large test bar was found to corre- 
spond to a value of G;. equal to 105 lb 
per in. The result is in fair agreement 
with the bend test values for G. in Fig. 6. 


« 


CENTRALLY NOTCHED FLAT SHEETS 
UNDER TENSION 


The requirement of having the average 
net section stress below the yield stress 
in many cases necessitates use of a 
length of net section which is ten or more 
times as large as the plate thickness. In 
this situation, the most convenient test 
specimen is usually a centrally notched 
sheet in tension, as shown in Fig. 1. If 
the length of the test section is as much 
as three times the width, one may choose 
between a variety of end grip procedures 
without influence on the test results. - 
Wedge grips of the Templin type have 
been customary at the U. S. Naval 
Research Laboratory. In the case of }-in. 
plates of high yield strength steel, the 
specimen ends were made relatively 
wider than shown in Fig. 1 and the loads 
successfully transmitted through the 
shoulders. At the Naval Proving Grounds, 


*An informal communication from H. F. 
Bueckner suggests that one should use 0.46 in- 
stead of 0.44 in Eq 18. A further correction due 
to an overlooked factor of 2 was noted by B. M. 
Wundt. Thus the numerical coefficient should be 
0.23 instead of 0.44. A recalculation of §, in- 
cluding a small allowance for depth of the start- 
ing crack beneath the notch suggests the §. value 
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tests of this nature have been conducted 
using a width to length ratio of 1 to 4 
without shoulders. Loads were applied 
by two close-fitting pins in holes suitably 
located near the specimen ends. 

In all of the tests discussed in this 
paper, satisfactory methods of prepara- 
tion of the crack-simulating slot or notch 
must be considered. The practice which 
the authors recommend and attempt to 
follow in their measurements is one of 
providing a weakness to crack formation 
at the slot ends which exceeds the natural 
crack strength. This is done by providing 
notch sharpness sometimes coupled with 
local damage and precracking. A crack 
then starts and spreads slowly during the 
last stages of loading while the load is 
still increasing. 

In all situations discussed here, G in- 
creases in proportion to the square of 
the applied tensile load. Excepting tests 
done with wedge forces, G also increases 
with crack length. Thus when slow crack 
growth occurs with increasing load, it 
may be inferred that the driving force 
G, the resistance to crack extension, and 
the size of the plastic strain zone at the 
crack tip are all increasing more rapidly 
than the total crack length. Unstable 
fast crack extension develops after the 
growth of resistance to crack extension, 
that accompanies the increase in size of 
the crack tip plastic strain zone, begins 
to lag behind the growth of the crack- 
extension force G. Ideally, this epoch 
occurs after the plastic strain zone at 
the crack tip has attained its full natural 
size. To insure that onset of fast fracture 
does not occur within the damage zone 
used for crack initiation, the size of this 
zone must be no more than a small 
fraction of the total crack length. 

It has been found convenient to record 
the crack length and testing machine 
load simultaneously with a motion pic- 
ture camera operating at 24 frames per 
sec. The crack length and load of the 
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last frame before rapid crack extension 
are used in calculating the G. value. As 
an alternative procedure, a drop of India 
ink may be placed in each end of the 
starting crack slot. The ink penetrates 
and stains the fracture surface while 
the crack spreads slowly and leaves the 
rapidly spreading portion of the fracture 
unstained. The maximum load and the 
crack length indicated by ink stain are 
then the recorded observations. 

If the crack length at onset of rapid 
fracture is not more than half the plate 


a 
700 + 2 }2.1 
| [42 
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500} 
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200+ From Fig. 6 
as ° From Large Test Specimens 
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1 1 i 1 
° 10 20 30 40 50 60 
Fic. 9.—Critical Crack Extension Force Val- 


ues as a Function of Reciprocal Plate Thickness 
for 7075-T6. Values of a shown in the upper right 
of the figure were calculated from Eq 17 using 
72,000 psi for oy and 115 Ib per in. for Gye. 


width, a stress analysis of sufficient ac- 
curacy for purposes of calculating G. is 
provided by the Westergaard stress 
system for a repeated series of colinear 
cracks (16). The corresponding equation 
for G. (plane stress) is 


where / is the width of the test sheet, the 
length of the crack for onset of rapid 
fracture is 2a, and o is the average 
longitudinal tensile stress across the en- 
tire width of the test specimen. 

Figure 9 shows measurements of G. for 
a group of widely differing specimen 
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thicknesses of 7075-T6 aluminum alloy. 
The figure shows the relatively abrupt 
increase of G. with the change from 
plane-strain to plane-stress of the stress 
field near the crack. The subsequent 
drop of G. with further decrease of plate 
thickness is believed to be due to a 
tendency of the plastic strain zone to 
extend away from the crack line an 
amount proportional to the plate thick- 
ness. 

Although a substantial number of G. 
values for flat sheets of high-strength 
alloy steel are in process of collection, 
only isolated groups of results are avail- 
able at the present time. Table I shows a 
representative series of results on a 
variety of materials. 

In the theoretical stress system per- 
taining to the centrally notched sheet in 
uniaxial tension, there is a compressive 
stress parallel to the length of the central 
slot which, at the borders of the slot, is 
equal in magnitude to the average longi- 
tudinal stress o. When the width-to- 
thickness ratio is large enough, this 
compression will cause noticeable buck- 
ling across the span of the crack. Such 
buckling, when present, alters the stress 
system and adds a shearing motion to 
assist the separation process at the ends 
of the starting crack. A reciprocal square 
root relation between load and crack 
length has been found to apply in some 
instances in spite of the buckling effects. 
Tests of 0.032-in. thick sheets of the two 
aluminum alloys 7075-T6 and 2024-T3 
under such conditions were made, and 
values thus obtained were lower by a 
| factor of two than G, values measured 


—, 


with buckling restrained by the use of 
lubricated face plates. 

Where a sheet composes a wall of a 
pressure vessel, extension of a crack, 
whose length is large- compared to the 
sheet thickness, is accompanied by con- 
= siderable bulging at the crack’ borders, 
i which again alters the stress system and 
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adds a twisting action at the crack ends. 
Estimates of apparent G. values based 
upon nominal membrane stress in situa- 
tions of this type have given apparent 
G. values more than a factor of ten less 
than the G.-value for flat sheet. 

It is apparent that the arrest of crack 
growth in a pressure vessel wall requires — 
maintaining or producing a flat- -sheet 
situation, at least near the advancing © 
edge of the crack. Local flat-sheet situa- p 


Fic. 10.—Wedge Force Specimen. 
tions are produced, for example, by the 
circumferential stiffeners for crack arrest 
in commercial jet airplanes. The low ap- 
parent G.-values which pertain to various 
situations of pressure against one side or 
buckling are of interest for the under- 
standing of fracture propagation in 
certain structures. However, for pur- 
poses of fracture strength analysis it is 
believed that the flat sheet values for G. 
will usually apply to the critical situation 
of fracture initiation or fracture arrest. 
Thus restraint of sheet buckling is pre- 
ferred in the G. measurement procedure. 
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OTHER MEASUREMENT TECHNIQUES 


When the material available for S. 
evaluation does not have appropriate 
dimensions for one of the tests previously 
discussed, a procedure using wedge forces 
applied near the borders of the crack- 
simulating slot is sometimes applicable. 
Figure 10 shows a sample design for such 
a test procedure. The value of S, when 
the wedge or splitting force is P per unit 
thickness, may be shown (16) to be: 


G = (20) 


where the crack length 2a@ is assumed to 
4 In this test pro- 
cedure, extension of the crack with the 
load maintained causes a reduction of the 
crack-end stress field, and the crack 
extension process is self-arresting. The 
value of the load to maintain a fixed 
velocity of crack extension increases with 
crack length until half the width of the 
test plate has been severed. Depending 
upon the strain-rate sensitivity of a 
material, the values of G necessary to 
maintain crack motion tend to be less 
than the G. determined as discussed 
previously. This is due to the slower mo- 
tion of the crack. The forces P shown in 
Fig. 10 may be applied either by a system 
of wedges calibrated for friction or by an 
opposing pair of hooks in tension. 

By use of an experimental stress 
analysis procedure to establish the rela- 
tion of the applied load and crack length 
to the G or K values, a large variety of 
fracture tests for measurement of G. or 


K, can be developed. 


be not greater than 


EFFECTS OF TEMPERATURE, THICKNESS, 
AND Dynamic LOADING 


In a bend test study at the University 
of North Carolina on notched bars of 
2024-T3 aluminum, Trimble (21) was able 


he 
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to estimate critical G-values pertaining to 
arrest as well as to onset of rapid frac- 
turing. The values found for these two 
conditions did not differ significantly. 
High-strength aluminum alloys and 
very hard steels have relatively small 
dynamic increase of yield stress. For such 
materials, one would expect the arrest 
and start of rapid fracturing to occur at 
about equal conditions of the surrounding 
stress field. However, for steels in a 
softer condition, and for plastics gen- 
erally, stress conditions for onset and 
arrest of rapid fracture may differ. For 
this reason it would be helpful to have a 
convenient measurement procedure for 
G. determinations under conditions of 
fracture arrest. It would appear that 
additional test development work is 
needed on such a procedure. The nearest 
published approach to a fracture arrest 
measurement procedure is a test using 
impact application of wedge forces intro- 
duced by Feely and others (26). This 
technique and some derived estimates of 
fracture arrest G. values for 1-in. ship 
plate steel were discussed by Wells (27). 
Essentially, an edge crack in a plate 
subjected to longitudinal tension is given 
rapid motion by impact application of 
wedge forces at the side of the test plate. 
For large tension loads, the started crack 
severs the plate. For sufficiently small 
longitudinal tension, the crack extension 
force, as a function of crack length, has a 
minimum which can be adjusted so as to 
produce fracture arrest. Although the 
test endeavors to keep the applied wedge 
force constant, it is not measured. The 
conditions of the test have, however, 
permitted approximate estimates of the 
critical crack extension force for arrest of 
rapid fracturing, as noted in the preced- 
ing discussion. These estimates, 62 and 
83 lb per in. for 1-in. plates of ship steel 
at —40C, may be compared to values 
in the range from 100 to 200 lb per in. 
for the plane strain G. of pearlitic and 
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upper bainitic steels of higher alloy 
content measured under static load con- 
ditions at room temperature. 

Figure 11 shows the increase of plane- 
strain G. values with temperature as re- 
ported by Winne and Wundt (6). Parker 
(28) has observed that the individual 
facets of a flat fracture in steel, while 
often showing a mixed behavior, tend to 
change from surfaces of shear type to 
those of cleavage type with lowering of 
temperature. It is not clear at present 
how much of the increase of fracture 
work rate as shown on Fig. 11 is due to 
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from Disk Bursting Tests, Reference (6). 


growth in size of the shear lip regions at 
the free surfaces and how much is due to 
change in fracture type of the individual 
facets of the fracture in the embedded 
plane-strain regions. To illustrate the 
influence of a lowering of the transition 
temperature, one may note in Table I 
that the nickel-molybdenum-vanadium 
rotor steel when in a tempered martensite 
condition had a room temperature G. 
value of 960 Ib per in. 

Estimates by Wells of fracture arrest 
G. values for ship plate _ are shown 
in Fig. 11. Unfortunately, G. values for 
onset of plane-strain iacedes for ship 
plate steel are not available. Nor do we 
know fracture arrest G. values for the 
rotor steels. Thus a direct comparison of 
G. for onset and arrest of plane-strain 
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fractures cannot be made. However, it 
seems unlikely that the values of G. for 
onset of plane-strain fracturing in the 
ship steel would greatly exceed those for 
the rotor steels shown on Fig. 11. Con- 
siderations of this nature suggest that G. 
for onset and arrest of rapid crack ex- 
tension do not differ greatly when both 
are measured under plane-strain fracture 
conditions. 

For steels, the convenience with which 
brittle fractures are produced in notched- 
bar impact tests by lowering the tem- 
perature may have resulted in a reduced 
awareness of brittle-fracture size effects. 
The transition from ductile to brittle 
fracture of sharply notched steel bars 
with increase of specimen dimensions 
received wide notice due to tests con- 
ducted by Docherty (29,30), who con- 
sidered this as equivalent to a tempera- 
ture shift. S. L. Hoyt (31,32) has 
advocated the use of this dimensional 
effect in studying the notched-bar impact 
response of some steels. He showed that 
double-width Charpy bars for some 
steels break in a brittle manner, although 
the single-width bars break in a tough 
manner. Although fracture mechanics 
analysis procedures can be applied to 
assist the understanding and correlation 
of various transition-temperature test 
methods, such a discussion is beyond the 
intended scope of this paper. Here it will 
merely be emphasized that the fracture 
strength of a steel should be considered 
for the entire range of section thickness 
that is of interest at a given temperature 
as well as for the entire range of tempera- 
ture that is of interest for a given section 
thickness. 


STRENGTH ANALYSIS APPLICATIONS 
The customary remedies for structura] 
failures due to crack propagation are of 
three kinds: (1) structural design im- 
provements to reduce stress concentra- 
tions in some components or to ae ide 
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for fracture arrest, (2) reduction of flaws, 
especially those embedded in a zone of 
residual stress, and (3) use of materials 
of greater fracture toughness. Combina- 
tions of these three remedies have solved 
many fracture strength problems. The 
practical importance of analysis by the 
methods of fracture mechanics appears 
when it becomes essential to know how 
much of each remedy is needed in 
quantitative terms or when one at- 
tempts to link together prior estimates of 
stresses, crack sizes, and material tough- 
ness so as to calculate in advance a 
service load which will be safe relative to 
fracture propagation. 

A procedure for designs safe against 
fracture failure was discussed by Irwin 
and Kies (1), as noted in the introduction. 
It was suggested that experience ac- 
companied by studies of stress distribu- 
tion in a structure would suggest the 
size of the largest cracks likely to be 
formed in service or overlooked in in- 
spection. When these estimates have been 
made, values of G for these cracks can 
be compared to measured values of SG. 
for the material. The upper limits of 
stress in service can then be estimated 
which will leave some margin of safety 


against fracture propagation. Suppose, — 


for example, that a calculation of this 


type indicates likelihood of failure by © 
fracturing at a nominal stress well below — 


the yield stress of the material. Then if 
by using a materia! of lower yield 
strength an increase of fracture strength 
G. is obtained, a substitution of this kind 
might well result in a structure capable 
of bearing larger stresses. 

Measurements of G. using spin-disk 
tests of centrally notched specimens as 
well as notched bars in bending were 
found to be helpful in the analysis of 
sudden fractures of large steam-turbine 
generator rotors. This application is 
noted here without further discussion 
because it was presented in some detail 


in the recent paper by Winne and Wundt 
(6). 

Assume that the structure one has in 
mind is a pressure vessel and that bend- 
ing moment superimposed upon high 
membrane stress may in local regions 
cause a crack to extend from a flaw in 
the high-tension surface through the wall 
thickness B. Assume the initial flaw 
at most would result in a through crack 
of length 2B. Then to suppress crack 
propagation in the wall, it would appear 
sufficient to have a fracture toughness 
in the wall material corresponding to 


oe ™ 
where G. is the critical value for fracture 
arrest. Thus a crack of length 2B, if 
developed, would be arrested and would, 
in fact, be unlikely to develop in a care- 
fully fabricated component except from 
initial flaws of improbable largeness. 

Looking at this situation from another 
viewpoint, if fracture tests of the wall 
plating show the fracture runs with a 
shear mode of separation, then one 
anticipates that 
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Thus G. is larger than needed for the 
requirement represented by Eq 21. 
Direct applicability of a strength anal- 
ysis through fracture mechanics exists 
in the case of crack-arresting strips or 
frames for pressurized cabin aircraft. In 
this instance, it is desired that, if one 
frame and the adjoining sections of fuse- 
lage skin are sharply cut or cracked, 
crack arrest strips or the next frames will 
stop further spread of the fracture. Thus 
the crack length and membrane stress 
are known. As indicated by the preceding 
discussion, the reinforcing element must 


Irwin, Kies, AND SMITH 


produce an approximate flat-sheet situa- 

tion in the local region of crack arrest. 

With this assured, if the crack extension 

force for the given crack length x and 

membrane stress o, as computed from 

is smaller than the flat-sheet G. value, 
then successful arrest of the crack can 
be predicted. If the reverse is true, then 
the influence of the reinforcement strip 
or frame in reducing the stress field near 
the crack must be estimated. Although 
this calculation can be made only ap- 
proximately, it is nevertheless useful in 
suggesting the magnitude of adhesive or 
rivet forces developed and their probable 
result in accomplishing arrest of the 
crack. 

Investigation of the causes of all kinds 
of fracture failures after their occur- 
. rence are assisted by G. fracture strength 
values for materials. Frequently the size 
of the starting crack can be found by 
study of the fracture. When the G.-value 
is also known, the tensile stress which 
acted across the fracture origin can be 
determined and consideration given to 
how this stress value developed. When 
the tensile stress in a region enclosing 
the starting crack is known, the ap- 
parent G. value can be calculated and 
compared with fracture strengths con- 
sidered normal for the material. 

A variety of other applications of the 
fracture-mechanics viewpoint of this 
paper have been made—for example, the 
studies of fracturing from flaws in welded 
steel plates by Wells (10), by Carpenter 
and Linsenmeyer (33), and by Sopher, 
Lowe, and Rieppel (34). 


SUMMARY 


In view of the character and size of 
flaws in real structures, the fracture 
strength of a structural component is 
considered to be 
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determined by the 
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conditions for extension of an already © 
started crack. Analysis of the elastic 

stresses near the edge of an internal free 

surface normal to the largest tensile 
stress suggests that the stress conditions — 
controlling extension of a tensile crack 
can be described by the Griffith theory 
strain-energy-release rate G and by the 
degree of approach to a situation of plane 
strain. From measurements of the critical 
value G. for onset of rapid crack ex- 
tension, together with knowledge of the 
size and location of an actual or assumed 
starting crack, stress analysis procedures 
can be used to predict the loads neces- 
sary to cause fracture failure of a struc- 
ture. The analysis is valid when the 


the yield stress. 

Values of G. may be determined as a 
function of section size, temperature, — 
and yield stress using, for example, 
centrally slotted plates o1 sheets in ten- rs 
sion, notched bars in bending, or cir- 
cumferentially notched round bars in 
tension. The ends of the cut representing 
the starting crack should be sufficiently 
sharp or locally damaged so that an ap-— 
preciable slow extension of the crack pre- 
cedes onset of rapid fracturing. 

A large and relatively abrupt decrease ~ 
of G. occurs with increase of plate thick-_ 
ness when the plate thickness becomes 
substantially larger than the span of the 
plastic strain zone beyond the leading 
edge of the crack. The change in fracture 
toughness is accompanied by a change 
from a shear fracture to a flat tensile 
fracture and corresponds to the change 
in the governing stress conditions from 
plane stress to plane strain. The plate 
thickness necessary for such a fracture 
mode transition can be estimated in 
terms of a relative plate thickness pa- 
rameter a given by 
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where B is the plate thickness, cy is the 
yield stress, E is Young’s modulus, and 
Gie is the G. value for plane-strain frac- 
turing. From available data, an a value 
greater than 2 ensures a mode of fracture 
which is primarily of the plane-strain 
type. A plane-stress fracture or shear 
fracture develops when a is less than 0.2. 
When accompanied by appropriate 
analyses of stress conditions and of the 
size and location of possible cracks, G.- 
type fracture strength measurements 
assist solution of fracture problems in 
real structures, for example, the crack 
arrest problem in pressurized cabin jet 
aircraft, sudden fracture of pressure 


vessels, and improvement in the balance 
between yield stress and fracture tough- 
ness. 
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Mr. F. A. McCuintock.'—It is in- 
teresting to note that an estimate can be 
obtained of the size of the plastic zone at 
which the crack becomes unstable. One 
might expect that the actual radius of the 
plastic,zone, R, , would be overestimated 
by Eq 9, based on the Neuber hypothesis, 
and underestimated by Eq 14, especially 
in view of the results obtained in shear.” 


Taking R, to be defined as: 


and evaluating «? from Eq 15, yields: 


P 


It should be noted in this equation that 
the yield strength of the material, a, , 
may be considerably raised by elastic 
constraint.* For the three materials 
shown in Fig. 6, assuming yield strengths 
of 72,000, 46,000, and 88,000 psi, respec- 
tively, and taking an elastic constraint 
factor of 2.5, the above equation yields 
radii of the plastic zone of 0.04, 0.26, and 
0.08 in., respectively, for the limiting case 
of very thick plates where plane strain 
exists. For the case where the plate is 
thinner, the radius of plastic zone will be 
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2 J. A. H. Hult and F. A. McClintock, ‘‘Elas- 
tic-Plastic Stress and Strain Distributions 
Around Sharp Notches-Under Repeated Shear,”’ 
IXth International Congress for Applied 
Mechanics, Vol. 8, pp. 51-58 (1957). 

3G. R. Irwin, “Analysis of Stresses and 
Strains Near the End of a Crack Traversing 
a Plate,” Journal Applied Mechanics, Vol. 25 
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much larger, not only due to the larger 
values of G. , but also due to the absence 
of elastic constraint. Thus there is a plas- 
tic zone present around the tip of a crack, 
small compared to the size of the part, 
but large compared to the grain size of 


the material. The fact that the plastic 
zone is small compared to the size of the 
part means that the elastic stress field at 
a moderate distance from the plastic zone 
is still well described by Eqs 1 to3 of the 
paper. The fact that the plastic zone is 
large compared to the grain size means 
that the microscopic theory of plasticity 
should be of help to us in determining 
what is happening even closer to the tip 
of the crack, and thus explaining why it 
is that cracks initially stable become un- 
stable as the stress level is increased. 

Could the authors comment on the 
reason for the decrease in the G. value 
with decreasing thickness, shown in 
Fig. 9? 

It should be pointed out that in the 
case of thin sheets, although the stress 
distribution may be one of plane stress in 
most regions, plane stress is not likely 
near the tip of the crack. The material 
immediately in front of the crack is con- 
strained from thinning down by the rela- 
tively low-stressed material along the 
sides of the crack. This results in shear 
stresses which are neglected in the case 
of plane stress. For these stresses to be 
negligible, the thickness of the material 
would have to be smaller than the radius 
of curvature at the tip of the crack, which 
would be very small indeed. 
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balance or excess of available energy, en 
though a necessary condition, may not be 
sufficient for initiation of a fonctuie, as 


I am in full agreement with this theory _ 


CHAIRMAN R. E. PETERSON.‘—One can 
also look at this as a matter of critical 
crack length. I understand that the ship 
failures were mostly at low temperature, 


but I believe there were also some at es- 
sentially room temperature. I seem to 
recall, looking at the authors’ interesting 
work, that the critical crack lengths for 
ship plate would be quite long, not } in. 
or the length of some small weld defect, 
but rather long,—several feet, even at 
reduced temperature. I believe I have 
also seen some consideration where the 
hatch was considered as part of the open- 
ing, with the cracks extending at the 
hatch corners. I wonder if the authors 
would comment on the critical crack 
length in ship construction. 

Mr. C. Mytonas.’—We have often 
had the opportunity of discussing this 
problem with the authors, and I do not 
think we came to a conclusion. The work 
presented by the authors is based on Mr. 
Irwin’s energy theory of fracture, which 
is one of the few rational analytic ap- 
proaches to the complex problem of brit- 
tle fracture. It is hence of extreme in- 
terest, and I always hope that it will be 
brought to give an answer also to the 
problem of brittle fracture initiation—a 
fundamental aspect of fracture. 

During initiation, the theory presented 
says, in effect, that if there is more avail- 
able energy than required for the fracture 
process, including plastic deformation, 
then the crack will run. This is a balance 
of equilibrium governing fracture. There 
are other examples where this condition 
is not sufficient. There is the very simple 
example of two water reservoirs of differ- 
ent heights, joined by a syphon. There is 
more energy in the difference of water 
levels than the friction in the tube, but 
the water does not run unless some more 
energy is supplied to rhake the water rise 
to the highest point of the syphon. So 

4 Manager, Mechanics Department, Westing- 
house Research Laboratories, Pittsburgh, Pa. 


5 Associate Professor of Engineering, Brown 
University, Providence, R. I. 


after the crack starts running. Then it > 
should be extremely useful. But in this 
process of starting a fracture from static 
conditions I do not see how only an en- 
ergy consideration could be sufficient. It 
is certainly a necessary consideration, but — 
is it a sufficient one? 


The other point is that, if we come mS 


the conclusion that G can be usefully ap- 
plied, and it appears to be so, its magni- a 
tude would depend also on other factors, 
and one of these is prestraining. I should 
mention briefly that we have prestrained 
in compression plates already notched 
and then pulled them at a temperature 
below transition range, and got fractures 
at average net stress level of 37 per cent 
of virgin yield. We also got some arrested 
cracks at something like 10 per cent of 
virgin yield strength, cracks varying from 
} to 3 in. in length. Such cracks occurred 
at 10 per cent of virgin yield strength, 
stopped, and the whole plate did not 
fracture until full yield strength occurred 
across the remaining section. So we had 
a deeper crack not fracturing at a higher 
stress, whereas a shorter crack (the ini- 
tial notch) cracked at an average net 
stress 10 per cent of virgin yield strength. 
It is obvious that G is not a constant for 
the material. 

Mr. G. R. Irwin (authors’ closure).— 
The discussion by Mr. McClintock pro- 
vides additional clarity to the relation- 
ship of plastic strain to governing stress 
conditions near the leading edge of a 
crack. The analysis of these plastic 
strains with the aid of macroscopic plas- 
ticity theory would be helpful indeed in 
permitting a more detailed description of 
the relatively abrupt increase in speed of 
crack extension with increase of the 
crack-extension force. With regard to the 
decrease of G. with decrease of specimen 
thickness shown in Fig. 9, the text of the 


| 
1 
| 


660 DISCUSSION ON FRACTURE STRENGTHS RELATIVE TO CRACK PROPAGATION 


paper directs attention to ‘“‘a tendency of 
the plastic strain zone to extend away 
from the crack line by an amount pro- 
portional to the plate thickness.” In this 
extreme of the plane stress mode of frac- 
turing, crack extension occurs through 
regions of the sheet which have under- 
gone substantial and, presumably, crit- 
ical amounts of local thickness reduction. 
For a fixed critical plastic strain leading 
the crack extension process one would ex- 
pect the extent of the local thickness-re- 
duction region to be proportional to the 
sheet thickness. The fixed critical plastic 
strain assumption is a gross over-simplifi- 
cation. Nevertheless, for a values small 
compared with unity, it permits one to 
predict a decrease of G. with plate thick- 
ness as was observed. 

In response to the discussion by Mr. 
Peterson, if one assumes the gross av- 
erage tensile stress across the ship steel 
plate containing the starting crack is in 
the range from 15,000 psi to 35,000 psi 
and that a plane strain G. value of 100 
lb per in. applies, then, from Eq 24 of the 
paper, the expected half length of the 
starting crack is in the range from 4.2 in. 
to 0.8 in. The starting crack size for a 
shear fracture mode may be about 40 
times larger corresponding to a G. value 
of about 4000 Ib per in. The correspond- 
ing half length of the starting crack for 
propagation as a shear fracture then 
would lie in the range from 14 ft to 2.5 ft. 
Although the hatch opening size unques- 
tionably adds to the effective length of a 
crack extending from one of its corners, 
the conditions for crack propagation can 
be readily met without this assistance. A 
crack initiating in a zone of damage and 
residual stress associated with welding is 
running as it emerges from the residual 
stress zone. Because the straining is 
rapid, dynamic elevation of the yield 
stress occurs, the value of G;. may be 
somewhat reduced and the a value may 
be large enough for continued motion of 
the crack in a plane-strain mode of frac- 


ture. Under these conditions the critical 
half-length beyond which emergence 
from the influence of the residual stress 
field cannot arrest the crack is on the 
order of a few inches. 

Evidently Mr. Mylonas considers that 
an analysis which assumes a crack to be 
already present is of little value in ex- 
plaining the initiation of this crack. This 
viewpoint is not uncommon. However, 
large cracks form from the spreading and 
joining of crack-like openings at much 
smaller scale. The progressive extension 
of a crack is accomplished through the 
spreading and joining of small openings 
in advance of the leading edge. Thus, al- 
though their applicability may be lim- 
ited, the fracture mechanics analysis 
procedures discussed in the paper are 
nevertheless of some value in discussions 
of crack initiation. 

It is believed Professor Mylonas has" 
based his discussion primarily upon the 
modified Griffith-theory idea suggested 
in references (8) and (12) of the paper. 
The present paper is essentially descrip 
tive and does not depend upon a “frac- 
ture theory.” The central idea is this. 
Given the problem of estimating the 
strength of a component containing a 
crack, one can consider a direct experi- 
mental approach to finding the answer. 
One can produce a crack in a specimen 
of the component material and make a 
laboratory measurement of its strength. 
However, the stress distribution in the 
laboratory specimen in general differs 
from that in the structural component. 
It is therefore desirable to make the anal- 
ysis of the laboratory test in a particular 
way which will permit translation of the 
results in terms of loads on the structure. 
The concepts represented by the symbols 
K and G were introduced and employed 
primarily because they provide a con- 
venient and appropriate language both 
for expressing the results of laboratory 
tests and for discussion of the conditions 
for crack propagation in a structure. 
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SIZE EFFECTS IN SLOW NOTCH-BEND TESTS OF A 
NICKEL-MOLYBDENUM-VANADIUM STEEL* 


By J. D. LuBAHN! AND S. YuKAWA? 


SYNOPSIS 


Slow notch-bend tests were performed on specimens of various sizes and 

notch radii cut from a large nickel-molybdenum-vanadium steel forging. 
High strength values were obtained for either a small specimen with a sharp 

notch or for a large specimen with a mild notch, but the combination of large 


specimen size and sharp notch resulted in nominal strengths as low as 40,000 
psi. The notch-root strain at fracture decreased with increasing size of geo- 
metrically-similar specimens. A static crack appears to cause no more weak- 


ening than a sharp machined notch. 


The tests also serve to show the effects of notch depth, testing tempera- 
ture, hydrogen content, and proximity of welds. 


These tests were conducted as part of 
an investigation of the bursting of a 
large generator rotor and have been 
mentioned briefly in a previous publica- 
tion (1)* dealing with the failure of that 
rotor. All the standard laboratory tests 
indicated that the metal of this rotor 
was sufficiently ductile that no significant 
loss of strength would be expected even 
in the presence of notches. Table I shows 
the standard mechanical properties of 
the steel which do suggest, however, a 
certain tendency towards brittleness: 
occasional very low reduction of area, 
low Charpy values, and an average 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 General Electric Co., Knolls Atomic Power 
Laboratory, Schenectady, N. Y. 

2 General Electric Co., Materials and Proc 
esses Laboratory, Schenectady, N.Y. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 676. 


notch-strength ratio of 140,000 to 
108,000 = 1.30, which is distinctly less 
than the ideal value of 1.50 for notch- 
ductile materials (2). On the other hand, 
Table I gives no hint of weakness; al- 
though the notch tensile strength is less 
than ideal, it is still greater than the 
tensile strength. 

The first test showing weakness was a 
bend test on a rectangular bar 23% in. 
deep by 343 in. wide and containing a 
circular crack about 1} in. in diameter 
oriented transverse to the length of the 
specimen and just breaking through to 
the tension surface. The fracture surface 
(Fig. 1) shows clearly the geometry of 
the crack, since the crack surfaces were 
heat tinted in welding specimen exten- 
sions to increase the span. The nominal 
bending strength* of this specimen was 


4 Nominal stress is calculated assuming elastic 
behavior and ignoring stress raisers. 
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90,000 psi. This is considerably less than 
the notch tensile strength of 140,000 psi 
and somewhat less than the tensile 
strength. Since the weakness might have 
been due either to the sharper “notch” 
or to the larger size, compared with the 
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brittle crack propagation behavior rather 
than brittleness, it was assumed in this 
investigation that size was one of the 
most important factors, and conse- 
quently the broad size range from 0.2 
to 9 in. was investigated. Bending was 


TABLE I.—ROOM-TEMPERATURE MECHANICAL PROPERTIES OF 
THE ROTOR STEEL. 


(0.30 per cent Carbon, 2.53 per cent Nickel, 0.55 per cent Molybdenum, 0.07 per cent Vanadium) 


UNNoTCHED TENSILE PROPERTIES 


Near the Bore Near the Surface 
Radial Tangential Longitudinal Radial 
86 84 81 82 82 
0.02 per cent Yield 82 82 83 86 82 
Strength, 1000 psi... . 82 80 83 
(110 110 108 111 108 
105 108 108 112 108 
Tensile Strength, 1000 110 108 91 Si 
108 average 109 
6 15 14 27 35 
Per Cent Reduction of 4 14 10 26 46 
18 
Notcuep Tensite (0.714 In. OUTSIDE DIAMETER 60 DEG, 50 PER CENT, 10-MIL ROOT 
RADIUS) 
143 132 142 
136 139 136 
140 average 
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notch tension test specimens, it was 
decided to test notch-bend specimens 
having various combinations of notch 
radius and size. Sharp machined notches 
were considered to be sufficiently severe 
stress raisers, since other data (3) had 
indicated that heat treating cracks are 
no more severe than sharp notches. 
Although earlier results (4) regarding size 
effects on the strength of mild steel 
appeared later (5) to be associated with 


used as a convenient means of obtaining 
high nominal stresses with a limited test- 
ing machine capacity. 
EXPERIMENTAL PROCEDURE 

Material: 

The composition of the forging and its 
standard mechanical properties are given 
in Table I. The fabrication and heat 


treatment of the forging (described in 
Reference (1)) resulted in a tempered 


bainitic microstructure. The ductility 
and impact values in the radial or tan- 
. gential direction at the bore are some- 
what lower and less consistent than 
| values near the surface or in the longi- 
tudinal direction, but the other proper- 
ties indicate that the forging is quite 


homogeneous and isotropic. The Charpy 
V-notch transition temperature is con- 
siderably above room temperature: about 
150 C (302 F) for 50 per cent fibrous 
fracture and 85 C (190 F) for half maxi- 
mum energy. 


Specimens: 


The specimens were radial and the 
long direction of the notch was tangential 
with respect to the forging axis. The 
notch was usually near mid-radius of the 
forging. The notches had a 45-deg in- 
cluded angle with depths ranging from 
2 to 50 per cent of the gross beam depth 

and root radii ranging from 0.225 in. to 
less than 0.001 in. Careful machining 
and inspection procedures insured the 
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Fic. 1.—Fracture Surface of a Large Cracked Bend Specimen. 


Pi 
proper notch radii. Extensions were 
welded onto some specimens, and in a : 
few such tests the strength was less than 
in unwelded specimens. 

Unnotched specimens of several sizes 
were also tested, including small speci- 
mens of considerable width (3% by 1} in.). 


Testing: 

The specimens were supported as a 
simple beam and loaded opposite the 
notch (three-point loading) at the slow 
rates characteristic of hydraulic testing 
machines. Three of the 9-in. specimens 
were tested in a 2000-ton hydraulic 
press, which was calibrated at the time 
by using SR-4 gages on an unnotched 
beam. In a previous test of this beam up 
to 300,000 lb on a tension testing ma- 
chine, the load calculated from these 
strain gage readings checked the testing 
machine load within 2 per cent, indicating 
a reliable calibration. However, two 
later calibrations of the press by a differ- 
ent method gave results 17 per cent 
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higher than the earlier one, suggesting 
some question of the earlier calibration. 

All tests were at room temperature, 
except for two small specimens tested 
at —30C. 

On specimens geometrically similar to 
a standard V-notch Charpy specimen, 
the plastic bend angle at fracture was 
determined by either an intermittent or 
a continuous method. Plastic bend angle 
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specimen yielding at the contact points. 
The elastic distortion is presumably 
proportional to load, and the yielding 
effect was found to level off eventually. 

Figure 2 shows typical continuous 
measurement method nominal stress- 


bend angle curves obtained by converting 
the load to nominal stress using S = 
Mc/I and the “deflection” to bend 
angle (equal to twice the angle whose 
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Fic. 2.—Nominal Stress versus Bend Angle Curves Derived from Load-Deflection Data Taken 
During Continuous Three-Point Loading of Nickel-Molybdenum-Vanadium Steel Specimens That 
Are Geometrically Similar to a Standard Charpy-Bar. Asterisks denote fracture points. 


was converted to notch ductility, using 
a calibration (6) which depends on the 
law of similitude. 

In the intermittent method, plastic 
bend angle was measured directly after 
unloading from various loads, and the 
curve of plastic bend angle versus load 
was extrapolated to the failure load (see 
also Reference (3)). 

In the continuous method, the motion 
of the loading knife edge relative to the 
supports (‘deflection’) was measured 
continuously as a function of load. This 
motion consists mainly of specimen de- 
flection but includes elastic distortions 
in the loading and support members and 


tangent is the ratio of deflection to half 
the span). After the initial non-linearity 
due to the transient effects from the 
knife edges digging in, the curve is linear 
for a while, presumably representing 
elastic distortion of the specimen and 
knife edges. Deviations from linearity 
were assumed to be the “plastic bend 
angle’? which would have been observed 
on unloading, and which can be con- 
verted to plastic notch strain as in the 
interrupted tests. At large plastic strains, 
the two methods of measuring plastic 
notch-strain yield essentially the same 
results (Fig. 3). The values at small 
plastic strain by the continuous method 
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are doubtful, because of the uncertainties 
in fairing the points near the linear 
region. The intermittent method is 
more reliable in this range since the 
plastic bend angle is measured directly. 
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ber of loadings. Apparently the ductility 
(strain at fracture) can be improved by 
loading to successively higher loads below 
the fracture load, as with “coaxing” 
in fatigue behavior (7). One specimen 
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Fic. 3.—Notch Test Data for V-Notch Charpy Impact Specimens Tested in Slow Bending. 


Asterisks are extrapolated fracture points. 


Test RESULTS 


Size Effects in Geometrically Similar 
Specimens: 


Figure 3 shows nominal stress versus 
notch strain curves for standard V- 
notch Charpy specimens. Although the 
curves virtually coincide, the fracture 
point depends considerably on the num- 


failed on reloading at a lower load than 
had been reached previously. 

Note in Fig. 3 that the plastic notch 
strain at a nominal stress of 60,000 psi 
is less than 0.2 per cent. This is difficult 
to understand, considering Brown’s 
photoelastic data (8), which show that 
the local elastic stress is five times the 
nominal stress. This means that plastic 
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4.—Deformation Behavior of Slow Notch-Bend Specimens of Various Sizes Geometrically 
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Fic. 5.—Effect of Size on the Deformation Resistance of Notch-Bend Specimens That Are Geo- 


metrically Similar to a Standard V-Notch Charpy Impact Specimen. 


flow should begin at a nominal stress of 
85,000/5 = 17,000 psi for a yield strength 
of 85,000 psi, and one would expect 
considerably more flow than 0.2 per 
cent by the time the nominal stress 
reached 60,000 psi. 


Figure 4 shows nominal stress versus 
notch strain curves for specimens that 
are geometrically similar to the standard 
Charpy-bar. Within the limit of the 
scattering, the unwelded specimens de- 
fine a single curve, while the welded 
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specimens tend to follow a lower curve. 
The situation is shown more clearly in 
Fig. 5, which is a crossplot of Fig. 4 at 
3.2 per cent plastic strain. Figure 5 
shows that there is no effect of size on 
the deformation resistance, thereby con- 
firming the law of similitude, but that 
welding may cause the nominal stress 
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of welding on the notch bend strength. 
Scribed lines 0.1 in. apart tangentially 
were found to be about 1 per cent farther 
apart after welding (average of 0.94, 
1.41, and 0.64 per cent for three different 
sets of lines), thus indicating the intro- 
duction of very high residual stresses by 
welding. 


ted 

for 
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for a given notch strain to be abnormally 
low. Although the early part of the 
nominal stress curve for the 2.75-in. 
welded specimen is low, the fracture 
point does lie on the average curve for 
unwelded specimens, and consequently 
the fracture strength does not need to be 
corrected for the welding effects. For the 
8.94-in. specimen, however, the fracture 
strength has to be corrected from 105,000 
psi to about 165,000 psi, because of 
welds in close proximity to the notch. 
For this large specimen, strain measure- 
ments at the notch root before and 
after welding revealed that residual 
stresses were responsible for the effect 
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___ Fic. 6.—Fracture Data for Slow Notch-Bend Specimens That Are Geometrically Similar to V- 
Notch Charpy Impact Specimens. Numbers adjacent to points are number of sucessively higher 
loading and complete unloading cycles prior to fracture. 


Figure 6 summarizes the fracturing 
data for specimens of various sizes geo- 
metrically similar to a standard Charpy 
bar. The notch ductility values in the 
lower graph have been fitted by a family 
of curves corresponding to different load- 
ing histories. Only the curve for 10 
loading-unloading cycles is defined by 
enough points to show the trend with 
size and the other curves were drawn 
roughly parallel to this one. Ductility 
decreases tremendously with size and 
appears to approach zero asymptotically. 
The values for the smallest notched 


specimens are almost as high as for 
small, wide unnotched specimens (32 
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and 34 per cent for two tests). For two 
loadings of a 9-in. specimen, the ductility 
was estimated at only about 3 per cent 
from extrapolation of SR-4 gage data, 


as shown in Fig. 7. 


mens have a nominal strength equal to 
that of small unnotched specimens 
(205,000 and 227,000 psi for two tests). 
In Fig. 6 there is but little loss of strength 
corresponding to a very large effect on 
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The effect of loading history on notch- ductility, because of the comparative 
bend strength is small (upper graph of flatness of the curves in Fig. 4 beyond 
Fig. 6), and so only one trend curve has about 3 per cent. If the ductility fell 
been drawn. There is a 20 per cent loss below about 1 per cent, the effects on 
of strength over the size range from 0.2 strength would be much greater. 
to 9.0 in. The smallest notched speci- Figure 8 shows the notch bend strength 
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Fic. 9.—Effect of Notch Sharpness on Bend Strength of Specimens with 20 per cent Notch Depth 


Fic. 10.—} by 2 in. Bend Tests of 0.36 per cent Carbon, 1.6 per cent Manganese, 2.2 per cent 
Chromium, 3.6 per cent Nickel Steel Austenitized at 1725 F, Oil Quenched, Tempered at 1220 F, 
and Temper Embrittled 16 hr at 878 F, Rockwell Hardness C 30. Specimen A Had No Crack and a 
Nominal Bend Strength at About 1 per cent Strain of 198,000 psi. Specimen B hada Short Diagonal 
Crack and a Nominal Bend Strength of 212,000 psi. Specimen C had a Long Transverse Crack and 
a Nominal Bend Strength of 212,000 psi. 


of all specimens with 20 per cent notch — each other but with three different values 
depth. There are three series of tests of notch sharpness (the solid curves). 
with specimens geometrically similar to Notch sharpness is defined as a/40r, 
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where r is root radius and a is gross 
beam depth. With this definition, speci- 
mens geometrically similar to the stand- 
ard Charpy bar have a notch sharpness 
of unity, specimens with ten times 
smaller root radii have a notch sharpness 
of 10, and unnotched specimens have a 
notch sharpness of zero. Test results for 
a notch sharpness of unity from Fig. 6 
are shown in the upper part of Fig. 8 
again for comparison purposes. There is 
little, if any, effect of size on strength 
for unnotched specimens, a moderate 
effect for specimens with unit notch 
sharpness, and a very large effect for a 
notch sharpness of 10. Apparently the 
unnotched bending strength is ap- 
proached as an asymptote as the size 
of the notched specimen diminishes, and 
it might be envisioned as an “ideal” 
bend strength. As the size increases from 
ve in. to 9 in., the strength falls 27 per 
cent and 70 per cent below ideal for 
notch sharpnesses of unity and 10 re- 
spectively. 

The strength of small specimens with 
a notch sharpness of 10 cannot be deter- 
mined directly because of machining 
difficulties. However, the values may be 
determined indirectly by replotting the 
data of Fig. 8 with notch sharpness as 
the abscissa as in Fig. 9, and extrapo- 
lating to sharper notches. The circled 
X in Fig. 8 marked “extrapolated” is 
such a value for a 0.4 in. size and notch 
sharpness of 10 in Fig. 9; it is accurately 
located by a short extrapolation of a 
well-defined curve. The accurate defini- 
tion of the curves in Fig. 9 is aided by 
the fact that they must all approach the 
unnotched strength as an upper limit. 

Figure 8 shows that small specimens 
with sharp notches and large specimens 
with mild notches are strong, but large 
specimens with sharp notches are weak. 
The effects of exceedingly sharp notches 
will now be discussed. 
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Size Effects in Specimens 
Sharp Notches: 


The dashed curves in Fig. 8 represent 
two series of tests each with constant 
notch radius. These curves are consider- 
ably steeper than those for geometrically 
similar specimens, because of the com- 
bined influences of increasing notch 
sharpness (a/40r) and size. For the worst 
combination of size and notch sharpness 
(a = 9, r = 0.001) the notch bend 
strength is only 43,000 psi, or only one 
fifth of that for small specimens. 

The curves in Fig. 8 are defined by 
points from unwelded specimens. The 
strengths of welded specimens were some- 
times near and sometimes much below 
the curves, probably depending on the 
proximity of the welds to the notch. 
A particularly striking example of the 
detrimental effects of welding is shown 
by the 9-in. welded specimen with 
0.001-in. root radius. This specimen 
broke with a nominal stress of only 1000 
psi, or a load only three times its own 
weight! 

As evident from Fig. 9, the loss of 
strength with notch sharpness becomes 
greater as the specimen size increases. 
Even in the largest size, however, the 
loss of strength is not as great as in 
brittle materials, where the strength is 
governed by the stress concentration 
factor. In the steepest part of the curve, 
over the notch sharpness range from 1 to 
10, the strength loss is only a little over 
a factor of 2, while the stress concentra- 
tion factor becomes three times as large. 

The shape of the curves in Fig. 9 
indicates very little additional weakening 
from notches sharper than the sharpest 
one tested. This conclusion is partially 
supported by the previously mentioned 
result for a cracked specimen, Fig. 1, 
where the radius at the edge of the crack 
is presumably exceedingly small. This 
specimen was somewhat stronger, if 
anything, than a specimen with a sharp 
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machined notch (85,000 psi as compared 
with an interpolated value in Fig..8 of 
about 70,000 psi for 0.001-in. absolute 
notch radius). The greater strength may 
be due to the circular geometry of this 
crack as compared with straight notches. 
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Fic. 11.—Effect of Notch Depth on Nom- 
inal Bend Strength. Numbers Adjacent to 
Curves Indicate Gross Beam Depth, a, and 
Notch Sharpness, a/40r. 


The fact that specimens with stationary 
cracks are often no weaker than sharply 
notched ones has been observed pre- 
viously (3) for some spin tests. Also, it 
had been found earlier that a transverse 
crack on the tension side of a temper 
embrittled bend specimen did not reduce 
the bending strength, in spite of the 
fact that the cracked specimens exhibited 
extreme brittleness (Fig. 10). 


1 
' 


— OF STEEL 


Notch Depth Effects: 


Figure 11 shows some results for 
notch depths other than 20 per cent. 
For 2-in. bars with a notch sharpness of 
10, the strength falls rapidly with notch 
depth, reaches a minimum at 20 to 30 
per cent and increases again at 50 per 
cent. Notch tension tests of other high- 
strength steels also show a similar min- 
imum (9), though at a larger notch depth. 
The increase in strength beyond the 
minimum may be due either to the notch 
sharpness effect or to the size effect. 
For a constant gross beam depth, a, and 
a constant root radius, r, an increase in 
notch depth, d, will result both in a 
decrease in size (defined in this case as 
net depth, or a-d) and a decrease in 
notch sharpness (defined in this case in 


relation to the net depth =), Both 


factors would contribute to increased 
strength but apparently the 16 per cent 
increase beyond the minimum in Fig. 11 
is primarily due to the size effect. Figure 
8 shows that a 12 per cent strengthening 
would be expected for a size reduction 
corresponding to an increase in notch 
depth from 20 to 50 per cent. For 100 
per cent notch depth, the strength 
would be expected to rise to a high 
value again from either size or notch 
sharpness effects. 


Effects of Hydrogen: 


Since small specimens lose hydrogen 
rapidly, at the time of testing the large 
specimens could conceivably contain 
substantially the same amount of hydro- 
gen as the original forging, while the 
small ones were essentially hydrogen- 
free. If this steel were extremely sus- 
ceptible to hydrogen embrittlement, the 
size effect could be attributed to differ- 
ences in hydrogen contents. 

To investigate this possibility, several 
small 0.192-in. square specimens with 
9 per cent notch depth and notch sharp- 7 
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TABLE II.—EFFECTS OF HYDROGEN. 


Estimated 
Charging Time, | Hydrogen Nominal Bend 
hr Content, Strength, psi 
ppm (10) 
0 180 000\188 000 
0 195 000{ average 
5 158 000\160 000 
5 163 000/ average 
10 151 000\143 000 
10 135 000) average 
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Fracture (X 500). 


ness of 5 were cathodically charged with 
hydrogen at 5 amp in 4 per cent H.SO, 
+ As solution. After charging, they were 
stored in liquid nitrogen until testing. 
Slow bend tests were completed within 
1 min after heating to room-temperature 
in a water bath. The test results are 
shown in Table II. 


Fic. 12.—Fracture Cross-Section of a Broken Notched-Bend Specimen. Note Cleavage Mode of 


These results show that hydrogen 
causes a significant loss of strength; 15 
per cent at 5 ppm of hydrogen and 24 
per cent at 10 ppm of hydrogen. Figure 
11 shows that a 9-in. bar with a 9 per 
cent notch depth and a notch sharpness 
of 5 would have a strength of only 
107,000 psi, or 43 per cent less than a 
small, uncharged specimen. This: large 
specimen would have only 3 ppm of 
hydrogen at most (the hydrogen content 


of the rotor) (1). Summarizing: a small 
specimen with 10 ppm of hydrogen is 
24 per cent weaker than a small un- 
charged specimen, whereas a large speci- 
men with only 3 ppm of hydrogen is 43 
per cent weaker than a small uncharged 
specimen. From these results it must be 
concluded that, while hydrogen is an 


jé' 


important factor, the size effect cannot 
be explained by hydrogen embrittlement 
alone. 


Effects of Testing Temperature: 


Two tests were carried out at —30C 
to see whether the extremely low 
strengths of large specimens would be 
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creases the room temperature strength 
43 per cent. 

The notch ductility at —30 C cannot 
be measured on these specimens with 
notch sharpness different from unity but 
the measured bend angle corresponded 
to 5 per cent strain for unit notch radius 
and presumably more for the sharper 
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Fic. 13.—Crack Propagation Characteristics of Nickel-Molybdenum-Vanadium Steel in Notch 


Bend Tests. 


obtained in small specimens by lowering 
the testing temperature. The results 
show that specimens 0.192 in. square 
with a 9 per cent notch depth and a 
notch sharpness of 5 have strengths of 
200,000 psi at room temperature and 
165,000 psi at — 30 C (average of 164,000 
and 167,000 psi). Thus, lowering the 
temperature by 50C causes a loss of 
strength of 17 per cent in small speci- 
mens. By contrast, Fig. 11 shows that a 
size 0.1! 192 to 9 in. de- 


notch while the ductility of large bars 
is only a few per cent, even for a notch 
sharpness of unity. Thus, lowering the 
test temperature by 50 C causes much 
less weakening and embrittlement than 
increasing the size by a factor of 50. 


Crack Propagation Behavior: ae 
All bars larger than 7% in. square 


broke suddenly, with a loud noise, and 
without any warning in the form of 
In the 


developing cracks. 
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7s-in. bars a few short discontinuous 
cracks near mid-width could be found 
with a microscope just prior to sudden 
rupture. The sudden rupture, or “brittle 
crack propagation,” was by cleavage, as 
shown in Fig. 12. Specimens showing 
some slight tearing before rupture also 
exhibited a microscopically narrow shear 
lip under the notch. 

The cleavage crack did not always 
progress all the way through the speci- 
men. Figure 13 shows that there is more 
tendency for incomplete fracture if the 
specimen is small, if the root radius is 
small, or if there are welds near the 
notch. A shallow notch or a long bending 
span promotes complete separation by 
cleavage. In short, complete separation 
is more likely if the stored energy is 
higher. 

The above observations are similar to 
those for mild steel (5). For a given size 
of mild steel specimen, a sharper notch 
caused sudden fracture to start earlier, 
but to progress less far than for a milder 
notch. Increasing the size reduced the 
gradual tearing preceding the onset of 
sudden fracturing and promoted com- 
plete separation. However, the size for 
a given effect is much larger in mild 
steel. A 4in. mild steel specimen still 
exhibited some gradual tearing and a 
shear lip, while the rotor steel speci- 
mens showed none of these features if 
the size was above about 0.4 in. 


DISCUSSION 


There exists much confusion in de- 
scribing the fracturing behavior of 
steels due to the use of different criteria 
of “brittleness.” One criterion is the 
complete absence of plastic strain prior 
to fracture, as with hardened tool steel. 
Another is low energy absorption in 
fracturing. Still another is the sudden- 
ness of crack propagation and the ap- 
pearance of the fractured surfaces. 

If one defines “brittleness” as lack of 
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any plastic strain prior to crack initia- 
tion, then this steel is not brittle. The 
ductility measurements show greater or 
lesser plastic strain prior to fracture, 
depending on size and possibly notch 
sharpness, but always a finite plastic 
strain. On the other hand, if one defines 
“brittleness” as propensity to sudden 
crack propagation by cleavage, the ma- 
terial is practically 100 per cent brittle 
at room temperature over the size range 
investigated. This difference between 
“ductility brittleness” and “appearance 
brittleness” has been noted in notched 
bend tests of mild steel (11). In the case 
of mild steel, however, increasing the 
specimen size did not reduce the notch 
ductility as it did for this rotor steel, 
although the appearance brittleness did 
increase with size. 

In this rotor steel, the notch ductility 
essentially equals the wide, unnotched 
bend ductility if the notch-bend speci- 
men is sufficiently small, but the notch 
ductility becomes progressively less than 
the unnotched ductility as the size of 
the notch bend specimen increases. The 
fact that notch ductility equals un- 
notched ductility under some conditions 
and is much less under other conditions 
has been observed previously (3,11). In 
another alloy steel, the notched and 
unnotched ductilities were essentially 
equal for the one heat treatment and 
greatly different for another heat treat- 
ment (3). In mild steel (11), notched and 
unnotched ductilities are equal at room 
temperature but at lower temperatures 
the notch ductility is much less than the 
unnotched ductility. In all these cases, 
the fracture was observed to start at the 
surface when the notched and un- 
notched ductilities were equal, while 
surface fracture in notched specimens 
could never be observed when the notch 
ductility was less than the unnotched 
ductility. These observations have been 
explained (3,11) in terms of triaxiality 
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(tension in all three principal directions), 
which exists below the notch root of a 
notch bend specimen but does not exist 
in unnotched bend specimens. If the 
metal is sensitive to triaxiality, a crack 
will start below the notch root, even 
though the strain is less there than at 
the surface, and in that case the surface 
strain (notch ductility) may be less 
than the unnotched ductility. If the 
metal is insensitive to triaxiality, it will 
break at the surface, where the conditions 
are the same in both notched specimens 
and wide, unnotched specimens (plane 
strain). When the conditions at the 
fracture origin are the same in notched 
and unnotched specimens, it is to be 
expected that notched and unnotched 
ductility values would be equal, as ob- 
served. As yet this hypothesis of sub- 
surface fracture initiation has not been 
substantiated by direct observation 
only by the indirect observation that 
surface fracture cannot be observed when 
notch ductility is less than unnotched 
ductility. 

According to the law of similitude of 
elastic and plastic deformation, geo- 
metrically similar specimens loaded at 
corresponding points by forces which are 
in proportion to cross-section will have 
identical states of stress and strain. This 
means that geometrically similar speci- 
mens should have the same nominal 
bend strength if fracture depends only 
on the local magnitude of stress or strain. 
Since this is not the case, the important 
factor contributing to the greater weak- 
ness of large specimens may be the in- 
creased volume of critically strained 
metal in large specimens, analogous to 
suggestions by Peterson (12) for fatigue 
failure. The reason for this effect of the 
increased volume of critically strained 
metal is not clear now, -but one possi- 
bility, deriving from the statistical theory 
of fracturing (13) is the increased prob- 
ability of a serious “defect” occurring 
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in the metal. Another possibility is that 
a slowly tearing crack can become of 
sufficient size to initiate brittle crack 
propagation without growing out of the 
critically strained region, if the volume 
of critically strained metal is sufficiently 
large. 


CONCLUSIONS 


1. The notch bend strength is high for 
a large specimen with a mild notch ora 
smal] specimen with a sharp notch, but . 
as low as 40,000 psi for a large specimen 
with a sharp notch. 

2. Beyond a certain notch sharpness, 
the strength does not decrease very 
much, and apparently a crack is no more 
severe than a sharp machined notch. 

3. In specimens geometrically similar 
to the standard Charpy V-notch speci- 
men, the notch ductility decreased from 
about 30 to 3 per cent over a size range 
from 0.2 to 9 in. 

4, ;s-in. notch bend bars tear slightly 
at the surface before sudden rupture, 
and have the same ductility as wide, un- 
notched bars. 

5. Notch ductility increased with in- 
creasing number of successively higher 
loading and unloading cycles prior to 
fracture. 

6. For a given gross beam depth, the 
strength decreases rapidly with notch 
depth and reaches a minimum at 20 to 
30 per cent. 

7. Hydrogen-charged specimens were 
somewhat weaker than hydrogen-free 
specimens, but not nearly enough weaker 
to account for the observed size effect. 

8. The notched bend strengths of 
small specimens are decreased by lower- 
ing the test temperature from +25 C to 
—30 C. This represents a much smaller 
weakening effect than a size increase 
from 0.2 in. to 9 in. at room temperature. 

9. All but the ;-in. specimens failed 
by sudden cleavage without any pre- 
ai gradual tearing. The cleavage 
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fracture resulted in complete separation 
except for certain few combinations of 
short loading span, small size, sharp 
notch, deep notch, or proximity of welds. 

10. There was a detrimental] effect of 
residual welding stresses on the bend 
strengths of some specimens with welded- 
on extensions. An extreme example was 
a large specimen with a sharp notch 
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ing Data from Fatigue Tests of Stress 
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(13) W. Weibull, “A Statistical Theory of the 
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square root of notch depth, or crack sim- 
ulating notch depth. As to the notch root 
radius, there was a comment by George 
Sachs regarding the Kies-Irwin view- 
point to the effect that we employ effec- 
tive notch-stress concentration factors so 
high the strength tends to be independent 
of notch sharpness. 
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: Referring to Fig. 8 of the authors’ 
paper, the open diamonds and squares 
represent the smallest notch root radii. 
I found that a curve in which the ordi- 
nate is inversely proportional to the 
square root of notch depth goes exactly 
through all such measured points beyond 
those corresponding to the smallest test 
bars. Evidently, in this respect, there is 
a close similarity between the Lubahn- 
Yukawa and the Irwin-Kies-Smith pa- 
pers. 

I agree with the authors that sharp 
notches do fairly well represent actual 
cracks. Tests of the nature of those re- 
ported by the authors were quoted by 
Winne and Wundt’ as the basis for some 
of the G. values listed in their paper. 
For the reciprocal square root relation 
which fits the smallest root radius points 
of the authors’ Fig. 8 I calculated a G, 
value similar to those in the Winne- 
Wundt paper. Possibly this is not a co- 
incidence. I would like to know whether 
any of the bend test §, values quoted by 
Winne and Wundt were derived from 
measurements reported by the authors 
in this paper. 

3D. H. Winne and B. M. Wundt, “Applica- 
tions of the Griffith-Irwin Theory of Crack 
Propagation to the Bursting Behavior of Disks,”’ 


Paper 57-A-249, Am. Soc. Mechanical Engrs., 
Dec., 1957. 
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Mr. CLARENCE SmitH.*—Were any 
particular pains taken to make these 
small notches free from stresses due to 
machining? 

Mr. S. YuKAwA (author)—In reply 
to Mr. Irwin, I agree with him that the 
strengths of sharply notched specimens 
larger than 2 in. square can be described 
by a single curve which fits the inverse 
square root relationship with a G. value 
of about 125 lb per in. However, the steel 
used in these tests is a different one from 
those described in the Winne-Wundt 
paper. 

In regard to the preparation of the 
notch, no special effort was made to 
stress-relieve the notch after machining. 
The small radius notches were made by 
first blanking out the notch and then 
finishing up to the required radius by 
several light cuts. The specimens were 
tested as-machined without any subse- 
quent thermal treatment. Undoubtedly, 
some localized stresses due to machining 
exist, but their effect is believed to be 
minor. 

CHAIRMAN W. T. is 
certainly gratifying to see such a large 
range of sizes in a size-effect study. We 
do not often see such an enormous vari- 
ation in sizes in this type of investigation. 
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* Convair, San Diego, Calif. 

5 Chief Research Engineer, Specialty Pro- 
ducts, Applied Research Laboratory, U. 8. Steel 
Corp., Monroeville, Pa. 
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CORRELATION OF TESTS USING 
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THE CONGRUENCY PRINCIPLE* 


By J. D. Lusann' 


The congruency principle states that fracture w il occur at the same nomi- 
nal stress in two different objects if the nominal stress gradient at the notch 
root is the same in both objects and if the notches are congruent in the two 
objects. This concept was applied to the results of notch bend tests and notched 
disk bursting tests. The strengths in the two types of tests could be correlated 


within about 8 per cent. 
The congruency principle and anot 


In the last decade or two there has 
come into prominence the problem of 
“brittle” failure of structures under 
sfatic loading. These structures have 
been made of materials which are duc- 
tile according to standard tests, but in 
service there were no obvious indications 
of plastic flow preceding or accompany- 
ing the rapid crack propagation that re- 
sulted in complete separation. It is gen- 
erally presumed that plastic flow did 
indeed precede failure but was localized 
to such a degree as not to be apparent. 
Consequently, the word “brittle” has 
been widely applied to these failures. 
Actually it is not the brittleness itself 
which is of concern but rather the asso- 
ciated loss of load-carrying capacity. It 
is common practice to design a structure 
for static load application in such a way 
that anticipated service loads will be less 
than that required to cause excessive 
* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 


1 Knolls Atomic Power Laboratory, General 
Electric Co., Schenectady, N. Y. 


ay? theory, were also compared as tu accuracy of ictal, and ee of 
applicability. 


her fracture concept, the Griffith-Irwin 


distortion by plastic flow. “Brittle” 
failure, then, is only of concern if it 
causes the load-carrying capacity to be 
less than that for which the structure was 
designed. 

It has been found that “brittle” frac- 
ture becomes a more serious problem as 
the temperature is lowered and as the 
size of the structure increases. The term 
size effect usually refers to the fact that 
the problem of brittle fracture is more 
severe in large size structures. In the past 
few years, a number of investigations 
(1-6)? have been directed toward the 
effects of size and temperature on brittle 
fracture. 

One theory of the size effect in brittle 
fracture is the Griffith-Irwin theory of a 
critical energy release rate, G,. Data 
supporting this theory are available in 
papers on mild steel by Orowan (7), 
Irwin (8), Wells (9, 10), and Battelle 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


678 


Wa 


Memoria! Inst. (11), and on alloy steel 
forgings by the General Electric Co. (12). 
By means of this theory it now appears 
possible, within certain limitations, to 
explain the size effect and, what is more 
important, to relate one test to another. 
Any concept that is adequate to relate 
one test to another will be valuable in 
predicting service performance from 


TABLE IL—COMPARISON OF NOTCH 
BENDING AND NOTCH DISK BURSTING 
RESULTS IN TERMS OF THE GRIFFITH 
IRWIN THEORY (12). 


G- In Notch Disk 
Bursting, in- 


G- In Notch Bending, 
in-lb per sq in. 


Ib per sq in. 
or 6/ 
Por Notch | | For0.2 | For 1.0 
For 20 Per Cent Notch gp a | in. Notch |in. Notch 
‘ 
247 182 133 
245. 286 240 
127 
250 
Average 238....... 266 182 | 187 
Average for all notch 
depths. . 252) 184 
Bending strength As 
for deep notch 266 
= = 1.06 
Bending strength 238 
for shallow notch 
Bending strength, 
all notch depths 252 
Disk bursting strength, 184 


all notch depths 


_ laboratory test results. The extent to 


which limitations must be imposed on 
the Griffith-Irwin theory have not yet 
been established. In particular, the range 
_ of sizes, types of loading, temperatures, 
- materials that can be handled by the 
theory have not been determined. 
The use of the Griffith-Irwin theory in 
correlating test results is illustrated by 


: the notched bend test and notched disk 


_ bursting test results shown in Tables VI 
and VII of reference (12). These results 


LUBAHN ON Tests USING CONGRUENCY PRINCIPLE 


have been reproduced below for compari- 
son (Table I). The comparison shows that 
the notch depth effects can be accounted 
for within 6 per cent in either type of test 
and that the two types of tests can be 
correlated within 17 per cent, if the com- 
parison is put on the basis of nominal 
stress* (nominal stress is proportional to 
the square root of G., as discussed in 
reference (12)). 

Another concept for relating one test to 
another has been suggested by Sachs as 
described by the author in reference (13). 
According to this concept, fracture will 
occur at the same nominal stress in two 
different objects if the local initial elastic 
stress distribution is the same in the neigh- 
borhood of the notch root, even though 
conditions elsewhere are considerably 
different in the two objects. 

In this paper a modification of Sachs’ 
concept will be applied to notch bend 
tests and internally-notched disk burst- 
ing tests (3, 5, 12). This concept will be 
referred to as the “‘congruency principle.” 
According to this concept, fracture will 
occur at the same nominal stress in two 
different objects if the nominal stress 
gradient at the notch root is the same in 
both objects, if the notches are congruent 
in the two objects, and if the effect of the 
notches on the local stress distribution 
does not extend beyond the nearly-linear 
portion of the nominal stress distribu- 
tion. 

In applying the congruency principle 
to notch bend tests and notch disk tests, 
it is necessary to determine the size of 
beam that may be considered equivalent 
to a given disk. This beam size may be 
determined from the nominal stress dis- 
tributions in the beam and the disk. In 
calculating these nominal stress distribu- 
tions, the notched beam is treated as 


3’ Nominal stress is the value that would be 
calculated from the loads if the notch were dis- 
regarded and the metal were assumed to behave 
elastically. 


4 
if 
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though it were an unnotched beam hav- 
ing the same depth as the net depth of 
the notched beam, and the notched 
disk is treated as though it were an un- 
notched disk of the same outside diame- 
ter as the notched disk but with a bore 
having the same inside radius as the ra- 
dius to the notch root of the notched 
disk. In the case of the disk, it is neces- 
sary, for a strictly rigorous evaluation of 
nominal stress and nominal stress gra- 


Nominal Stress 
Distribution for 


Nominal Stress +~ 
Distribution for | 
Disk 


-Outline 
of Beam 


tions for Equivalence of Notched Beam and 
Notched Disk Tests. 


dient, to consider the centrifugal force of | 


the material at smaller radii than the 
radius to the notch root. However, for 
rather shallow notches the effects of this 
material are quite small, and will not be 
considered in computing nominal stress 
gradient, although the small effects on 
nominal stress level will be considered. 
The fact that the effects become large for 
large notch depth is of no concern be- 
cause the entire concept can be applied 
only when the notch is rather shallow. 
The tangential stress in the bored un- 
notched disk has the tangential stress 
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distribution’ indicated by the solid line 
in Fig. 1. This stress distribution is ex- 
pressed by: 

(pw*) 


3+4 a?b? 


_ 1+ 3u 
3+u 
neglecting the effects of finite thickness. 
The radial rate of change is: 
dS, 3+4u ( 2a*b? 1+ 3u ) 
— (pw?) | — —2 
dr 8 3+4 
To a small crack or notch in an addi- 
tional layer of metal at the inner surface 
of the disk, this stress distribution will 
appear similar to that in a similarly- 
notched beam in bending if the beam 
depth equals the distance c — a, such 
that both beam and disk have the same 
nominal stress gradient at r = a. Thus 
the stress gradient in the disk will be 
equal to that of the beam of depth, D, 


S,= 


2S; 
=¢ a ds, 
1 3 
a? + 2b? — a 
D= -—2 
2b? 1 3u 


b? 3+ 
2 1+ 3u 
3+ 


Since in the disk tests, a/b is always a 
fairly small number, and the factors in- 
cluding Poisson’s ratio are less than one, 
the above expression becomes practically 


D = 2a. 


4See Timeshenko, “Strength of Materials’, 
Vol. II, p. 247 (1941) w = Poisson’s ratio; p = 
density /acceleration due to gravity;w = angular 
velocity in radians per second; r = radius;a = 


radius of hole; b = outside radius. = 


= 
| 
i2 
! 
j 
| 
| 
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That is, the depth of the equivalent un-_ side diameter, with two 0.406 in. deep 
notched beam would be about equal to saw cuts at each side of the hole. Accord- 
the bore diameter of the unnotched _ ing to the above concepts, this disk would 
disk. be treated as though it were an un- 

In order to maintain strict congruency, notched disk of [1.259 + (2)(0.406)| = 


TABLE II.—COMPARISON OF NOMINAL STRENGTHS OF DISKS AND BEAMS USING 
CONGRUENCY PRINCIPLE. 
(Data from references (2, 3, 5, and 12)) 


Forging WD1B Forging WD Forging WD Forging WL 
Disk Data 
Outside diameter, in................ 24 24 9.055 19 
Inside diameter, in.................. 314 34 1.259 314 
eer eee 95 000 110 000 122 000 
ye 49 000 (WD1A, 63 F, 6 in. thick) 
71 000 (WD2A, 115 F, 6 in. thick) 
49 000 (WD7A, 79 F, 2 in. thick) 
ear 68 000 (WD8A, 80 F, 2 in. thick) 
Beam Data 
Equivalent beam 
Notch depth, per cent............. 5.2 16 16.5 16 
Tested beam 
Notch depth, per cent............. 20 20 20 20 
St th 4 102 000 102 000 102 000 112 000° 
PSL... 106 000 106 000 106 000 
Correction for notch depth.......... 1.33 1.03 1.03 1.03 
Correction for beam depth........... 0.74 0.617 0.98 1.0 
| {101 000 65 000 103 000 | 115 000 
Sorrected s Sere rere. 105 000 67 000 107 000 
103 000 66 000 105 000 
Ratio of beam to disk strength....... 1.08 1.12 0.96 0.93 


* Extrapolated with respect to size. 


the width of the beam should be chosen 2.071 in. inside diameter and 9.055 in. 
equal to the disk thickness, but the beam outside diameter. The equivalent beam 


—— is probably not a very critical would have a net depth of 2.071 in., 
actor. 


As an example of the use of the above 
correlation, consider disk test WD3T °tch depth of 0.406 in. (16.5 per cent). — 
from Table III of reference (12). This is The disk failed at 28,140 rpm. The cor- 


9.055 in. outside diameter, 1.259 in. in- responding nominal tangential bore stress 


gross beam depth of 2.477 in., and a 
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is found by substituting r = a = ate 

0.000736, and w = 1S X 20 in the 


60 
above equation to obtain S,; = 108,300 
psi. In addition, there is a small amount 
of tangential stress at the bore due to 
the centrifugal force of the material be- 


tween r = ee = 0.630 in. and r = 
= = 1.036 in. which contains the 


notch; but was not considered as part of 
the unnotched disk in the above calcula- 
tions. This exerts an internal pressure 
po of: 


1 1.036 
~ dr = 1760 psi 
1.036 & 


which causes a tangential bore stress of 


(4.528% + 1.036% 
= 1960 psi 


The total nominal stress is 108,300 + 
2000 = 110,300 psi. 

Now this strength value could be com- 
pared with that of a beam if the beam 
had a net depth of 2.071 in. and 16.5 per 
cent notch depth, that is, if data were 
available for the “equivalent beam.” 
The nearest beam tests have 2 in. net 
depth and 20 per cent notch depth (Ta- 
ble VI of reference (12)), and conse- 
quently are not strictly comparable. 
However, the comparison can be made 
if small corrections for net beam depth 
and notch depth are made on the basis 
data on a material. Reference 


(1) J. D. Lubahn, “The Effect of Temperature 
on the Fracturing Behavior of Mild Steel,” 
‘elding Journal, } Nov., 1956. 
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103,000 psi and (1.03)(0.98)(106,000) = 
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Mr. G. R. Irwin.'—The method of 
measuring the crack extension strength 
of the material in terms of the G. value, 
as the author has noted, led to a definite 
numerical value which could be recorded 
for that particular thickness and tem- 
perature of the material. The method 
which the author has just described 
seems to be somewhat more general. 
From the basic nature of dimensional 
analysis and of the congruency prin- 
ciple, it would seem to include within 
it the approach which I was presenting 
and I have no complaint or disagree-, 
ment with it.? 

I should like to ask the author whether 
he has a suggestion as to how in his 
measurements and presumably on very 
short notches completely surrounded 


1 Superintendent, Mechanics Division, U. 8. 
Naval Research Laboratory, Washington, D. C. 


2 See p. 640 of this publication. 
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with plastic strain, he would place _ 
numerical values on his results? 

Mr. J. D. LuspHan (author) —When 
you ask, “How can one put a numerical 
value on the result?” I presume that | 
you are asking, “What material prop- 
erty, similar to the critical energy re- 
lease rate can be determined by using 
the congruency principle?” The answer 
is that one cannot obtain a basic mate- 
rial property; and that is a definite 
disadvantage of the method. The > 
method is purely an empirical correla- — 
tion between two types of tests. Let us 
say one wanted to predict the bursting __ 
speed of a notched disk. What one has 7 
to do is to make a notch-bend specimen, 
which has the correct beam depth to — 
give the nominal stress gradient that 
exists in the disk. Then one must intro- 
duce an identical notch. did not 


I 


— 
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mention this before, but the notch- 
bend specimen must also be the same 
thickness, as the disk. Finally one 
measures the nominal strength. Then, 
by assuming that the disk would have 
that same nominal strength as the 
notch-bend specimen, one could figure 
back to the bursting speed of the disk. 
In this entire analysis, no basic quantity 
similar to a G. value, appears. 

There is one more limitation, in addi- 
tion to that of requiring the correct 


thickness of the beam, that must be 
imposed upon the method: if the notch 
is too deep, so that the disturbance of 
the nominal stress distribution because 
of the notch, extends beyond the region 
where the nominal stress distribution 
can be considered as being a straight 
line, the correlation will not be valid 
either. Thus, the limitation of com- 
paratively shallow notches has to be 
imposed on the congruency 
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EFFECT OF STRAIN RATE AND TEMPERATURE ON THE ‘ 


STRENGTH OF 


‘Ra AY MOND 


MAGNESIUM ALLOYS* 


FENN, Jr.' AND JAMES: A. Gusack' 


SYNOPSIS 


Investigation of the effect of strain rate (0.005, 0.050, 0.50 and 5.0 per 
min) on the strength of several rolled, extruded and cast magnesium alloys 
at temperatures up to 900 F reveals significant increases in strength with 
increasing testing speed. This study provides information for use in design 
of structures subjected to rapid loading. It also points out the need for 
standardizing the speed of testing in elevated-temperature testing. 


It is known that the speed of testing of 
materials as well as the test tempera- 
in affects their mechanical properties. 


In general strength increases with in- 
"creasing strain rate and decreases with 
increasing test temperature. 
When service loads are rapidly 
_ applied, it is possible that a more effi- 
cient structure could be designed by 
taking advantage of the higher strengths 
accompany rapid strain rates. 
However, many testing laboratories test 
. material at only one, relatively slow, 
strain rate. Therefore, a relationship 
Bt strength properties and various 
- strain rates could be useful to structural 
designers, and also to those comparing 
results of property determinations ob- 
tained at different strain rates from 
different testing laboratories. For these 
reasons a program was initiated to 
determine the relationship of the strength 
of certain magnesium alloys to the strain 
rate and test temperature. 
* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 


1 Metallurgical Laboratory, The Dow Chem- 
ical Co., Midland, Mich. 
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Test PROGRAM AND MATERIALS 


Five sheet, seven extrusion, and six 
sand-cast magnesium alloys were tested 
in tension in duplicate at strain rates of 
approximately 0.005 per min, 0.050 per 
min, 0.50 per min, and 5.0 per min at 
test temperatures of 75 to 900 F. 
Chemical compositions of the alloys 
studied are shown in Table I. AZ31B- 
H24, AZ31B-0, HK31A-H24, HK31A-0, 
and HM21A-T8 sheet alloys (0.064 in. 
thick) were commercially produced. 
The extrusion alloys AZ31B-F, AZ61A- 
F, AZ80A-T5, HM31XA-F, MI1A-F, 
ZK60A-F, and ZK60A-T5 were extruded 
(0.064 by 1.25 in. in cross-section) in — 
pilot-process operations, while sepa- 
rately-cast test bars of AZ91C-T6, 
AZ92A-T6, EZ33A-T5, HK31A-T6, 
HZ32A-T5, and ZH62A-T5 alloys were 
produced by routine sand-casting pro- 
cedures. The properties obtained for all — 
alloys are within the range of properties 
expected for commercial material; the 


strength of the cast ZH62A-TS5 and | 


EZ33A-T5, however, are near the upper 
limits of their scatter bands while the 
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STRENGTH OF SOME MAGNESIUM SHEET ALLOYS. 


Tensile Yield Strength, 1000 psi 


Il.—EFFECT OF STRAIN-RATE AND TEMPERATURE ON THE 


Tensile Strength, 1000 psi 


Test 
Temperature, Strain per min Strain per min 
deg Fahr 
0.005 0.050 | 0.50 | 5.0 0.005 | 0.050 | 0.10 | 0.50 | 
AZ31B-H24 ALLoy 
| 

ee 30.0 30.7 31.5 | 32.2 40.2 40.5 40.5 40.7 
200.......| 23.2 25.1 27.1 29.1 28.5 31.2 32.1 34.1 
300 14.5 17.9 20.4 22.5 | 14.5 20.2 21.7 24.7 
400 6.5 9.7 13.9 18.6 7.3 10.2 11.4 14.8 
6.6 9.4 12.6 4.8 6.6 9.4 
 ~ Sie 2.0 4.2 6.5 9.3 3.2 4.5 5.1 6.5 
1.0 2.7 4.6 | 7.0 2.0 $6 | 4.6 
eee 1.8 3.2 4.7 1. 2.1 3.2 
2.0 | 2.9 an 2.2 

AZ31B-O ALLoy 
ais : 21.4 | 21.6 | 22.0 | 22.8 | 36.1 | 36.5 | 36.6 | 36.9 
200. 17.8 18.1 18.8 21.0 27.0 | 29.0 29.5 | 30.9 
300. . 13.0 14.1 14.6 7.3 19.0 | 21.7 22.5 | 24.2 
SS. «x52 9.2 10.7 12.2 13.7 9.3 12.3 13.5 | 16.5 
500 5.8 8.0 8.7 | 11.5 | 5.8 8.2 8.7 | 10.2 
600 2.9 5.2 | 6.4 | 9.3 3.3 5.2 5.7 7.0 
0.8 3.5 | 46 i 7.5 2.0 3.5 3.9 | 5.0 
800. . 2.0 a3 | £5 3.3 2.5 3.3 
900 | 2.0 3.0 | | 3.2 

76. . 20.2 | 2.7 | 2.2 30.6 34.3 35.7 36.0 37.0 
200. . 26.5 27.2 | 27.7 28.4 28.5 29.9 30.2 31.2 
300. . 24.0 24.6 | 25.2 25.7 24.2 25.5 26.0 27.0 
400. 19.9 | 21.2 | 22.5 | 23.8 | 20.5 | 22.1 | 225 | 2377 
500. . 16.9 18.2 | 19.8 21.2 17.0 18.6 19.0 20.2 
600... 6.5 | 12.2 | 15.5 | 18.1 7.6 | 12.7 | 13.8 | 15.9 
700. . 1.5 4.1 7.5 13.7 2.0 4.9 6.0 9.1 
800. 1.3 3.7 7.0 2.0 2.6 4.7 
900. 2.5 5.0 J | 2.6 

HK31A-O “ALLOY 


_ 
5.0 
1.0 >) 
6.9 
8.7 
3.0 
| 0.0 
7.0 
5.0 
3.0 
2.8 
6.9 
= 
5.0 J 
7.5 
4.5 
3.0 
8.5 
2.6 
8.4 
5.2 
1.7 
8.4 
4.0 
8.1 
5.0 
......) | 19.9 20.7 21.3 23.4 24.1 25 7.7 
.....1 | 16.9 17.0 | 19.1 | 19.5 19.8 20.0 20 2.0 
38.4 14.5 15.2 | 16.7 15.7 | 15.7 16 8.3 
S60.........| 322 12.5 12.7 15.3 14.4 14.5 | 14.5 14 5.3 
9.5 10.2 9.3 11.5 12.0 12 3.5 
ee 2.3 5.2 6.8 9.6 3.2 5.3 6.2 8 0.5 
2.5 4.5 6.4 2.5 3.2 6.8 
ee | 24.8 24.9 | 25.0 | 30.4 | 31.9 | 32.4 33.4 35.0 : 
6.......) Be | Ses 93.7 23.1 24.3 25.7 | 26.2 27.2 28.8 
300 i) 2S > ee 20.7 | 21.5 19.6 21.2 | 21.6 22.7 24.3 
e..:....) HS | 17.5 20.0 16.2 17.1 17.5 18.6 
500.......| 14.1 | 14.6 | 15.5 | 18.2 14.1 14.8 15.1 | 16.0 | 18.2 = - 
| 14.8 | 12.0 19.7 3.6 | 43:7 | 28.1 
7.......1 @& | 10.5 12.0 6.2 | 8.9 9.5 11.0 
| 3s 6.0 8.8 5.0 6.9 9.7 
| 7)... | | 2.5 | 4.9 
687 
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TABLE III.—EFFECT OF STRAIN-RATE AND TEMPERATURE ON THE 
STRENGTH OF SOME MAGNESIUM EXTRUSION ALLOYS. 


Test 
Temperature, 
deg Fahr 


Tensile Yield Strength. 1000 psi Tensile Strength, 1000 psi 


-wean SESE 


tom 


ww hae 
ort 


AZ61A-F ALLoy 


mown 


o 


AZS80A-T5 ALLoy 


= 00 


HM31XA-F Atioy 


. 
P| Strain per min Strain per min 
| 0.005 | 0.050 | 0.50 | 5.0 0.005 | 0.050 | 0.10 0.50 | 5.0 
AZ31B-F ALLoy 
38.2 
34.6 
28.8 
| 21.5 
16.5 
3.8 5.7 
44.7 
200...... 39.7 | 39.8 | 
33.0 | 35.7 
22.8 7.3 
500...... 14.4 | 20.1 
9.3 13.4 
4.0 | 6.0 
| ..:.. 3.3 3.8 
! 48.5 48.5 
20.7 | 26.6 
500...... 11.2 16.0 9.7 10.7 13.5 | 19.7 
12.5 6.4 7.1 9.3 | 14.0 
5.4 8.0 4.0 4.5 5.9 9.5 
4.0 5.7 2.4 243 6.7 
2.0 2.9 1.4 2.0 2.9 
- | Yaa ee | 35.5 | 35.9 | 36.1 | 37.4 | 38.5 | 38.9 | 39.7 | 41.9 
200.......| 30.2 30.7 31.2 33.2 30.0 | 31.5 32.0 33.3 35.7 
F 300.......| 25.5 | 26.1 | 27.4 | 30.5 | 26.0 | 26.8 | 27.1 | 28.2 | 31.0 
400.......| 22.6 | 922.7 23.5 | 26.2 23.0 23.4 23.6 24.3 26.7 
500........| 20.0 20.0 20.7 | 23.1 20.2 20.4 20.5 21.1 23.4 
O..:..:.- Bg 15.1 16.6 | 17.0 | 12.7 15.7 16.3 17.5 18.8 
ae ie 8.4 9.9 12.8 9.3 9.6 9.8 10.7 13.5 
3.2 4.4 7.8 5.0 5.0 5.3 6.0 9.0 
1.0 2.1 | 5.0 1.5 1.9 2.5 5.0 
. v : 7 


TABLE III.—Coneluded. 


RATURE ON MAGNESIUM 


Tensile Yield Strength, 1000 psi Tensile Strength, 1000 psi 
Test 
Temperature, Strain per min Strain per min 
deg Fahr 
0.005 | 0.050 0.50 | 5.0 0.005 0.050 | 0.10 | 0.50 | 5.0 
MIA-F ALLoy 
76... 24.9 26.3 ¥.7 29.2 33.5 36.6 37.5 39.7 42.7 
200. 19.8 21.7 23.7 25.6 26.0 27.1 29.6 33.1 
300. 12.0 15.5 19.3 23.6 17.1 18.0 20.3 25.3 
400. 7.5 10.0 12.8 17.3 11.5 12.0 13.8 17.9 
500 4.8 6.6 8.4 12.0 7.5 8.0 9.5 13.0 
600. . 3.7 4.7 5.8 8.0 5.3 5.7 6.9 9.3 
; Sees 2.6 3.4 4.2 5.0 3.9 4.2 5.0 6.3 
ee ; 2.6 3.0 3.3 3.0 3.1 3.6 4.3 
SE me 2.0 3.0 2.0 2.1 2.6 3.2 
ZK60A-T5 ALLoy 
76... 39.8 42.4 45.1 47.7 51.3 51.6 52.6 53.8 
200... 27.0 31.5 36.0 40.4 37.4 38.6 41.4 45.8 
200... 16.5 21.2 25.8 30.5 24.6 25.8 28.8 34.6 
400 6.5 12.9 17.7 22.5 14.2 15.5 18.8 24.7 
500. 2.3 5.1 8.2 15.1 5.5 6.7 10.2 17.9 
600. . 1.7 2.4 4.1 8.7 2.5 2.9 5.1 10.9 
| 3.0 6.0 1.9 2.0 3.3 6.8 
800. . 1.4 2.1 3.6 1.5 1.6 2.3 4.4 
900. . 1.4 2.1 3.6 1.5 1.6 2.3 3.5 
ZK60A-F ALLoy 

75.. 38.0 39.5 41.0 42.6 50.3 | 50.5 51.0 51.6 
200. 26.5 30.0 33.6 37.2 39.0 | 39.8 41.4 43.7 
300. 15.0 19.9 24.8 29.7 24.1 | 25.6 29.2 34.3 
400 6.2 11.4 16.6 22.0 13.5 15.2 19.0 24.5 
500 2.4 4.8 8.3 15.0 5.3 6.1 9.7 17.4 
600. . 1.4 2.3 4.2 9.7 2.4 2.9 4.9 10.7 
ae 1.3 1.6 2.6 6.6 Be 1.9 3.2 7.2 
eee A 1.4 2.0 3.5 1.4 1.5 2.3 4.2 
See i 2.0 3.5 1.4 1.5 2.3 3.7 


strength of extruded AZ80A-T5 is near 


the lower limit of its band. 


Flat specimens with standard reduced 
sections? were made from the sheet and 


long were machined from the cast alloys. 


The shorter specimens were necessary 


extrusion alloys. Round specimens hav- 
ing reduced sections varying from 5 in. 


(¢ in. diameter) to 1} in. ({ in. diameter) 


2 Tentative Methods of Tension Testing of 
Metallic Materials (E 8-57 T), 1957 Supple- 
ment to Book of ASTM Standards, Part 1, p. 


437. 


Test METHODS) 


to obtain the higher strain rates desired 
at the lower temperatures. 


A 12,000-lb capacity gear-driven 
testing machine (Baldwin model PTE) rr 
equipped with a Microformer stress- _ 
strain recorder (model MA1-B) and 
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TABLE IV.—EFFECT OF STRAIN-RATE AND TEMPERATURE ON THE 
7 STRENGTH OF SOME SAND-CAST MAGNESIUM ALLOYS. 
Tensile Yield Strength, 1000 psi Tensile Strength, 1000 psi 
Test 
Temperature, Strain per min Strain per min 
deg Fahr 
0.005 | 0.050 | | 5.0 0.005 | 0.050 | 0.10 | 0.50 | 5.0 
AZ91C-T6 ALLoy 
, Se 19.5 19.5 19.5 19.5 41.0 41.0 41.0 
ae 17.3 18.7 19.1 19.2 38.5 38.6 38.8 
re 14.7 15.7 16.8 17.8 28.1 29.3 31.9 
A 11.9 13.1 14.5 15.8 18.2 19.2 21.9 
ae 9.0 10.7 12.5 14.2 13.0 13.8 15.9 
ae 6.5 8.2 10.1 12.0 9.5 10.2 12.0 
ee 3.5 5.5 7.5 9.5 5.6 6.3 8.2 
800. ... 1.5 2.6 3.0 3.0 2.6 2.8 3.0 
AZ92A-T6 ALLoy 
75... 23.0 23.0 23.0 23.0 39.0 39.0 39.0 39.0 
655 woe 20.2 21.5 22.5 22.9 37.0 37.0 37.0 7.0 
15.7 18.2 20.3 21.5 29.1 30.7 33.1 35.8 
ae 11.0 13.8 16.5 19.4 18.2 19.3 21.9 28.3 
ee Fe 10.3 13.0 15.7 12.0 12.8 15.0 20.5 
er 5.4 By 9.9 12.2 8.3 9.0 11.0 15.0 
. ae 2.7 4.5 7.0 10.1 4.5 5.2 7.2 11.2 
EZ33A-T5 
18.0 18.0 18.0 18.0 27.5 27.5 27.5 7.5 
ee 14.5 15.5 15.9 16.0 24.0 24.0 24.0 24.0 
eae 12.2 13.7 14.4 14.6 23.5 23.5 23.5 23.5 
a 10.7 11.1 12.0 13.3 22.3 22.3 22.3 22.3 
Be dosiac 10.0 10.1 10.5 11.4 19.4 19.7 20.0 20.0 
Ee ek cas 9.3 9.4 9.6 10.2 14.4 15.7 17.3 18.0 
Se 5.8 7.0 8.2 9.3 7.5 8.8 n.F 14.7 
eee 2.2 3.7 5.4 6.9 3.7 4.1 5.6 9.8 
1.0 1.4 2.1 5.0 1.4 2.7 6.7 
HK31A-T6 
/ Soe 16.1 16.3 16.4 16.7 33.8 34.0 34.4 35.0 
ae 15.2 15.4 15.6 15.8 26.6 27.1 28.2 29.9 ' 
14.4 14.6 14.8 15.0 25.1 25.5 26.0 27.0 
ee 13.8 13.9 14.1 14.2 23.5 23.5 23.5 23.5 
500....... 13.0 | 13.1 | 13.2 | 13.4 20.5 | 20.5 | 20.5 | 20.5 i 
Sa 12.1 12.2 12.4 12.5 19.0 19.0 19.0 19.0 - 
eee 7.1 7.6 8.1 8.5 12.3 12.9 14.0 14.5 
APP 4.2 4.8 5.3 6.1 6.4 7.0 8.5 10.8 
_ Pa 2.0 2.9 3.8 5.0 2.9 3.4 4.7 7.8 
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TABLE IV.—Coneluded. 
Tensile Yield Strength, 1000 psi Tensile Strength, 1000 psi 
Test 

Temperature, Strain per min Strain per min 

deg Fahr 

0.005 | 0.050 | 0.50 | 5.0 0.005 | 0.050 | 0.10 | 0.50 | 5.0 
HZ32A-T5 Atioy 

75... 14.5 14.5 14.5 14.5 32.0 32.0 32.0 32.0 
ee 12.5 13.0 13.4 13.8 24.3 24.7 25.6 27.0 
300. . 10.5 11.3 12.0 12.7 19.7 20.2 21.3 23.0 
400. . 9.0 9.9 10.9 11.9 16.0 16.5 .7 19.5 
7.3 8.2 9.1 10.3 12.5 13.0 14.0 15.5 
600. . 6.6 6.8 7.3 8.9 10.8 11.0 11.5 12.1 
700 6.0 6.1 6.5 7.8 10.2 10.4 10.6 11.0 
4.8 §.1 5.5 6.0 7.5 8.3 9.4 
a 2.5 3.2 3.9 4.5 3.9 4.1 5.0 6.8 

ZH62A-T5 AtLoy 

Se ae 27.5 27.5 27.5 41.5 41.5 41.5 41.5 
e........| BF 24.3 25.4 26.5 33.4 33.9 35.1 36.9 
ee 21.2 22.9 24.5 25.7 26.7 28.7 31.8 
Ms oades 14.5 17.0 19.4 21.8 18.4 19.2 21.5 26.0 
9.7 11.7 14.0 17.5 12.8 13.5 15.6 20.5 
EE 7.5 8.6 10.2 13.4 9.5 10.1 11.7 15.6 
| ae 6.0 7.0 8.4 11.0 7.5 8.0 9.4 12.0 
see 3.9 4.8 6.1 8.4 5.0 5.5 6.7 9.0 
1.5 2.0 3.0 4.9 2.5 2.6 3.2 5.0 
extensometer (model T2-M, 3 in. gage eter, excited by an audio oscillator, 


length) was used in the test program. 
The stress-strain recorder was used in 
the tests at strain rates of 0.005, 0.05, 
and 0.5 per min. For the fastest tests at 
a strain rate of approximately 5.0 per 
min (obtained with a crosshead speed 
of 20 in. per min) an_ oscillograph, 
equipped with a Polaroid Land camera, 
was used to record the data. A stress 
signal received from a 10,000-lb capacity 
SR-4 load cell was preamplified with an 
Ellis Associates d-c amplifier (model 
1010) and applied to the y-axis amplifier 
of the oscillograph. The stress signal 
was obtained by adjusting the excitation 
voltage to the load cell with a variable 
resistor to correspond to the cross- 
sectional area of the specimen. A strain 
signal from the Microformer extensom- 


was directly applied to the x-axis 
amplifier of the oscillograph. 

Difficulty was experienced in running 
some of the tests at strain rates of 0.5 per 
min. In these tests, the limiting load- 
response speed of the testing machine 
was momentarily exceeded, giving inac- 
curate yield strength values. Question- 
able values were rechecked using the 
oscillograph to record the data, thereby 
eliminating the response speed of the 
machine weighing system as a source of 
error. 

The strain rates for the three slower 
test speeds were calculated from time- 
interval marks produced on load-strain 
curves by a pen attached to a periodically 
excited electromagnet. Strain rates for 
the fastest tests were calculated from 
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stress-time curves. Stress-time curves 
were obtained by applying the stress 
signal to the y-axis of the oscillograph 
while the electron beam was sweeping in 
the «x-direction at a known speed. 
Knowing the stresses corresponding to 
given strain increments from. stress- 
strain curves and the elapsed times to 
reach these stresses from stress-time 
curves, strain rates were calculated. 

Heating to test temperature was 
accomplished by passing electric current 
directly through the test specimens. 
Current was supplied by a 440 v to 
0.8-30 v step-down transformer and 
regulated by a Westinghouse Furnatron 
Control system (FST-2) equipped with 
a Leeds & Northrup controller (series 
60). A 30 gage iron-constantan thermo- 
couple, percussion welded to the center 
of the specimen with a _ capacitor- 
discharge welder, was used to supply a 
temperature signal to the controller. 

The heating time to test temperature 
was approximately 10 sec and exposure 
at temperature prior to testing was 
approximately 5 sec. The controller 
limited temperature overshoot and 
fluctuations to +2 F at the center of the 
specimen. Measurement of thermal 
gradients in the specimens showed the 
temperature at the ends of the gage 
length to be not more than 10 F below 
the control temperature. 


RESULTS AND DISCUSSION MT 


Tensile yield strength and tensile 
strength data for each alloy tested were 
plotted as a function of strain rate and 
test temperature on semi-logarithmic 
graphs. Faired curves were drawn 
through the data points to observe the 
relationships between variables. To 


conserve space, strength values obtained 
from the curves at strain rates of 0.005, 
0.050, 0.50, and 5.0 per min are presented 
in Tables II, III, and IV for the sheet, 
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extrusion, and sand casting alloys, 
respectively, instead of reproducing all 
the original curves. Tensile strengths are 
also given at a strain rate of 0.1 per min 
because this speed is widely used in 
industry. Values were obtained from the 
curves instead of tabulating the actual 
test values because the strain rates ob- 
tained experimentally varied randomly 
from those desired. At a constant cross- 
head speed for the testing machine, the 
strain rate over the gage length of the 
specimen increases with increasing strain, 
because of localized plastic flow in that 
region. This is especially evident between 
the proportional limit and the yield 
strength. Therefore, to minimize devia- 
tion from the desired strain rates, strain 
pacing was used for the two lower 
testing speeds rather than maintaining 
constant crosshead speed. Despite such 
precautions, however, there remained 
some variation in strain rate throughout 
the test. To minimize its effect on results, 
yield strength data were plotted on the 
graphs at the average strain rate between 
the proportional limit and the yield 
strength, and tensile strength data were 
plotted at the average strain rate be- 
tween the yield strength and the tensile 
strength. 

The yield strengths and _ tensile 
strengths of many magnesium alloys 
increase with increase in strain rate. 
These alloys are considered to be strain- 
rate sensitive. Some of the alloys, on 
the other hand are almost completely 


insensitive to strain rate at certain 
temperatures. 
For purposes of illustration, three 


lower-temperature alloys, AZ31B-H24, 
ZK60A-T5, and AZ91C-T6, and three 
elevated-temperature alloys, HK31A- 
H24, HM31XA-F, and HK31A-T96, 
were selected to demonstrate the general 
effects of strain rate on the yield strength 
of magnesium alloys. These effects for 
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the sheet alloys (AZ31B-H24 and 
HK31A-H24), extrusion alloys (ZK60A- 
T5 and HM31XA-F), and sand-casting 
alloys (AZ91C-T6 and HK31A-T6) are 
shown in Fig. 1. The yield strengths of 
two lower-temperature alloys, AZ31B- 
H24 and ZK60A-TS, shown in Figs. 1 
(a) and (c), have gradually increasing 
sensitivity to strain rate with increasing 
temperature up to 400 F, where maxi- 
mum sensitivity is observed. HK31A- 
H24 and HM31XA-F, the elevated- 
temperature alloys shown in Figs. 1 (0) 
and (d), exhibit the same type of be- 
havior but have maximum sensitivity 
at 700 F. The lower-temperature casting 
alloy AZ91C-T6 (Fig. 1 (e)) shows a 
gradual increase in sensitivity to strain 
rate, up to 700 F. However HK31A-T6 
(Fig. 1 (f)) shows practically no strain- 
rate sensitivity at temperatures up to 
600 F. 

The other alloys tested in the program 
did not all respond to strain rate accord- 
ing to any of the patterns shown by the 
examples. In general, however, properties 
of cast alloys are less sensitive to changes 
in strain rate than are wrought alloys 
in the same alloy system. The reader is 
directed to the tables for strength data 
on other alloys of interest. 

It is important to realize that large 
variations in strength may be obtained 
if strain rate is not adequately controlled. 
For example, referring to Fig. 1 (6), 
when HK31A-H24 sheet is tested at 
600 F at strain rates of 0.003 and 0.007 
per min, the yield strength varies 
approximately 2000 psi as a result of the 
difference in strain rate alone. However, 
this range of variation in strain rate is 
within the range of scatter expected if a 
strain rate of 0.005 per min is desired but 
the tests are not strain paced. Therefore 
some dependable means for accurate 
control of strain rates is necessary to 


obtain consistent results, especially 
when testing at temperatures where a 
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high strain-rate sensitivity occurs in the 
material. It would also be highly desir- 
able to have standardized strain rates 
included in both testing and material 
specifications in order to (a) ensure 
uniformity of test methods used in 
material certification or capability tests, 
(6) allow direct comparison of data 
determined at different laboratories on 
the same alloys, and (c) allow structural 
designers to compare competitive mate- 
rials under identical conditions. The 
selection of a standardized strain rate 
shou!d take into account regions of high 
and low strain-rate sensitivity. Thus, 
although the material may be used under 
conditions where high-strain-rate sensi- 
tivity is encountered, it would be better 
to specify elevated-temperature prop- 
erties in procurement specifications at 
temperatures which do not produce high 
strain-rate sensitivity. At these tempera- 
tures testing problems due to strain-rate 
control are minimized and material 
quality can be more accurately evalu- 
ated. 

Dotson, Kattus, and Morrison*: 4 
have previously investigated the effect 
of strain rate and temperature on the 
strength of some materials, including 
the magnesium alloys AZ31A-H24 and 
ZH62A-T5. The trends shown in their 
work for these alloys are generally the 
same as the trends observed in this 
investigation. 


CONCLUSIONS 
Significant differences in the indicated 
strength of magnesium alloys with 
variations in testing speed are demon- 


3C. L. Dotson and J. R. Kattus, ‘Tensile 
Properties of Aircraft-Structural Metals at 
Various Rates of Loading After Rapid Heating,” 
Part 1, Technical Report 55-199, Wright Air 
Development Center, Dayton, Ohio. 

4J. D. Morrison and J. R. Kattus, ‘‘Tensile 
Properties of Aircraft-Structural Metals at 
Various Rates of Loading After Rapid Heating,” 
Part 2, Technical Report 55-199, Wright Air 
Development Center, Dayton, Ohio. 
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strated in this study. In view of the 
magnitude of these differences, the data 
presented should be useful to structural 
designers. The data also demonstrate 


the need for adequate control of strain 
rate to obtain consistent test results. 
Strain rate requirements in test pro- 
specifications 
rave 


cedures and mate rial 
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t 


should be standardized so that uniform 
test methods will be employed. To 
minimize testing problems associated 
with elevated-temperature certification 
or capability testing, specification tem- 
peratures corresponding to low strain-rate 
sensitivity in the material should be 
selected. 
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AGING CHARACTERISTICS OF NICKEL-CHROMIUM ALLOYS CON- 


ai APPRECIABLE AMOUNTS OF TITANIUM AND 
ALUMINUM * 


By E. Rocen! anp Nicuoras J. Grant! 


This investigation was concerned with the aging characteristics and high- 
temperature strength properties of vacuum melted, wrought nickel-chro- 
mium-titanium-aluminum alloys. The aluminum plus titanium content of these 
simple alloys varied from four to six weight per cent (6.4 to 8.8 atomic per cent) fl 
and the titanium to aluminum ratio (atomic) varied from 1.0 to 1.6. Phase __ : 
identification, particle size and lattice parameter measurements were made 


on electrolytically extracted precipitates. The variation of hardness with 


size data. Finally, the stress rupture properties were measured, and an at- 
tempt was made to relate the high-temperature strength properties to the 


aging temperature and time was studied and correlated with the particle 7 = ; 


aging characteristics exhibited by these allovs. 


One important group of alloys that 
has been developed to meet the re- 
quirements of elevated temperature 
service is that based on nickel-chromium 
and age hardened with titanium plus 
aluminum. Originally based on the 
simple system of four elements, much 
more complex alloys have been developed 
which contain up to 30 per cent cobalt, 
up to 10 per cent molybdenum, up to 
0.15 per cent carbon, and some colum- 
bium. These additions, along with the 
use of vacuum melting and casting, 
which in turn permitted higher titanium 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 Research Assistant and Professor, respec- 
tively, Department of Metallurgy, Massachu- 
setts Institute of Technology, Cambridge, 


Mass. 
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plus aluminum additions, have resulted 
in an increase in service temperature 
of about 100 to about 1600 F. 

It has been determined (1-4)? that 
the properties of the simple _nickel- 
chromium-titanium-aluminum alloys are 
dependent on the precipitation and 
distribution of intermetallic phases and 
carbides and nitrides. Nordheim and 
Grant (1) have shown that the titanium 
plus aluminum content and the titanium- 
to-aluminum ratio has an important 
effect on the mechanical properties. 
They concluded that stress rupture 
strength at 1500 F was improved by 
increasing the titanium plus aluminum 
content to 4 weight per cent and by 


? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


see p. 708. 
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at 


increasing the titanium to aluminum 
ratio. 

Taylor and Floyd (5) have determined 
the nickel-rich end of the nickel-chro- 
mium-titanium-aluminum — constitution 
diagram. This work has led to an under- 
standing of the phase relationships 
present in the Nimonic type alloys. 
The only two precipitating phases 
present are the ordered face-centered- 
cubic Ni;Al and the hexagonal 
Ni;Ti (nm). They can both exist in 
equilibrium with the nickel-rich solid 


TABLE I—CHEMICAL ANALYSES OF THE EXPERIMENTAL ALLOYS. 


Composition, WEIGHT PER CENT 


ROGEN AND GRANT © 


structure with a lattice parameter of 
3.560 A. This phase forms at 1395 C 
and is the product of a peritectic reac- 
tion between the melt and NiAl (5). 
Aluminum atoms occupy the cube 
corners and nickel occupies the cube 
faces of the unit cell. When titanium 
substitutes for aluminum it does so 
preferentially. Ni;Ti is an _ ordered, 
close-packed hexagonal intermetallic 
phase which exists at the near stoichio- 
metric ratio. The lattice parameters 
are a = 2.5454 kx and c = 8.2900 kx; 


Alloy Chromium Titanium Aluminum Carbon Manganese Silicon Nickel* 
19.30 3.07 | 2.09 0.03 0.05 0.004 75.46 
19.78 3.85 | 1.38 0.03 74.91 
18.89 2.89 3.12 0.04 75.01 
18.90 3.97 | 2.05 0.03 75.00 
ComposiTIon, ATOMIC PER CENT 
Alloy Chromium | Titanium | Aluminum Carbon Nickel + 
Sere’ ie 3.47 2.95 0.18 71.06 6.42 1.18 
ond. 21.11 4.46 2.84 0.14 70.86 7.30 1.57 
ed oes Us 20.15 4.59 4.21 0.14 70.85 8.80 1.09 


* Nickel content by difference. 


solution. Unlike NisTi, the Nij;Al has a 
considerable range of solid solubility. 
In Ni;Al a maximum of three out of 
every five aluminum atoms can be 


Nordheim and Grant (1), Brockway 
and Bigelow (6), and Wilde and Grant 
— 2) have all determined that the precipi- 
tation of Ni;(Al, Ti) phase was 
responsible for the hardening both in 
the more simple Nimonic alloy and in 
the more complex alloys, except pos- 
 sibly M-252, which contains about 10 
per cent molybdenum (2). 

Al is a face-centered-cubic ordered 


the melting point is 1370C. At low 
aging temperatures, this phase forms a 
pearlitic structure while at high tem- 
peratures it forms a Widmanstitten 
precipitate with the basal (00.0) planes 
in congruence with the (100) planes 
of the matrix. 

The aim of the investigation was 
to extend the study of the aging char- 
acteristics and mechanical properties 
of simple nickel-chromium-titanium-alu- 
minum alloys containing titanium plus 
aluminum in excess of 4 weight per 
cent (1). Specifically, variations in 
hardness, particle size, and rupture 
properties with variations in titanium 
and aluminum content, temperature, 


| 
: lattice parameter increase of approxi 
~ 
7 mately 0.5 per cent. 


and stress were studied. It was hoped 
that relationships could be found be- 
tween these many variables, since an 
understanding of these relationships 
would aid in the future design of im- 
proved high-temperature materials. 


MATERIALS AND EXPERIMENTAL 
PROCEDURES 


All alloys investigated were 
received as vacuum melted and cast 
and forged bar stock of 2}-in. diam- 
eter. They were then reforged to 
3-in. diameter. Chemical analyses of 
the bars are given in Table I. 

Alloys 8v, 10v, and 11v were easily 
forged to % in. in diameter. Alloy 13v 
was forged with considerable difficulty 
to 4 in. in diameter, and 12v cracked 
during forging. The forging temperature 
was 2200 F and was not allowed to 
drop below 1900 F. 

All alloys subjected to stress-rupture 
testing were given identical heat treat- 
ments. While six different heat treat- 
ments were used for each alloy, those 
treated at 2250 F and water quenched 
were too brittle to test. The heat treat- 
ments were as follows: 


1. Solution at 1900 F, 5 hr; oil quenched; 
aged at 1400 F, 24 hr. 


2. Solution at 1900 F, 5 hr; oil quenched; 
aged at 1600 F, 2 hr. 


3. Solution at 2000 F, 4 hr; water 
quenched; aged at 1400 F, 24 hr. 


4. Solution at 2000 F, 4 hr; water 
quenched; aged at 1600 F, 2 hr. 


5. Solution at 2250 F, 2 hr; water 
quenched; aged at 1400 F, 24 hr. 


6. Solution at 2250 F, 2 hr; water 
quenched; aged at 1600 F, 2 hr. 


The solutioning and aging tempera- 
tures that were selected produced 
significant variations in alloy structure. 
These variations enabled some correla- 
tion to be made between structure and 
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strength properties. Aging times were 
used which caused the alloys to be aged 
to approximately peak hardness. The 
solution treatment at 2250 F produced 
severe grain growth in all alloys; on 
the other hand, at 1900 F the precipitate 
in the higher aluminum plus titanium 
content alloys did not completely dis- 
solve. At 1900 and 2000 F the solution 
treatment produced the same grain 
size in all alloys (ASTM Nos. 4 and 5).’ 

X-ray and Rockwell hardness measure- 
ments were used to follow the aging 
process. Phase identification, parameter 
measurements, and particle sizes were 
determined by X-ray techniques. 

All hardness measurements were made 
on }-in. slices from the reforged bar 
stock, which had been water-quenched 
from the aging temperature. One of 
the flat sides was prepared for metal- 
lographic examination prior to taking 
Rockwell measurements. Hardness 
values are an average of at least six 
measurements, each measurement being 
within +2 units of the average value. 

An electrolytic polishing and etching 
technique was used for metallographic 
examination of these alloys, the reagent 
being a solution of H;PO, saturated 
with chromium trioxide. A_ potential 
of 30 v was used for polishing and 15 for 
etching. 

It was reasonably certain that the 
only precipitating phase present in 
these vacuum melted nickel-chromium- 
aluminum-titanium alloys the 
ordered Ni;(Al, Ti) structure. The 
observed values of the matrix and the 
precipitate parameters were usually 
within 0.5 per cent of one another. There- 
fore, identification of this phase would 
depend on resolving the simple cubic 
reflections (100), (110), (210), etc. 
Since accurate parameter measurements 
would require clear differentiation be- 


3 Classification of Austenite Grain Size in 
Steel (E 19-46), 1955 Book of ASTM Stand- 
ards, Part 1, p. 1602. 
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tween matrix and precipitate lines, it 
was necessary to concentrate the pre- 
cipitate by extraction techniques in 
order to intensify the precipitate dif- 
fraction lines. 


TABLE II.—PHASE IDENTIFICATION— 
CuK a-RADIATION. 


ard 
d calculated, |d observ- d observ- 
ed,A ed,A I 
icks « 3.56 3-60 w 3.60 w 
2.52 2.55 w 2.54 w 
ee 2.06 2.07 8s 2.07 s 
200... 1.78 1.80 ms | 1.80 s 
ee 1.26 1.27 m 1.26 m 
1.07 1.08 m 1.08 s 
222..... 1.03 1.03 w 1.04 mw 
0.87 0.87 vw | 0.90 mw 
0.82 0.82 0.82 m 
0.80 0.80 ms | 0.80 m 
Alloy 8v° Alloy Alloy 
hkl 
” d observ- d observ- d observ- 
ed ed I 
ae 3.60 vw | 3.63 vw | 3.58 w 
ae 2.54 vw | 2.54 ww | 2.53 w 
A 2.07 vs 2.08 vs 2.07 vs 
1.80 s 1.80 s 1.80 s 
ae 1.27 m 1.27 m 1.27 m 
1.08 m 1.08 m 1.08 m 
: 1.03 w 1.04 w 1.03 w 
400..... 0.90 w 0.90 w 0.90 w 
vas<s 0.82 m 0.82 m 0.82 m 
es exe 0.80 m 0.80 m 0.80 m 


* Same standards—Wilde and Grant (2). 

Simple cubic lines (210) and (211) were 
resolved at 1.59 and 1.45, respectively. Inten- 
sities were w and vw. 

‘Alloys 8v, llv, 13v—solutioned 1900 F 
5 hr, oil-quenched, aged 24 hr 1400 F. 


The technique used was basically 
the same as that described by Wilde 
and Grant (2). The electrolytic cell 
consisted of a bar specimen of the alloy 
as the anode, anda 3 sq in. tantalum 
sheet encased in cellophane dialysis 
tubing as the cathode. A 400-ml beaker 
containing 350 ml of a 15 per cent H;PO, 
solution completed the cell. The current 
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was 0.5 amp per sq in. and was supplied 
by a storage battery. The extracted 
precipitate particles were centrifuged, 
decanted, washed and dried, carefully 
repowdered, and then prepared for X-ray 
analysis. 

Lattice parameter measurements were 
made using a General Electric RDX 
Spectrogoniometer and filtered chro- 
mium radiation. The (220) line was 
measured and corrected with a silicon 
standard. All values are an average of 
at least four measurements, and all 
measurements were within +0.001 A. 

Specimens selected for particle size 
determination and lattice parameter 
measurements received the same heat 
treatment as the stress rupture speci- 
mens. This allowed the precipitate 
particle size of stress rupture specimens 
to be established before testing. 

Particle sizes were determined from 
the electrolytically extracted residues. 
However, since any dissolution of the 
intermetallic compound during the ex- 
traction would result in an inaccurate 
size determination, it was necessary 
to examine this technique thoroughly. 

The susceptibility of the extracted 
residue to electrolyte attack was deter- 
mined by exposing the residue to a 15 
per cent H;PQ, solution for two weeks, 
measurements showed that no attack 
had taken place. If it is assumed that 
all of the residue is the Ni;(Al, Ti) inter- 
metallic compound and that all of the 
aluminum and titanium is precipitated, 
then a comparison of the weight of the 
residue to the weight of the alloy dis- 
solved would allow an evaluation of the 
extraction technique. In three separate 
tests the weight of residue came within 
2 per cent of the computed value. 
Furthermore, chemical analysis of the 
used electrolyte showed that only neg- 
ligible amounts of aluminum and ti- 
tanium were in solution. On the basis of 
these results, it was felt that the extrac- 
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TABLE III.—LATTICE PARAMETERS 
OF PHASES PRESENT IN ALLOYS 8yv, l11v, 
13v, SOLUTIONED 1900F, 5 HR, OIL- 
QUENCHED, AGED 24 HR AT 1400 F. 


CrK a@ (220) Line Corrected with Silicon Standard 


Misfit, Rockwell 


a Precipi- 
Alloy Matrix, A tate, A per cent my 


3.569 | 3.592 | 0.65 40 
3.572 | 3.590 | 0.50 43 
ere 3.572 | 3.588 | 0.45 43 


* The metallic radii of titanium, aluminum, 
chromium, and nickel are given by Pauling as 
1.467, 1.429, 1.267, and 1.244 A, respectively. 


to temperature was } hr. Temperature 


control was within 2 F of the indicated 
test temperature. 


RESULTS AND DISCUSSION 


X-ray patterns from extracted residues 
of alloys 8v, 11v, and 13v were nearly 
identical to those made from a Nis 
(Al, Ti) standard. The similarity among 
observed reflections, d spacings, and 
intensities confirmed that the only 
precipitating phase present in these 
alloys is the ordered intermetallic, face- 
centered-cubic (Ni;Al, Ti). 


TABLE IV.—PARTICLE SIZE AS MEASURED BY X-RAY LINE BROADENING FOR 
ALLOYS AGED TO APPROXIMATELY PEAK HARDNESS. 


Alloy Solutioning Treatment 


1900 F, 5 hr, OQ® 
1900 F, 5 hr, OQ 

2000 F, 4 hr, WQ¢ 
2000 F, 4 hr, WQ 


2000 F, 4 hr, WQ 
1900 F, 5 hr, OQ 
1900 F, 5 hr, OQ 
2000 F, 4 hr, WQ 
2000 F, 4 hr, WQ 


1900 F, 5 hr, OQ 
1900 F, 5 hr, OQ 
2000 F, 4 hr, WQ 
2000 F, 4 hr, WQ 


Aging Treatment | (Average Par 
1400 F, 24 hr 205 
1600 F, 2hr 390 
1400 F, 24 hr 265 
1600 F, 2 hr 350 
1400 F, 1 hr 90 
1400 F, 24 hr 595 
1600 F, 2hr 870 
1400 F, 24 hr 290 
1600 F, 2hr 390 
1400 F, 24 hr 870 
1600 F, 2 hr 940 
1400 F, 24 hr 460 
1600 F, 2hr 490 


@ This is the calculated interparticle spacing. The shortest distance between particles was calcu- 
lated assuming perfect particle distribution and complete precipitation of all solute atoms, and a 


cubic particle shape. 
’OQ = oil-quenched. 
¢WQ = water-quenched. 


tion technique was adequately quanti- 
tative. 

Particle size was determined by X- 
ray line broadening. Filtered CrK 
a-radiation was used and the half breadth 
of the (111) line was measured for line 
broadening. The silicon (331) line was 
used as a standard. 

Specimens having 0.250-in. diameter 
and 1-in. gage length were used for all 
creep-rupture tests. All tests were car- 
ried out at 1500 F. The maximum time 
required for bringing the specimen up 


Table IL shows the various X-ray 
patterns and their corresponding in- 
tensities. Only the first two simple 
cubic lines (100) and (110) were resolved 
for all the Ni;(Al, Ti) patterns. This is 
due to the relative scattering factors of 
titanium and aluminum and to the fact 
that titanium and aluminum occupy the 
corners of the face-centered-cubic lattice. 
Because the scattering factor is higher 
at all angles for titanium, the simple 
cubic lines are weaker when the titanium 
to aluminum ratio is high. A good exam- 
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ple of the intensity variation with the 
titanium to aluminum ratio can be seen 
by comparing either the (100) or (110) 
reflections of alloys 8v and 11v (vw) to 
alloy 13v (w). Alloy 13v has a lower 
titanium to aluminum ratio than either 
alloy 8v or liv. 

Matrix parameter and extracted resi- 
due precipitate studies were made using 
the same specimens. Matrix measure- 
ments were taken on the electrolytically 
polished surface of the solid specimens. 
Chromium radiation was used instead of 
copper radiation because it produced a 
lower fluorescent background. 

Table III shows that alloy 8v has a 
smaller matrix lattice parameter than 
alloy 11v or 13v and that the lattice 
parameter of the Ni;(Al, Ti) decreases 
from 8v to 11v to 13v. Under equilibrium 
conditions, considering metallic radii (7) 
the lattice parameter of the Ni;(Al, Ti) 
precipitates should increase with in- 
creasing titanium to aluminum ratio, and 
the matrix lattice parameters should 
decrease with increasing nickel content. 
At equilibrium, therefore, precipitates in 
alloy 11v should have the largest lattice 
parameter, and the matrix lattice pa- 
rameter should decrease from 8v to 11v 
to 13v. Since this is not the case, it can 
only be concluded that equilibrium con- 
ditions are not met by aging for 24 hr at 
1400 F. 

The lattice parameter of the ordered 
face-centered-cubic Ni;(Ti, Al) is af- 
fected by many factors, among which 
are the aging temperature and time, 
chemical composition, metallic radii, and 
lattice positions, and the diffusion rates 
of titanium and aluminum. (Titanium 
diffuses at a slower rate than aluminum.) 
Because of these many contributing 
factors, it is most difficult to explain the 
parameter value resulting from the non- 
equilibrium conditions of heat treatment. 

The degree of misfit between matrix 
and precipitate, and the hardness are 
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shown in Table III. They are similar in 
magnitude to measurements reported for 
Inconel 550 (2) and for the simple nickel- 
chromium-titanium-aluminum alloys (1). 

In_ the nickel-chromium-titanium- 
aluminum system, the following variables 


TABLE V.—HARDNESS AND RELATED 
DATA FOR EXPERIMENTAL ALLOYS. 


Solution Rockwell 
Hardness, C Scale 


Alloy Solution 
Temperature. ...| 4999 F | 2000 F 2250 F 


21 11 47 Ra 


Rockwe.t Harpness, C ScaALe, oF 
OverRAGED ALLOYS AGED AT 
1600 F ror 336 HR 


Alloy Solution 
T 1900 F 2250 F 


emperature.... 


Harpness, C or 
STANDARD SAMPLES 


* As calculated assuming complete precipi- 
tation and little solid solubility. 


importantly affect the particle size of the - 
Ni,(Al, Ti): 
6. 


1. Solution treatment; 

2. Aging time and temperature; 

3. Aluminum plus titanium content, 
and aluminum to titanium ratio; and 

4. Composition of the matrix. 


Solution treatment has a profound 
effect on the particle size on aging. In a 


= 
14 
| 
VOLUME OF PRECIPITATE* 


partially solutioned material, the average 
particle size will be larger than that of a 
fully solutioned specimen of the same 
material after the same aging treatment. 
This is due to the existence of many 
small particles in the partially solutioned 
material that act as nuclei or growth 
points. The precipitating phase will 
form on these particles and in this man- 
ner raise the average particle size above 
that of the fully solutioned and aged 
specimens. This is demonstrated in 
Table IV. Alloys 11v and 13v are fully 
solutioned at 2000 F and only partially 
at 1900 F; electrolytic digestion of these 
alloys after the 2000 F solution treatment 
showed essentially no residue. This 
variation in solution treatment results in 
an average particle size difference of 
approximately 400 A. 

Alloy 8v is an example of a material 
which is slightly in the two phase field 
at 1900 F and wholly in the single phase 
field at 2000 F. This is in contrast to 
alloys 11v and 13v which are deep in the 
two phase field at 1900 F. It is likely that 
the structure of alloys solution treated 
at 1900 F differs in the coarseness of the 
undissolved precipitate particles. The 
undissolved particles in alloy 8v should 
be the finer particles. Hardness values of 
21 Rockwell C and 11 Rockwell C were 
measured for 8v solution treated at 
1900 F and 2000 F, respectively. (See 
Table V.) This difference in hardness is 
due to the presence of undissolved pre- 
cipitate particles in the 1900 F solutioned 
specimen. The change in grain size was 
small between the 1900 and 2000F 
treatments. During 1400F short-time 
aging the structure that contained fine 
particles would precipitate additional fine 
particles due to the relatively depleted 
matrix of the incompletely solutioned 
structure. A comparison of the average 
particle size of the differently solutioned 
but identically aged structure should 
show a larger average particle size for 
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the completely solutioned structure. The 
particle size variation of alloy 8v aged at 
1400 F illustrates this point. By aging 
8v at a higher temperature, this particle 
size difference is eliminated. 

Following a given solution treatment, 
aging at 1600 F for 2 hr resulted in a 
larger particle size than aging at 1400 F 
for 24 hr, and both aging treatments gave 
coarser particles than aging for 1 hr at 
1400 F. As expected, average particle size 
increased with increasing temperature 
and time. 

Particle size increased with increasing 
titanium plus aluminum content and de- 
creased with increasing  titanium- 
aluminum ratio. Nordheim and Grant 
(1) and Wilde and Grant (2) observed the 
same relationship of particle size to 
titanium-aluminum ratio. Total titanium 
plus aluminum content in these alloys 
increased from 8v to 11v to 13v and the 
titanium-aluminum ratios were 1.18:1, 
1.57:1 and 1.09:1, respectively. Alloys 
8v and 13v have approximately the same 
titanium-aluminum ratio but differ con- 
siderably in titanium plus aluminum 
content. This should and does result in a 
sizeable difference in particle size after 
the identical heat treatments. Alloy 11v 
has a much larger titanium-aluminum 
ratio than either 8v or 13v and has a 
titanium plus aluminum content that 
falls between those of 8v and 13v. The 
slower diffusion rate of titanium results 
in a smaller particle size than would be 
expected if only the titanium plus 
aluminum content were considered. 

The particle shape of Ni;(Al, Ti) in 
alloys of chemical compositions similar 
to 8v, 1lv, and 13v were found to be 
cubic by Corey, Rowe, and Freeman (8). 
They also found that the sites of pre- 
cipitation were controlled by the quench- 
ing rate. Particle distribution was gener- 
ally uniform with some concentration at 
grain boundaries. During this investiga- 
tion the quenching procedure was kept 
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constant for each solutioning tempera- 
ture to eliminate any variation in the 
mode of precipitation. 

Coherency strains tend to increase the 
diffusion rate around the coherent par- 


T T T 


8v-2.98 Ti,!.43 Al Weight per cent 


3 8 
30 
\Ov-3.07 Ti, 2.09 Al Weight percent 
40 
=x 
c 
, 30 
liv-3.85 Ti,138 Al Weight percent 
40 


l3v-3.97 
Ti,2.05 Al Weight per cent 


4 hr wo ie Age 
100 1000 10000 
Time, min 


Fic. 1.—Change in Hardness of Alloys 8v 
10v, liv and 13v During Aging ‘at 1400 F 
and 1600 F. 

ticle. An increase in misfit results in a 
local increase in diffusion rate. In these 
alloys it is evident that coherency strains 
have little if any influence on particle 
size. Alloy 8v has the greatest misfit and 
the smallest particle size for identical 
heat treatments. This is contrary to what 
would be expected if coherency strains 
had a primary effect on particle size. 


In general, there are three variables 
that contribute to the hardness of the 
age hardening nickel-chromium- 
titanium-aluminum alloys—the relative 
quantities of the matrix and the pre- 
cipitate, the hardnesses of the two 
phases, and the particle size, distribu- 
tion, and spacing. 

The hardness of the precipitate phase 
is considerably greater than that of the 
matrix. This is indicated by the hardness 
of NisAl and Nis:(Alo.sTio.s) standard as 
shown in Table V. The hardness in- 
creased from 11 Rockwell C to 31 Rock- 
well C as titanium was substituted for 
aluminum up to a 1:1 ratio. An increase 
in the titanium to aluminum ratio should 
result in increased hardness, since there 
is an increase in lattice strain or a valency 
effect accompanying the substitution 
of the larger titanium atom for the some- 
what smaller aluminum atom. The lattice 
parameter of Ni;Al was found to be 3.560 
A and the parameter of Ni;(Alo.sTio.s) 
was 3.586 A. 

Aging for 336 hr at 1600 F produces an 
overaged structure in all the alloys 
(Table V). In the overaged condition, 
particle spacing contributes little to 
over-all hardness, and only the relative 
volumes and hardnesses of the two 
phases need be considered. 

The volume of precipitate phase 
increases from 8v to 11v to 13v. If 
volume of the precipitate were the only 
variable, hardness would be expected 
to increase progressively from 8v through 
13v. However, the titanium-aluminum 
ratio varies among the alloys. Alloys 8v 
and 13v have nearly the same titanium- 
aluminum ratio, while alloy 11v has a 
considerably higher titanium-aluminum 
ratio. The higher titanium-aluminum 
ratio results in a greater hardness. As a 
result the Rockwell hardness of the 


overaged 11v and 13v is the same, while 
8v is considerably softer. 
Figure 1 illustrates the variation of 
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hardness with time at 1400 and 1600 F. increase in titanium-aluminum ratio 
These curves serve as a measure of the due to the slower diffusion rate of ti- 
variation of particle size and spacing tanium. An increase in total aluminum 
with time and temperature. It appears plus titanium content causes a larger 


Wee. | Tested at ISOOF | Alloy 8v Titanium 3.47 Aluminum 2.95 Atomic per cent 


Heat Treatment Code 

res 1900 Shr OQ I400F 24hr ce) 

Pera 1900 5hr OQ I600F 2hr 

2000 4hr WQ IS400F 24hr + 

ey 2000 4hr WQ IGOOF 2hr 
60 000 oe + 


30 000 
20 000 


Rupture Life, hr 
Fic. 2.—Stress versus Rupture Life for Alloy 8v, Test Temperature 1500 F. 


Tested at ISOOF Alloy Ilv_ Titanium 4.46 Aluminum 2.84 Atomic per cent 
Heot Treatment Code 
1900 OQ I400F 24hr 
1900 5hr OQ 2hr 2), 
as 2000 4hr WQ I400F 24hr + 
2000 4hr WQ IGOOF 2hr a 
I3v Titanium 4.59 Aluminum 4.21 Atomic per cent 
§ Heot Treatment Code 
1900 5hr 24hr 
60 000 t 
_ 50 000} 
> 
40 000 t = 
SS 
2 30 000 
20 000+ 
10 100 1000 


Rupture Life, hr 
Fic. 3.—Stress versus Rupture Life for Alloys 11v and 13v, Test Temperature 1500 F. 


that stability increases with increasing average particle size and hence a lower 
titanium-aluminum ratio and increasing surface energy per volume per cent. This 
titanium plus aluminum content. The lowering of surface energy results in a 
rate of coalescence is decreased by an decreased rate of coalescence. 
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Particle sizes and spacings of alloys 
aged at 1400 F for 24 hr and 1600 F for 
2 hr are listed in Table IV. At 1600 F 
for 2 hr, the alloys are either at peak 
hardness or somewhat into the overaged 
region while at 1400 F for 24 hr they are 
either at or near either side of peak 
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short-time rupture values could not be 
found for the nickel-chromium-titanium- 
aluminum alloys studied in this work. 
This suggests that particle spacing is 
not the only, or even the primary, 
variable that determines the strength 
properties at elevated temperatures. At 


TABLE VI.—STRESS RUPTURE STRENGTH AND DUCTILITY VALUES FOR ALLOYS 
TESTED AT 1500 F. 


Approximate Ductility 
i Stress for Rupture in » hours, psi Values at 100 hr, Rupture 
Mont, Life 
to Approxi- 
Alloy mate Peak 
Hardness Reduction of Elongation in 
1 10 100 1000 Area, per | 144 in., per 
cent | cent 
- ( 1900 39 000 27 000 20 500 | 16 000 71 26 
1400 
ia 1900 60 000 | 43.000 | 27000 | 16 500 9 13 
1600 
Sv. ......... 2000 61 000 50 000 30 000 18 500 4 
1400 
2000 52 000 36 000 24 000 17 000 4 13 
1600 
a 1900 56 000 33 000 23 000 19 000 1 Ss 
1400 
2 7 1900 65 000 38 000 25 000 18 000 1 15 
1600 
2000 52 000 | 36000 | 25500 | 17 500 1 
1400 
2000 wee 50 500 29 000 16 500 4 
1600 
1900 55 000 40 000 29 000 22 000 
1400 


hardness. However, they are all ap- 
proximately at peak hardness. 

At peak or critical hardness, spacings 
of approximately 200 A would be ex- 
pected. Particle spacings listed in Table 
IV are of this order of magnitude and 
consistent with the measurements of 
Brockway and Bigelow (6). These in- 
vestigators worked with Inconel X and 
used electron microscopy. 

A consistent relationship between 
particle size and spacing and stress for 


1500 F, deformation is accommodated by 
grain distortion plus grain boundary 
sliding. The occurrence of grain boundary 
movement accounts for some important 
portion of the total deformation. There- 
fore, it is unlikely that the strengthening 
mechanisms as determined by particle 
spacing alone could explain the strength 
properties. 

Figures 2 and 3 show the stress versus 
rupture time plots for alloys 8v, 11v, and 
13v at 1500 F. The curves are normal in 


; 
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all respects except for the one for alloy 
liv which was solutioned at 1900 F and 
aged at 1400F. This curve shows a 
change in slope, with an upward break. 
An upward break would suggest 
strengthening, or an increase in structure 
stability. Since metallographic examina- 
tion showed no evidence of grain coarsen- 
ing during testing, this is not the cause 
of the upward break. Instead, it appears 
that the 1900 F solution treatment fol- 
lowed by 1400 F aging results in a par- 
tially aged structure in which further 
active aging is taking place in the short- 
time tests. Once the structure is fully 
aged, the slope achieves a normal level. 

At 1500 F, at the stresses investigated, 
intercrystalline cracking was prevalent in 
all the alloys. Figures 2 and 3 and Table 
VI summarize the 1500 F strength values 
for fixed rupture times; and Table VI 
lists the approximate ductility values for 
a 100-hr rupture life. Even though there 
was insufficient material to test alloy 
13v fully, it is clear that it has the 
highest stress value for 1000 hr life at 
1500 F. Large differences in strength and 
ductility are exhibited by these simple 
alloys with changes in solution and aging 
temperatures. 

Furthermore, the better treatments 
for alloy 8v are not the best for alloys 
11v or 13v. An increase in total content of 
titanium plus aluminum is seen to be 
significant in raising the long-time per- 
formance of these alloys (see Table V). 
Unfortunately, the data on particle size 
and spacing do not contribute to an 
understanding of the heat treatments 
because of the lack of information of the 
stability of the structures during rupture 
testing. 

It is fairly clear, in comparing these 
results with data on commercial alloys of 
the same class containing molybdenum, 
cobalt, columbium and carbon, that the 
commercial alloys are more stable and 
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predictable than are these simple nickel- 
chromium-titanium-aluminum composi- 
tions (2). 


SUMMARY 


In simple nickel-chromium-titanium- 
aluminum alloys containing from 4 to 6 
weight per cent titanium plus aluminum, 
having titanium to aluminum ratios of 
less than 1.6, there is only one precipi- 
tating phase present. This phase is the 
intermetallic compound Ni;(Al, Ti), 
y'-phase. The precipitation of the y’- 
phase was found to be responsible for 
the high strengths exhibited by these 
alloys. These results are in agreement 
with those of Nordheim and Grant (1). 

Electrolytic extraction was found to 
be an effective technique for the near 
quantitative separation of the precipi- 
tate from the matrix. With this technique 
the amount of precipitating phase can be 
determined gravimetrically and particle 
size may be measured by X-ray methods. 

Creep-rupture properties are sensi- 
tive to the solution treatment used in 
that partial solutioning has an important 
effect on the slope of the resultant log 
stress versus log rupture time plot. 
Changes in the aging structure during 
test result in large differences in rupture 
life. 

An attempt was made to correlate 
particle size, spacing and_ rupture 
strength at 1500 F. No consistent re- 
lationship was found at any stress level. 
It would appear that such factors as grain 
size and stability of the precipitate 
must be taken into consideration in 
addition to particle size and spacing 
before a meaningful parameter can be 
determined. 

Nordheim and Grant (1) reported that 
at a service temperature of 1500 F 
was advantageous to raise the total 
titanium plus aluminum content to 4.5 
per cent (maximum carbon 0.05 per 
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cent). They also suggested selecting a 
composition corresponding to the ti- 
tanium-rich end of the homogeneity 
range for y’. Raising the titanium to 
aluminum ratio was found to increase the 
high-temperature strength and to de- 
crease the coalescence rate of the pre- 
cipitate. 

This investigation dealt with alloys of 
total aluminum plus titanium contents of 
from 4 to 6 weight per cent. High-temper- 
ature strength was found to increase 
with increasing solute content, but was 


(1) R. Nordheim and N. J. Great, “Aging 
Characteristics of Nickel-Chromium Alloys 
Hardened with Titanium and Aluminum,” 
Transactions, Am. Inst. Mining and Metal- 
lurgical Engrs. Vol. 6, p. 211 (1954). 

(2) R. Wilde and N. J. Grant, “Aging in Com- 

» plex Commercial Ni-Cr Alloys Hardened 
= with Titanium and Aluminum,” Accepted 
for publication, Am. Inst. Mining and Metal- 
lurgical Engrs. 

(3) H. J. Beattie and F. L. VerSnyder, “‘Micro- 
constituents in High Temperature Alloys,” 
Transactions, Am. Soc. Metals, Vol. 45, 
p. 397 (1953). 

(4) D.N. Frey, J. W. Freeman, and A. H. White, 

* ee “Fundamental Aging Effects Influencing 
_ High-Temperature Properties of Solution- 
Treated Inconel X,” Technical Note No. 
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: 7 Messrs. Ray W. GuarbD! AND ROBERT 


4 


E. Kerru! (presented in written form).— 
This interesting and thought-provoking 
paper prompts several questions and 
comments: 

Taylor’s study of nickel- 
chromium-aluminum-titanium quater- 
nary system (author’s reference (5)) 
indicated that Ni; (Al, Ti) will contain 
considerable amounts of chromium under 
equilibrium conditions. Yet the authors 
were able to account for the observed 
quantities of residues by assuming com- 
plete titanium and aluminum precipita- 
tion, and also showed negligible titanium 
and aluminum remaining in the electro- 
lyte. Were the residues analyzed for 
chromium content? Such analyses might 
shed light on the nature of the non- 
equilibrium conditions which were postu- 
lated to explain the lattice parameters. 
Calculations of particle spacing and 
vOlume fraction of precipitate would 
also be affected somewhat if the pre- 
cipitate contained chromium. 

2. It seems doubtful that coherency 
strains in general could have much effect 
on particle growth rates, since the zone 
of solute depletion around a particle 
will extend far beyond the range of the 
coherency strains. This is particularly 
true in the present case, where the degree 
of mismatch was so slight (0.5 per cent). 

3. Were the Ni; (Ti, Al) particles 
microscopically confirmed to be cubic 
in shape and randomly dispersed? 


1 General a Research Laboratory, 
Schenectady, 


709 


Westbrook’s observations are that they 
are often spherical or occur in disk- 
shaped colonies of cubes. 

4. What evaluation of the reduction 
of area and elongation figures (Table VI) 
would the authors make in view of the 


extensive intercrystalline cracking? 


5. Do the authors have any ideas as to 


, why there is such a large hardness in- 


crease on aging in this system, particu- 
larly at high solutioning temperatures 
and lower titanium plus aluminum con- 
tents? It is difficult to account for this 
hardness increase in a system where: 

(a) Matrix and precipitate are of 
about the same hardness; 

(6) Both have the same crystal struc- 
ture; and 

(c) The degree of mismatch is very 
small. 

Messrs. N. J. GRANT AND N. E. 
RoGEN (authors)—The work of Wilde 
and Grant (2) with Inconel X550, an 
alloy somewhat similar to those investi- 
gated during this investigation, showed 
that residues contain from 2 to 3 per 
cent chromium. A chromium content 
of this amount would not change ap- 
preciably the magnitude of the calculated 
particle spacing. It is the relative 
variations and the general magnitude 
of the particle spacings that are of 
significance. 

We are inclined to agree that co- 
herency strains do not have much (a 
primary) effect on particle growth. 
However, because of the small inter- 
particle spacings, the high secondary 
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phase content, and the lack of knowledge 
as to the actual extent of coherency 
strains around coherent precipitate 
particles, this effect cannot be com- 
pletely neglected. Work now in progress 
indicates that subtle variations in the 
growth rate of precipitate particles may 
occur during the coherent-incoherent 
transformation. It is not inconceivable 
that a variation in the extent of co- 
herency could lead to a variation of the 
_ particle growth rate of these alloys. 
The work of Corey, Rowe, and Freeman 
(8) on similar alloys indicated that the 
precipitate particles are cubic; we 
assumed this shape as a convenience to 
calculate interparticle spacing; however, 
the spacing could be calculated assuming 
a spherical shape and would not cause 
a significant change in the spacing rela- 
tionships. 

All the alloys exhibited intercrystalline 
failure. These alloys exhibit low elonga- 
tion in tests greater than about 10 hr, 
have no first-stage creep to speak of, and 
owe much of the actual recorded elonga- 
tion values to opening up of intercrystal- 
line cracks during third stage creep. 

The variation in hardness during 
aging can be related to the interparticle 
spacing. The interparticle spacing in 
these alloys varies from approximately 
100 to 300 A. The dispersion hardening 
theories of Orowan, Mott, and Nabarro 
and Tisher, Hart, and Pry are in general 
agreement on the degree of dispersion 
necessary to produce maximum inter- 
ference with the movement of disloca- 
tions.2 This spacing requirement has 
been met by the aged alloys of this 
system. 

There is a large difference in hardness 
between the supersaturated matrix and 
the precipitate. A bulk sample of Ni; 
(Al, Ti) shows a Rockwell C hardness of 
31 while a solution heat treatment of 
alloy 8v at 2250F will yield a matrix 


2 E. W. Hart, “Theories of Dispersion Hard- 
ening,’’ Relation of Properties to Microstruc- 
ture, Am. Soc. Metals, pp. 95-107 (1954). 
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hardness of Rockwell A 47. Hardening of 
the alloy beyond Rockwell C 30 must 
then occur as a result of lattice strains in 
the system on aging. Furthermore, fine 
precipitates of Ni; (Al, Ti) should be 
harder than bulk Ni; (Al, Ti) because 
the former should have a lower imperfec- 
tion density. 

Mr. KENNETH G. CARROLL.*—This 
paper provides a most interesting 
approach to the fundamental problem of 
understanding the behavior of modern 
superalloys. The authors have opened 
up new avenues for research by their 
application of techniques which provide 
vital information on the structure of 
precipitation-hardened alloys. 

I would like to point out the fact that 
the alloys studied by the authors con- 
tained carbon in concentrations not 
much different from commercial alloys. 
Therefore it seems probable that con- 
siderable carbide formation accompanies 
the precipitation of y’ phase. The effects 
of carbide precipitation in grain bound- 
aries may well be of major importance 
to the stress-rupture properties observed. 
In particular, the anamolous curve in 
the authors’ Fig. 3 (alloy 11 v) may be 
an indication of the formation during 
the rupture test at 1500 F of one of the 
two carbides to be expected: CrosCg or 
Cr7C; 

X-ray line broadening as a means of 
measuring particle size suffers from the 
inherent defect of emphasizing the larger 
particles in a distribution of sizes. In the 
event that particles of two distinctly 
different diameters are present, for 
example 500 A and 50 A, the method 
used will not reveal the presence of the 
smaller size. An example of this is shown 
in the accompanying Fig. 4, taken by 
J. R. Mihalisin on the electron micro- 
scope in our laboratory. This is an 
extraction replica, at an original magnifi- 
cation of 4000, of the precipitating y’ 
phase in a commercial nickel-chromium 


3’ Head, Physics Section, International Nickel 
Co., Bayonne, N. J. 
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alloy containing aluminum and titanium 
(Nimonic 80A). This structure resulted 
from solution treatment for 1 hr at 
2200 F, followed by aging for 16 hr at 
1600 F. The particles are seen to consist 
of widely different sizes, and the large 
ones are evidently the “diced cubes” 
reported by J. B. Newkirk of the General 
Electric research group.‘ Development 
of the large “diced cubes” is ascribed to 
rapid growth on all eight corners of a 
preexisting cube, under conditions of 
drastically altered coherency strains 
between matrix and precipitate. In a 
precipitation reaction of this nature, 
X-ray line broadening measurements 
could be quite misleading unless accom- 
panied by direct observation in the 
electron microscope. 

The authors’ statements regarding 
quantitative extraction of the y’ phase 
seem to imply that near equilibrium is 
attained during treatment at 1400 or 
1500 F for a day or two. One would 
expect the kinetics of precipitation to be 
similar in these alloys and in commercial 
alloys. An example of the sluggishness 
of the y-to-y’ transformation is shown 
in Fig. 5, which is an electron micro- 
graph of a specimen held at 1500 F for 
35,000 hr. Not only is the precipitation 
reaction still proceeding, but the small 
dot-like particles of gamma prime are 
transforming to the needles of »-phase, 
as established by X-ray diffraction. 
Although this particular alloy is not 
identical in composition to those studied 
by the authors, the precipitation reac- 
tions can be expected to be similar, and 
the approach to equilibrium should not 
be vastly different. 

Messrs. GRANT AND ROGEN.—Parti- 
cle size measurement by X-ray line 
jie results in an arithmetic 
average of particle sizes. Remeasure- 
“ments of particles and particle mixtures 
_ measured previously with the electron 
43. B. Newkirk, “Mechanism of Precipita- 
tion in Copper - 2.5 per cent Iron Alloy,” Trans- 


actions, Am. Inst. Mining Engrs., Vol. 209, p. 
1214 (1957). 


N ICKEL -CHROMIUM — 


microscope resulted in an agreement with 
an error of only 10 per cent. Mixtures of 
different sized particles gave an arithmetic 
average of particle size.’ Our average 
particle size measurements agreed with 
those made at the University of Michi- 
gan® using the electron microscope. They 
also found the precipitate particles to be 
relatively uniform in size and distribu- 
tion. Also, up to 1000 hr after aging, the 
particles remained spherical. This is in 
agreement with our recent observations 
using the electron microscope and 
extracted precipitates. An average parti- 
cle size measurement is very valuable for 
this system because it allows an estimate 
of the interparticle spacing. This spacing 
or dispersion is related to the metallurgi- 
cal properties of these alloys (reference 
(4) of the paper). 

Mr. Carroll’s Fig. 5 does not represent 

“precipitation reaction still proceed- 
ing,” but a growth and redistribution of 
particles after precipitation had been 
completed long before 35,000 hr. Figure 
5 may only be showing formation of 
y' on the existing 7 phase? Further, the 
solubility of y’ phase for titanium is not 
exceeded by any of the alloys (reference 
(5) of the paper) in our group. 

If carbide formation is the explanation 
for the upward break on one stress 
rupture curve for alloy 1lv, there 
appears to be little reason why this 
upward break did not occur also in 8v 
and 13v. 

The carbides should form and grow in 
similar fashion for each alloy because the 
carbon content is fairly constant. We 
are inclined to believe that the upward 
break is instead associated with 7’ 
precipitation during the course of testing. 

5L. S. Birks and H. Freedman, ‘Particle 
Size Determination from X-ray Line Broaden- 
ing,’’ Journal, Applied Physics, Vol. 17, pp. 687-— 
692 (1946). 

6 W.C. Bigelow, J. A. Amy, and L. O. Brock- 
way, “The Effect of High Temperature Aging 
on the Development of Minor Phases in an Age- 
Hardening Nickel-Base Alloy,” Transactions, 
Metallurgical Society, Am. Inst. Mining, Metal- 


lurgical, and Petroleum Engrs., Vol. 212, No. 
4, Aug., 1958, pp. 543-548. 
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NICKEL - Al.O; ALLOYS*f 
By Water S. Cremens! AnD J. GRANT? 
SYNOPSIS 


Utilizing fine nickel powders down to 1 to 2 yw, blended with Al,O; from 0.2 
to 0.02 uw, extrusions were made to produce alloys containing up to 45 volume 
per cent of Al,O;. These products have been tested in tension at room tempera- 
ture and in creep rupture at 1300 to 1800 F. The interparticle spacing of the 


Ever since the disclosure in 1951 by 
Irmann (1)* that a finely dispersed 
aluminum oxide in pure aluminum gave 
unusual high temperature strength and 
high temperature structural stability, 
there has been a keen interest in applying 
the dispersion hardening _ principles 
learned from this alloy to more refrac- 
tory, higher melting temperature metals 
and alloys. As a result there have been a 
number of investigations of the SAP 
type materials by Gregory and Grant 
(2), Lyle (3), and Lenel e al (4,5). In 
addition, Zwilsky and Grant (6) recently 
reported on the high-temperature creep 
rupture properties of Cu-SiO. and 
Cu-Al.O; alloys which showed many 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

T Based on a thesis submitted in partial ful- 
fillment of the requirements for the Se.D. 
degree, Department of Metallurgy, Massachu- 
setts Institute of Technology, Cambridge, Mass. 

Formerly Research Assistant, Massachu- 
setts Institute of Technology; now, Technical 
Liaison Office, USAFE, Wiesbaden (Germany). 

2 Professor, Department of Metallurgy, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 729. 


Al,O; in the alloy is related to the measured mechanical properties. 


characteristics similar to those exhibited 
by the SAP type alloys, namely, superior 
high-temperature creep rupture proper 
ties and structural stability at high 
temperatures. Similarly, interesting 
high-temperature properties have been 
shown by Bruckart and Jaffe (7) for 
molybdenum when strengthened with 
small additions of a variety of refractory 
metal oxides. 

Work reported to date appears to 
suggest the following characteristics to be 
important: 

1. An average interparticle spacing of 
less than 1 yw to achieve maximum 
strengthening; 

2. A stable refractory particle as the 
means of achieving the dispersion hard- 
ening, preferentially by means of an 
oxide so that solubilities are either nil or 
exceedingly limited; and 

3. Extrusion of the alloy from its 
powder compact form in order to achieve 
a high rate of deformation so that energy 
may be stored in the structure. 

For the 


current work, nickel was 


chosen as the matrix metal because of 
its high melting point, its reasonable 
oxidation resistance in the pure form, 
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and its availability in powder form in 
the size range near 1 or 2 uw. Aluminum 
oxide was chosen because of its high- 
temperature stability, its availability in 
reproducible fine particle form down to 
0.02 wu, and because of its high melting 
temperature. 


Raney catalyst, a patented powder 
used as a hydrogenation catalyst, was 
received in the form of 50 per cent 
nickel - 50 per cent aluminum powder 
and was processed according to the 
method of Covert and Adkins (9), 
essentially digestion in a sodium hydrox- 


TABLE I.—RAW MATERIALS. 


Composition, weight, per cent . 
Nickel Powders on 
Tron | Sulfur | Precipitate 
0.083 0.0073 0.987 8 to 12 
0.032 0.037 0.299% particles 1 to 2 
(same as above but micronized) 1 to 2 
0.000 0.0057 | 0.000 2to3 
bic (2.4 per cent aluminum in prepared 0.13° 
powder) 


Diameter@ for 
Uniform 
Spheres, 


Aluminum Oxide Powders 


Alcoa a (alpha) 0.22 
Linde B (gamma)............... 0.05 
0.033 


Alon CII (gamma) 


Specific Surface Surface-to- Nominal Specific 
Area, sq m Volume Ratio, Gravity, g per 
per g cm" cu cm 
6.97 27.6 X 104 3.96 
5.94 23.5 3.96 
35.0 121.5 3.47 
51.13 176.0 3.3 to 3.6 
99 to 106 334.0 3.2 to 3.3 


@ Supplier’s analysis. 


EXPERIMENTAL PROCEDURE 


Raw Materials: 


Table I lists the grades of nickel 
powders available to the program as well 
as the grades of aluminum oxide powders 
used in making the alloys. The PRI-2 
nickel is a precipitated powder made by 
the Sherritt-Gordon Mines, Ltd. (8). The 
precipitated particles consist of weakly 
bonded clusters which may measure up 
to 10 w in the aggregate. By using an 
air-blast vortex mill, the “‘Micronizer,”’ 
it is possible to break up these clusters to 
produce a powder made up of discrete 
particles of about 1 to 2 uw. This latter 
micronized grade is referred to as the 
PRI-2 M product. 


+ Analysis, Massachusetts Iastitute of Technology. 
_ © Diameter of uniform spheres corresponding to specific surface of 5.2 sq m per g. 
_ 4@Diameter of uniform sphere corresponding to specific surface. 


ide solution. The resultant iii: 
fine powder is pyrophoric and must be 
stored under a liquid—in this instance 
alcohol. X-ray diffraction of the lattice 
spacing was made and compared to work 
of Bradley and Taylor (10). The results 
indicate a residual aluminum content of 
about 2.4 weight per cent. 

The Raney nickel powder and the 
aluminum oxide powders were all 
checked to determine specific surface 
values according to the method of Bru- 
nauer, Emmett, and Teller (BET) ret 
and the resultant values are listed i 
Table I. 


Preparation of Powder Compacts: 


Early in the program, the nickel 
powders and the aluminum oxide were 
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blended by means of a ball milling opera- 
tion in a ferritic stainless steel mill with 
ferritic stainless steel balls. The ball 


milling was not intended as a comminu- 


tion; in fact, it was more likely that with 
ductile nickel powders there was a 
tendency to form coarser agglomerates 
due to welding together of nickel par- 
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using the Waring Blendor technique. A 
mixing time of 4 hr was found to give 
results superior to those found after 
many hours of ball milling. 

After the blending operation, the mix- 
tures were reduced in dry hydrogen at 
645 F for a period of three or more 
hours. After this reduction, the powders 


TABLE II.—IDENTIFICATION OF EXTRUSIONS—WITH DENSITIES AND 
INTERPARTICLE SPACINGS. 


Reciprocal | M ‘er Cent 
ma | ‘Density, | of heo- | Oxide Powder | Nickel Powder 
No. 14... 10 5.7 0.175 | 8.33 99.2 Alcoa Inco Carb. 
Sera 14.6 4.3 0.232 8.04 98.4 Alcoa Inco Carb. 
No. 16.... 5 9.2 0.109 | 8.60 99.5 Alcoa Inco Carb. 
No. 17 (pure 
nickel)... ... 0 0 8.90 Inco Carb. 
No. 18 9.9 6.8 0.147 8.45 100.5 Linde B PR1-2 
3 See 12.1 7.6 0.133 8.18 98.6 Linde A PR1-2 
OO ea 24.7 3.9 0.256 7.49 97.5 Alcoa PR1-2 
45.2 2.3 0.435 5.80 90.2 Alcoa PRI1-2 
SS 10.8 6.6 0.152 | 8.29 99.0 Alon CI PR1-2M 
No. 23.... 10.1 3.8 0.262 8.35 99.4 Linde B PR1-2M 
3.5 5.1 0.031 8.76 100.2 Alon CI PR1-2M 
No. 25 17.9 3.8 0.264 7.91 98.7 Alon CI PR1-2M 
ae 20.5 3.3 0.303 7.69 97.8 Alon CI Inco B 
No. 27 19.4 3.3 0.303 7.83 98.8 Linde B PR1-2M 
No. 28 20.2 3.7 0.270 7.81 99.0 Linde B Inco B 
No. 29 8.3 3.1 0.322 8.46 99.6 Alon CI Inco B 
ee 3.2 4.8 0.208 8.72 99.7 Alon CII Inco B-2 
No. 34... 7.9 2.3 0.435 8.34 98.0 Alon CI Inco B-2 
No. 34 CW (see = for aus 8.52 | 100.1 Alon CI Inco B-2 
34 
ee 15.2 2.1 0.476 8.02 98.4 Alon CI Inco B-2 
21.6 2.5 0.400 7.52 96.2 Alon CII Raney 


ticles. Mixtures were ball milled for 
periods of 8 to 36 hr. Extrusions for 
alloys 14 to 29 were prepared by blending 
the powders by ball milling. 
Subsequently a high-speed Waring 
Blendor was used to mix the powders. 
After many trials using simple tumbling, 
tumbling with baffles, ball milling dry 
and with laurel alcohol, etc., it became 
apparent that dry ball milling for suffi- 
ciently long times produced dispersions 
superior to wet methods and that blend- 
ing dry in the Waring Blendor produced 
blends which were much more homogene- 
ous than from the ball milling operation. 
Extrusions 30, 34, and 35 were made 


were stored in tightly sealed containers 
in preparation for making the actual 
powder compacts. 

The compacts were prepared by tamp- 
ing layers of the mixed powder into a 
pressing canister. The canister consisted 
of a brass tube about 2 in. in diameter, 
containing holes drilled around the entire 
periphery. A rubber sleeve was fitted 
inside the canister and was _ rubber 
stoppered at one end. Layers of the 
powder were tamped progressively until a 
powder compact approximately 3.5 in. 
long was formed. 

This assembly was then placed in a 
vacuum chamber which was pumped 


{ 


4 
y 
7 


down to 1 mm of mercury pressure, at 
which time the open end of the canister 
was stoppered. 

This canister assembly was then 
placed in a hydraulic chamber to which 
a hydrostatic pressure of 75,000 psi was 
applied. 

The cold-pressed powder compact was 
then sintered in dry hydrogen at a 
temperature of 2280 to 2370F for a 
period of about 50 hr. Compact 35 was 
sintered at 1730 F, and compact 34 was 
extruded without any prior sintering 
operation. After sintering, the compact 
was ground to a right cylinder usually 
having the dimensions of about 1} in. in 
diameter by 2 in. long. 

The sintered compact was canned in a 
mild steel jacket in preparation for 
sheath extrusion. The sintered compact 
was dropped into the steel jacket, a plug 
was welded into place to seal the jacket 
except for the tube which was used to 
evacuate the can prior to extrusion. 
After evacuation the tube was sealed off. 

The canned slug was then heated to 
1950 F and extruded on a 300-ton press. 
The high-speed single pass reduction was 
calculated to give a final diameter of the 
nickel-alumina rod of about 0.30 in. This 
yielded a reduction of cross-sectional 
area of about 25 to 1, and permitted 
machining of test bars with 0.25 in. 
threaded ends and a 0.16 in. diameter by 
1 in. long gage section. These compacts 
yielded about 3 ft of useful alloy for 
test purposes. 

Exceptions to the above procedure 
were made for extrusions 30, 34, and 35. 
These were extruded on a _ 1000-ton 
capacity press and were canned in a 
thicker steel jacket. Also, extrusions 
Nos. 34 and 35 were made at a tempera- 
ture of 2350 F. 


Metallographic Examination: 


A section from the center of each 
extruded rod was taken to provide 
transverse and longitudinal views of the 
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structure. Specimens were mounted in 
bakelite and taken through the usual 
grinding belts and polishing papers, 
through No. 00 emery paper. Polishing 
was continued with Smit’s No. 4 diamond 
paste on a broadcloth wheel and com- 
pleted with No. 7 or No. 8 diamond 
paste on a velvet wheel. This procedure 
resulted in a minimum of tearing out of 
the alumina particles from the matrix. 
No etching technique was found which 
would yield an intelligible structure in 
the matrix while preserving the oxide 
inclusions. Consequently examination 
was made of the as-polished surface. 

A Hurlbut counter was used to obtain 
average interparticle spacing for each 
alloy. Counting was carried out at a 
magnification of 1300X. Two perpendic- 
ular traverses were made on each speci- 
men to give a total distance covered of 
10* w (1 cm) minimum. Results are 
given in Table II. 


Creep-Rupture and Tension Testing: _ 


All compacts were tested in the as- 
extruded condition with the exception of 
extrusion 34 which was tested also in the 
cold-worked condition. Stress rupture 
testing was carried out primarily at 
1500 F since this was the highest tem- 
perature one could normally use for pure 
nickel without encountering excessive 
oxidation. This is also the temperature 
at which there is the greatest amount of 
data permitting comparison of the 
strength properties of these alloys with 
conventional alloys. A number of tests 
were run at 1300 and 1800 F to see what 
the temperature-strength characteristics 
of these alloys might be. All stress- 
rupture tests were constant load tests. 
Temperature control and other condi- 
tions met ASTM specifications. Test 
results are summarized in Table III. 

Room-temperature tension tests were 
made on each of these extrusions to 
provide yield and tensile strength, elonga- 


Elongation, 
per cent 


Reduction 
of Area, 
per cent 


P RESULTS AT 1500 F. 


per hr 


Minimum Creep 
Rate, per cent 


Rupture Life, 
hr 


Q 
=) 
@ 
=a 
=< 


No. 17 (pure nickel)...... . 


q 148.0 0.024 5.8 
1.7 2.1 4.5 
7 3.7 1.33 3.3 
; 118.0 0.017 3.4 
0.2 45.0 31.0 
0.73 3.9 13.0 
8.9 
0.032 5.3 
= 2.1 2.6 
P 0.4 2.4 
5.0 
1.83 2.9 
5.0 
4.5 
0.19 3.6 : 
0.02 4.6 
i 0.250 5.3 
0.006 5.6 
2.0 
0.37 
0.008, 
0.0034 
0.135 
11 000 0.027 
14 000 1.3 | 
. 11 000 0.067 
9 000 0.011 
9000 | 0.053 
7000 0.0018 
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TABLE III.—Concluded. 


Rupture Life, Creep Reduction Elongation, 
Alloy Stress, p per cent 
1300 F 
No. 17 (pure nickel)....... 6 000 3.6 9.8 
13 000 44.0 1.0 
11 000 161.7 
18 000 18.7 3.5 
15 000 385.0 
1350 F 
No. 17 (pure nickel)....... 5 500 2.45 1.0 9.7 
4 000 14.5 co 5.4 
3 030 68.7 0.06 5.9 
1800 F 
No. 17 (pure nickel)....... 3 029 0.53 6.2 
5 000 0.15 44.0 3.1 
3 000 0.15 44.0 3.1 
3 040 360.0 
2 890 118.1 0.013 6.2 
5 000 5.4 0.13 0 
TABLE IV.—ROOM TEMPERATURE TENSILE PROPERTIES. 
Strength, psi Offset, psi per cent per cent A Scale 
61 900 36 400 20.0 17.0 53.0 
59 100 43 500 11.0 7.2 50.0 
59 800 48 000 27.0 39.0 46.0 
No. 17 (pure nickel)....... 65 000 50 000 20.0 74.0 27.0 
65 300 39 800 12.5 11.2 57.0 
53 700 33 900 12.5 9.2 52.0 
82 300 65 200 4.2 3.5 61.0 
53 600 33 500 12.0 9.8 52.0 
rere er 72 700 40 500 13.0 28.0 44.0 
75 500 49 300 6.7 3.7 54.0 
75 500 55 000 9.3 12.5 53.0 
80 200 53 200 4.0 3.8 55.0 
52 500 34 500 27.0 38.0 44.0 
ig 56 300 18 800 44.0 43.0 
54 200 25 900 24.0 31.0 45.0 
63 000 60 000 10.7 18.2 54.0 
xin 71 500 58 400 5.3 2.5 
No. A—Ni*.............. 50 000- 10 000- 35.0- 50.0- 31.0- 
80 000 30 000 50.0 70.0 42.0 
@ Annealed A Nickel (99.4 nickel + cobalt) values from ‘‘ASM Metals Handbook,” 1948 Edition, 
Am. Soc. Metals, p. 1046. 
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tion, and reduction of area values. These 
results are summarized in Table IV. 


Test RESULTS 


1500 F Creep-Rupture Results: 

The principal strength criterion chosen 
for these materials was rupture life at 
1500 F (Fig. 1). For most of the materials 
only two or three datum points were 
obtained. These were plotted separately 
for individual materials, and the most 
representative straight line was transposed 


ture, still in its steel extrusion jacket, 
to an area reduction of 37 per cent. The 
height of curve 34 CW above that for as- 
extruded 34 shows the strength increase 
due to cold working and further densifi- 
cation. All other materials were tested 
only in the as-extruded condition. 
Comparing the 34 CW alloy to the 
reference alloy No. 17, a sevenfold in- 
crease in the stress for 100-hr rupture 
life value was obtained with this alloy 
containing 7.9 volume per cent of 0.03 u 


16 OOO T 


T | T 


34Cw 
14.000 


12000 


10000 


Stress, psi 


fe) il po 


ISOOF 


0.1 | 10 


100 1000 


Rupture Life, hr 
Fic. 1.—Stress versus Log Rupture Life at 1500 F for Ni-Al,O; Alloys, Commercial Nickel, 


Inconel and Duranickel. 


to Fig. 1. Straight lines on a semilog 
plot were found to give a fair representa- 
tion of the data for each alloy. 

Included for comparison are four 
alloys containing no oxide additions: 
No. 17, a nickel powder process blank; 
wrought A-nickel, commercially pure 
nickel; wrought Duranickel (in the 
annealed condition), an alloy containing 
4.3 per cent aluminum; and Inconel (12). 

The topmost curve, 34 CW, repre- 
sents tests made on extrusion 34 in the 
cold-worked condition. Part of the extru- 
sion was swaged at room tempera- 


aluminum oxide. Sixfold increases were 
obtained with several other alloys. 

The rupture life properties in Fig. 1 
are correlated with the structures of the 
alloys in the next two figures. Some 
scatter is to be expected, as shown in 
Fig. 2, because of differences in segrega- 
tion from alloy to alloy and because of 
density differences over a fairly wide 
scale. Figure 2 is a plot of stress for 10-hr 
rupture life versus the reciprocal of the 
average interparticle spacing. The top 
scale conveniently shows the _ inter- 
particle spacing directly. The boxed 
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datum points represent alloys which 
had less than 99 per cent of theoretical 
density and which were accordingly 
weighted less heavily than the more 
dense alloy values in drawing the curve. 
Similar curves were determined for the 
100-hr and 1000-hr rupture life stress 
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rates for a number of the alloys. Com- 
pared to pure nickel (alloy No. 17), 
alloys Nos. 23 and 29 show a decrease in 
creep rate at 5000 psi and 1500 F by a 
factor of about 10°. 

Elongation and reduction of area 
values are listed in Table III. The reduc- 


Stress, psi 


17, Pure Nickel 


| 


| 


-Less than 99 percent 


2000}— @/5 Dense 4 
| | | | | | 
0. 0.2 0.3 04 05 


Reciprocal of Measured Interparticle Spacing, + q° yp 


Fe. 2.—Stress for 10-hr Rupture Life at 1500 F versus Reciprocal of Interparticle Spacing. 


values, and the summary of curves is 
shown in Fig. 3. 

By comparison, plots of stress for a 
given rupture life versus volume per cent 
oxide did not show a consistent pattern 
at all. 

Because of a limited number of test 
specimens and relatively short-time 
creep rupture tests, it was impossible to 
obtain many complete ‘creep curves; 
however, based on values available, Fig. 
4 shows the approximate minimum creep 


tion of area values are somewhat 
questionable because of significant oxida- 
tion during test, especially in longer 
time tests. 


The 1300 and 1800 F Creep Rupture Tests: 


The creep rupture tests which were 
run on a limited number of alloys at 1300, 
1350, and 1800 F are listed in Table III 
and yielded values of stress for a 10-hr 
life. These results are summarized in Fig. 
5 as a function of the test temperature 
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and are compared to listed values for the 
commercial alloy, Inconel, and pure 
nickel. The importance of full density is 
apparent, especially at the higher tem- 
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oxide values gave a better relationship in 
this instance than did _ interparticle 
spacing. The effect of oxide additions on 
the room temperature tensile or yield 


(os) 10 5 4 3 2 Rui 
2 


0.1 0.2 


Fic. 3. 
Interparticle Spacing for Ni-Al,O; Alloys. 


peratures, since alloys Nos. 28 and 29 
show much more flat slopes than do 
alloys Nos. 25 and 35. 


Room Temperature Tensile Data: 


Ultimate tensile and yield strength 
values are plotted in Fig. 6 (a) while 
elongation and reduction of area are 
plotted in Fig. 6 (6), both against volume 
per cent of oxide. The volume per cent 


= 


Reciprocal of Measured interparticle Spacing p-' 


0.3 04 0.5 


-Stress for Rupture Time Values of 10, 100 and 1000 hr at 1500 F versus Reciprocal of 


strength is relatively small compared to 
the effect on high-temperature strength. 
In contrast to this, the effect of volume 
per cent oxide on ductility is large. Note 
here, too, the apparently important 
effect of density on the ductility values 
(in contrast to the effect on strength). 
Alloys containing less than 10 volume 
per cent of oxide show relatively high 
elongation values. 


ec 
= = 100-hr 
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_ Fic. 4.—Stress versus Log Minimum amp Rate at 1500 F for Ni-AlOs; Alloys. 
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Fic. 5.—Stress for 10-hr Rupture Life versus Temperature Compared to Pure Nickel and Inconel. 


Metallographic Observations: times larger in alloy No. 18 than the 
0.05 » Linde B alumina originally added. 
Furthermore, although line width meas- 
_ reproducing reliable, accurate structures yrements were not treated quantita- 
in polished specimens. Electron micro- tively, measurements on extracted par- 

graphs showed oxide particles up to 50 ticles from extrusion No. 18 showed 


Early tests indicated the difficulty of 


g 

13000 

$7000 

6000} 5, 
5000/33 
3000 

=< 

"§ 

s 


alpha-alumina (gamma was added), the 
particles of which were significantly 
coarsened. It clearly appears that clus- 
ters of fine gamma alumina had sintered 
into coarse alpha particles. Accordingly 
it appeared adequate to use a light 
microscope with a Hurlbut counter to 
measure particle spacing at 1300X. 
Typical transverse and longitudinal 
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were generally lower in sulfur, but most 
were considerably above the optimum 
maximum of 0.005 per cent desired for 
nickel alloys. Fortunately, most of the 
extrusions showed less than 0.020 per 
cent and many showed below 0.005, 
except alloy No. 24 which had 0.015 and 
alloy R-1 which had 0.017 per cent. It 
would appear that the hydrogen sintering 


T T T 
Percent Elongation 
e- Percent Reduction of Area 


o-Less than 99percent Dense 
° 

= Reduction of 
5 ° 
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o-Yield Strength,O.2 percent Offset} 
e@-Ultimate Tensile Strength 
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7 Yield Strength 139900 
a 0.2 percent 
10- Offset —20000 
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Volume Percent Oxide 


(a) Elongation and Reduction of Area. 


(b) Ultimate Tensile Strength and Yield Strength. 


Fic. 6.—Room Temperature Tensile Properties versus Volume per cent Oxide. 


sections are shown in Figs. 7 and 8. 
Figure 7 is of alloy No. 29, which con- 
tains 8.3 volume per cent Al,O; with an 
interparticle spacing of 3.1 wu. Figure 8 is 
of alloy No. 35 with 15.2 volume per cent 
of Al,O; with an interparticle spacing of 
2.1 uw. The amount of stringering of the 
oxide in these two alloys is relatively 


small. 


DISCUSSION 


Variations in Properties—Table I 
shows that the PRI-2 nickel powder had 
().070 per cent sulfur (our check analysis 
gave 0.037). The other raw materials 


operation is instrumental in lowering the 
sulfur content of the nickel powder while 
it is in the low-density compact form. 
The accuracy of the theoretical density 
values listed in Table II is believed to 
be +1 per cent. For this reason the 
points in Figs. 2 and 6 for alloys with 
less than 99 per cent density are boxed. 
It was observed for the fabrication tech- 
niques used in this study that densities 


_ greater than 99 per cent are usual for 


alloys containing less than about 10 
volume per cent of Al,O; and generally 
are less for alloys with greater than 10 
volume per cent oxide (see Table II). It 
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(Top) Transverse Section. (Bottom) Longitudinal Section. 
Fic. 7.—Structure of Alloy 29 Containing 8.3 Volume per cent AlO; (X 1000), Unetched. 


Interparticle spacing is 3.1 yp. 


is presumed that the large improvement 
in the stress rupture properties of alloy 
34 CW was due in substantial part to 
improvement in density with cold work. 

Strength Considerations.—While large 


increases in rupture life and creep resist- 
ance are evident from Figs. 1 and 4, it is 
Figs. 2 and 3 that are of particular inter- 
est. Recalling that the interparticle 
spacing of the almost ideal structure of 
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(Top) Transverse Section. (Bottom) Longitudinal Section. 5 
Fic. 8.—Structure of Alloy 35 Containing 15.2 Volume per cent Al,O; (X 1000), Unetched. 


Interparticle spacing is 2.1 pu. 


SAP was about 0.35 yu (2), extrapolation 
of the curves of Figs. 2 and 3 clearly 
indicates that still further strength im- 
provements are to be anticipated if finer 
interparticle spacings can be achieved by 
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mechanical blending of ultra fine metallic 
and oxide powders. 

Interparticle Spacing.—In the present 
work and elsewhere (2,13,14), it has been 
shown that the average interparticle 
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“Fic. 9.—Calculated Average Interparticle Spacing versus Oxide Content. 


spacing of the second phase is the struc- 

tural parameter of prime importance for 

creep strength of dispersion strengthened e 

materials. 
Assuming an alloy consisting of iso- 


lated oxide particles in the matrix phase, V 

the alloy to be made by mixing of as- \S/), 
sumed uniform spheres of oxide and 

metal, what is the relation between the “so 


amount and particle size of oxide and 

the average interparticle spacing I.P.? 
The answer, derived from general 

spatial relations given by Smith and 


Guttman (15) is: 


rp.=4(5) 


where: 
= arithmetical average of inter- 


= ratio of 


particle spacings determined 
as the mean value of the 
lengths of intercepts made on 
a random line by oxide- 
matrix interfaces, 


total volume of 
oxide to total oxide surface, 
and 

volume fraction of oxide, 


The term (7) expresses the oxide 


“particle size.”” For instance, for spheri- 
cal particles of uniform size: 


(5). 


where D,, is the particle diameter. 
Using Eq 1, Fig. 9 was constructed 


= —- -+— 
5 
1.0 
= 


showing J.P. as a function of volume 
per cent oxide for several different oxide 
particle sizes. For one simple shape, 
namely, uniform spherical particles, 
diameters are noted to aid visualization, 
but the relation in terms of volume to 
surface ratio is perfectly general. 

Figure 9 shows the minimum: inter- 
particle spacing which it is possible to 
achieve under ideal conditions with a 
given proportion of oxide powder of a 
stated size. This is the reference figure 
which was utilized in selecting materials 

to produce alloys of desired structure. 

Suppose it is desired to obtain an 
a = spacing of 1 w using less 
than 15-volume per cent of oxide. Figure 
9 shows that an oxide powder of 0.5-u 

diameter is too coarse and indicates a 
_ particle size of about 0.22 u would be 
needed even with ideal conditions. 
Ideal conditions concern the difference 
_ between mean and average interparticle 
- spacings and involve two major require- 
- ments: the first is a general requirement 
of perfect mixing, that is, a random dis- 
persion of individual oxide particles. 
The second requirement involves the 
metallic powder particle size, which 
cannot be much greater than the mean 
interparticle spacing desired. For in- 
_ stance, if the metal powder particles are 
uniform their diameters, D,,, 
cannot exceed 34 of the mean inter- 
particle spacing 
If either condition is violated, the dis- 
crepancy between mean and average 
interparticle spacing becomes large. The 
average interparticle spacing, J.P., is a 
property of the body, rigorously fixed by 
Eq 1. In a segregated body, however, 
having for example clumps of oxide 
particles with oxide-free areas between, 
the average spacing is taken among 
many very short intercepts within the 
clumps and a few large intercepts be- 
tween clumps. The average interparticle 
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property of the body as a whole, no 
longer approximates the mean value and 
is no longer representative of the struc- 
ture as regards its mechanical behavior. 
There should be no confusion, how- 
ever, between J.P. and the experimental 


values, d, of Table II. The quantity /.P. 
is mathematical and ideal. The d-values 
are experimental and were measured on 
nonrandom sections with an optical 
method of barely adequate resolution. 
What J.P. does show is the limiting 
minimum value which d approaches as 
both the experimental conditions of ob- 
servation and the degree of mixing 
improve. 

Any of several sizes of oxide powder 
may be used. For instance, 3 volume 
per cent of 0.1-u oxide powder, 14 volume 
per cent of 0.5-~ powder, or 25 volume 
per cent of 1.0-4 powder will give an 
average interparticle spacing, J.P., of 2 u 
(which under the ideal conditions as- 
sumed will not differ greatly from the 
mean value). 

If more than the necessary amount of 
oxide is added, corresponding to any 
point on a curve below the line 7.P. = 
2 wu, a condition of “overloading” occurs. 
Segregation must take place, and the 
values for average and mean _inter- 
particle spacing diverge. The practical 
consequence in a mixture pressed and 


extruded is stringer formation with 
anisotropic properties resulting. An 
alternative phenomenon to_ simple 


stringer formation observed was oxide- 
to-oxide sintering by which clusters of 
oxide combine to give a coarser effective 
oxide particle size than that in the raw 
materials. 

In such a case, the volume-to-surface 
value required for Eq 1 cannot be meas- 
ured on the raw oxide powder but must 
be determined in silu. 

When mixing techniques do not give 
perfect dispersion, it may be necessary 
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to overload the mixture, accepting some 
clustering in order to decrease the mean 
value. 

The belief is widely held that for 
metal-ceramic combinations to maintain 
the ductility characteristics of metals, 
the ceramic component must be held 
below about 15 or at most 20 volume per 
cent. The room temperature results in 
the present work would seem to bear out 
this idea. If it is accepted that volume 
per cent oxide should be held below 
some arbitrary value and if mean inter- 
particle spacings of the order of 1 yw or 
smaller are desired (see Fig. 3), then 
Fig. 9 indicates the range of metal and 
oxide particle sizes which must be used. 


SUMMARY AND CONCLUSIONS 


The method of mechanical mixing 
of powders to attain dispersion strength- 
ened alloys of the SAP type has been 
firmly established. It has been shown 
that improved properties can be achieved 
in the absence of the ideal distribution 
of oxide on fine metallic powders, typical 
of the SAP type product. 

2. The importance of the interparticle 
spacing as the definitive parameter 
relating dispersion-structure to creep 
resistance has been demonstrated again. 
An approximately linear relation was 
found between stress-for-rupture in a 
fixed time and the reciprocal of the inter- 
particle spacing. 

3.A topologic al relation (Fig. ad was 


(1) H. Irmann, “Sintered Aluminum with 
High Strength at Elevated Tempera- 
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mit hoher Warmfestigkeit,” Aluminium, 
Vol. 27, No. 2, Oct., 1951, p. 29; “L’Alu- 
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Chaleur,” Revue de L’ Aluminium, Vol. 28, 
No. 179, July-August, 1951, p. 269, and 
Vol. 28, No. 180, Sept., 1951, p. 311. 


(2) E. Gregory and N. J. Grant, “High Tem- 
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developed to relate average interparticle 
spacing in the matrix to the proportion 
and specific surface (“particle size’’) of 
the dispersed phase. 

4. Stress-rupture results observed for 
the strongest extrusions are comparable 
to those for more complex commercial 
alloys. 

5. High values for room temperature 
ductility were found for extrusions con- 
taining less than 10 volume per cent of 
oxide. At 1500 F the elongation was 
generally in the range of 2 to 4 per cent 
for all of the materials. 

6. Room temperature strength proper- 
ties were only slightly affected by the 
oxide additions as compared to their 
effect at elevated temperatures. 

7. Extrapolation of the results in hand 
points to the possibility of achieving 
“super-alloy” rupture strength with a 
still finer dispersion of aluminum oxide in 
an otherwise unalloyed nickel matrix. 
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Mr. Ciaus G. (presented in 
wrillen form).—The authors are to be 
complimented on this most interesting 
investigation. Of particular value appears 
to be their attempt at correlating, by 
experiment and mathematical analyses, 
the interparticle spacing of the second 
phase with the creep strength and stress 
rupture life of the nickel-aluminum oxide 
alloys. The conclusions which the authors 
have drawn relative to the ideal mini- 
mum spacing of the second phase parti- 
cles may conceivably be of considerable 
significance in the development of other 
high-temperature-resistant dispersion al- 
loy systems. 

The investigation has raised two in- 
teresting questions which deserve further 
attention. The first concerns the results 
obtained with the extrusion 34 CW that 
was subsequently cold worked. Are the 
superior results—especially the flatter 
slope of the stress rupture curve at 1500 
F in Fig. 1—solely to be attributed to 
an increased density, that is, the the- 
oretical value? Or is it perhaps possible 
that the cold work has stored additional 
energy in the structure and the strained 
matrix is not yet sufficiently stress re- 
lieved at 1500 F? It would be interesting 
to know how such cold-worked extrusion 
would behave at higher temperatures, 
for example at 1800 F. If the effect 
should prove to be solely a function of 
the increased density, would not subse- 

1Senior Research Scientist, New York Uni- 


versity, Department of Metallurgical Engineer- 
ing, New York, N. Y. 


quent hot work, such as swaging, produce 
a similar improvement? In view of the 
great potential which such a subsequent 
working procedure holds in store from a 
viewpoint of industrial alloy develop- 
ment, it would seem worthwhile if the 
authors would further investigate this 
approach, and perhaps confirm a trend 
with other matrix materials. 

The second question I have concerns 
the experiment carried out with the 
Raney nickel powder. Off hand, this 
matrix material had the best chance to 
fulfill the requirement of still finer dis- 
persions of aluminum oxide in a nickel 
matrix to achieve rupture strength 
comparable to that of the present super 
alloys, as cited by the authors in point 7 
of their conclusions. Unfortunately, the 
results with this powder were disappoint- 
ing. Is it correct to attribute this to a 
very high aluminum oxide content of the 
single extrusion reported? Would the 
authors care to speculate whether a lower 
aluminum oxide proportion, perhaps in 
the form of coarser particles of the Alcon 
CI type, would have resulted in a more 
homogeneous dispersion and better rup- 
ture strength? Finally, it would be 
interesting to know, whether the 2.4 per 
cent residual aluminum, converted partly 
or fully to the oxide by some kind of 
internal oxidation mechanism, would 
have a beneficial effect without the addi- 
tion of aluminum oxide powder. 

Mr. N. J. Grant (author).—Alloy 34 
was cold worked, in which case it be- 
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came 34 CW. Our reaction is that the 
improvement in properties was due to 
the improvement in density. Other alloys 
in this program showed lower stress 
rupture values when the density was 2 to 
4 per cent less than 100. Hot work would 
have given us comparable results; we 
used cold work because appropriate 
facilities were available to us. 

As pointed out in the case of our 
aluminum - aluminum oxide alloys,‘ large 
amounts of cold work did not change our 
hot properties significantly (when the al- 
loy was at full density), nor did annealing 
after cold work change these same prop- 
erties. 

We assume that comparable results 


2 W.S. Cremens, E. Bryan, and N. J. Grant, 
“Temperature and Time Stability of M-257 and 
8. A. P. Aluminum - Aluminum Oxide Alloys,” 
p. 753, of this publication. 
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would have been noted at 1800 F as at 
1500 F, but unfortunately did not have 
sufficient bar stock for more extensive 
tests. 

The Raney nickel tests were indeed 
disappointing. We ascribe the poor re- 
sults to the fact that this powder product, 
while having very high specific volume, 
is rather coarse, being made up of a 
porous spongelike mass after leaching. 
Accordingly we believe that our oxide 
additions were poorly distributed and re- 
sulted in a segregated structure which 
was worse than that obtained with our 
regular grades of fine nickel. 

Based on recent internal oxidation 
studies of a dilute nickel-aluminum alloy, 
we think that 2.4 per cent aluminum 
could produce significant strength im- 
provements if properly converted to 
oxide. 


By Lauriston C. 


SYNOPSIS 

Experimental work in progress has yielded data concerning high-temperature 
stress-rupture and creep properties of unalloyed malleable irons. Both ferritic 
and pearlitic materials have been tested for times to 2300 hr and temperatures 
ranging from 800 to 1200 F. Most applications are believed to fall within these 
ranges. Plots of log stress versus log rupture time as well as log stress versus 
T(C + log ?t) X 10-8 (Larson-Miller plots) show no discontinuities in maximum 
test periods or at any temperature thus far. This, with careful metallographic 
inspection, supports the conclusion that all materials tested to date exhibit only 
highly ductile properties and small likelihood of transitions or structural 


Although considerable information is 
available on the tensile properties of 
malleable iron at room temperature, 
there are relatively few publications 
concerning elevated temperature prop- 
erties. Notable among these are a joint 
ASTM-ASME publication (1),? covering 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Director of Research, Link-Belt Co., In- 
dianapolis, Ind. 

2 Research Engineer, Link-Belt Co., Indi- 
anapolis, Ind. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 751. 
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toa calculation of this kind and precautions to be observed in applying extra- 
are discussed. indicate a high level of pe to be 


anomalous behavior on der mene of low- carbon ferritic mate rial Ww hich exhibits 
 Seeuee high strength at 800 F. Data for pearlitic malleable irons thus 


- and equal or superior in performance to a number of the alloyed materials. 
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tests conducted at Battelle Memorial 
Inst. sponsored by the War Metallurgy 
Division of NDRC (2), and unpublished 
data obtained at the University of Wis- 


consin under the sponsorship of a mem- | 


ber of the Malleable Founders’ Society 
(3). Results of these studies are limited 


to short-time properties in tension over — 


a temperature range from approximately 
75 to 1200 F. Such information is in- 
adequate for designing equipment in- 


tended to operate for long intervals at 


elevated temperatures. Here some knowl- 
edge of the stress-rupture properties is 
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changes. Lines and extrapolations presented are based upon least squares cal- 7 
culations from the actual data with statistical confidence limits. A new least ee a 
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essential; and, if deformation is impor- 
tant, observations of creep behavior are 
necessary. Only two publications (4,5) 
deal with the stress-rupture and creep 
properties of malleable iron. One of 
these studies was carried out with cupola 
malleable iron, which is not typical of 
most commercial grades of malleable 
iron. The other is principally concerned 
with the effect of alloy additions. Stress- 
rupture testing of malleable iron is in 
progress at the University of Michigan 
under the sponsorship of a producer of 
malleable iron, but results have not been 
published. 

The uses of malleable iron, both pearl- 
itic and ferritic, at elevated tempera- 
tures have recently been increasing. The 
absence of reliable creep and _ stress- 
rupture data tends to handicap the ap- 
plication of these materials to entirely 
new uses where no similar experience is 
available. In addition, certain types of 
equipment are designed around existing 
codes and standards, which tend to pre- 
vent full use being made of materials for 
which adequate design information is not 
available. 

There is also the possibility that stand- 
ard grades of pearlitic and ferritic malle- 
able iron may be improved considerably 
for elevated temperature service through 
suitable alloying additions. 

In view of this situation the Malleable 
Founders’ Society decided upon a pro- 
gram designed to obtain useful data in 
the desired areas. This was established 
at Purdue University as sponsored re- 
search, employing existing stress-rupture 
testing facilities. The work is a com- 
panion program to fundamental research 
on the equilibrium thermodynamics of 
malleable iron constituents in the solid- 
ification range of temperatures. It is 
planned to obtain adequate design in- 
formation to assist in applying ferritic 
and pearlitic malleable irons to applica- 
tions requiring load-carrying ability for 
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4 
long periods of time at elevated tempera- 
tures. Stress-rupture and creep data have 
been obtained together with metallo- 
graphic studies of the failed test speci- 
mens. All elevated temperature meas-_ 
urements reported or discussed in this 
paper have been obtained in air at nor-— 
mal pressures. 

Prior to initiation of the stress-rupture 
tests, information then available (1,2,3) 
was reviewed. Figures 1 and 2 summarize | 
data for standard and pearlitic composi- 
tions, respectively, contained in the — 
Battelle Memorial Inst. (2) and the © 
University of Wisconsin (3) reports. 
These cover short-time elevated temper- © 


tensile strength (upper half of Figs. 1 
and 2) shows very little change with 
temperature until in the neighborhood of 
700 F, beyond which there is a rapid 
decrease with increase in temperature 
both for standard ferritic and pearlitic 
malleable irons. A decrease in elonga- 
tion likewise begins immediately above 
room temperature (lower half of Figs. 1 
and 2), reaching the minimum at 400 to 
600 F for both standard and wo 
and then increasing to values as high as 
60 per cent in a 2-in. gage length ot r xm 


1200 F for standard ferritic malleable 
irons. Yield strength and reduction of P 
area follow the same pattern as tensile . 
strength and elongation, but are not 
shown in this paper because of space 
limitations. For the present work, an 
upper limit of 1200 F was chosen because 
of the relatively low strengths beyond 
this temperature. Tests were conducted | : 
at 800, 1000, and 1200 F with standard 
and pearlitic malleable iron supplied by 
five producers. 


MATERIAL AND PROCEDURE 


The materials were carefully selected 
to be representative grades of malleable — 
iron currently in production. Test speci- 
mens of both grades of standard ferritic 
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malleable iron, high- and low-carbon 
analysis were supplied from production 
heats by a number of foundries. Several 
grades of pearlitic malleable iron are 
likewise under test. Some data on the 
latter are presented in this paper. Chem- 
ical analyses are given in Table I. A 
division into two groups is apparent, 
classified as low-carbon (2.00 to 2.45 per 
cent carbon) and high-carbon (2.30 to 
2.70 per cent carbon) (6). 

Standard 0.505-in. diameter threaded 
bars (ASTM Specification E 21)* with 
2-in. gage length were employed except 


MARSHALL AND SOMMER 


Temperatures were measured with a 
precision standard cell and potentiom- 
eter combination. Specimen and furnace 
can be adjusted relative to one another, 
thus obtaining uniform temperature 
across a gage length within a range of 
3 F. The center thermocouple on each 
specimen was connected to a multiple- 
point temperature recorder to furnish a 
continuous record of the test, and to 
permit detection of any deviation in 
temperature. 

Time to rupture was measured by 
means of direct reading clocks capable 


TABLE I.—CHEMICAL ANALYSES OF TEST SPECIMENS. 


Composition, per cent 
Material 
Carbon Silicon Sulfur Phosphorus | Chromium 
Ferritic (low-carbon) : 
Ferritic (high-carbon) : 
2.50 1.32 0.43 0.159 0.024 0.029 
Pearlitic (low-carbon) : 
ee Tree 2.27 1.15 0.89 0.098 0.135 0.019 
1.01 0.75 0.086 0.11 


for pearlitic malleable specimens at 800 
F, where higher stresses are required. 
In this case, standard 3-in. specimens 
with threaded ends (ASTM Specification 
E 8)! were used. 

Load was applied to the stress-rupture 
specimen by means of weights and a 
nominal 10:1 lever arm. Friction in the 
lever was reduced by means of hardened 
steel knife edges and anvils. Three load- 
ing systems were available, each cali- 
brated by means of a proving ring before 
tests and at suitable intervals during the 
program. 

Three thermocouples were located at 


each end and in the center respectively 
of the gage length of each test specimen. 


41958 Book of ASTM Standards, 
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of indicating 0.1 hr. These are connected 
through microswitches actuated to stop 
the clock when the specimen fails. 
Elongation was measured by means of 
dial gages calibrated in 0.001 in. These 
measured movement of the upper portion 
of the test specimen train as indicated, 
permitting observation over a very wide 
range of extension in a manner compat- 
ible with ASTM Specifications E 139. 
The assumption was made that elonga- 
tion outside the specimen gage marks is 
negligible. Comparison of the dial gage 
readings with per cent elongation ob- 
tained from the specimen after failure 
confirmed this assumption and indicated 
that the values obtained are within 5 per 
cent of the true magnitude of elongation. 
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Fic. 3.—Stress-Rupture Plot for Ferritic Malleable Iron. At 800F high carbon and 1000 F. 
points which actually occupy the same level of stress have been displaced slightly in order to show 


all the data. 
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Fic. 4.—Stress-Rupture Plot for Pearlitic Malleable Iron. 


precise extensometer equipment, meas- 
uring between gage marks. oie 
Figure 3 gives stress-rupture plots for 
low-carbon ferritic malleable irons at 
800 F, high-carbon ferritic iron at 800 F, 


Test RESULTS 


and both high- and low-carbon ferritic 
malleable irons combined at 1000 and 
1200 F. The coordinates are log stress, 
S, versus log rupture time in hours. Data 
fit a straight line closely in this form of 
presentation. Lines drawn in the figure 
are calculated least squares fits to the 
data, employing a standard regression 
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TABLE II.—CALCULATED VALUES OF STRESSES FOR TIMES TO RUPTURE 
a INDICATED FROM DATA OF FIGS. 3, 4, AND 5. 


(Extrapolated values for 10,000 and 100,000 hr are provisionally included.) 


Minimum 
Number | Rupture 
~ Group of Obser- | Rupture Initial Time, 95 
vations | -ime, hr Stress, psi per cent 
hr* 
Calculations from log-log data: 
Ferritic (low-carbon) groups A-1, E-1, G-1 at 800 F 
1 000 24 400 135 
ae 10 000 20 350 990 
‘tla 100 000 16 950 15 050 
= _erritic (high-carbon) group B-1 at 800 F (Fig. 3). 21 1 31 000 ae 
1000 | 17 000 | 280 
10 000 | 14 000 2 580 
100 000 | 11 400 1 900 
ferritic (high- and low-carbon) groups A-1, E-1, 
G-1, B-1 at 1000 F (Fig. 3)..... 35 1 15 700 
1 000 6 650 480 
10 000 4 990 4 470 
100 000 3 750 41 000 
Ferritie (high- and low-carbon) groups A-1 and B-1 
1 000 2 680 335 
10 000 1 920 2 550 
100 000 1 370 | 18 600 
Pearlitic groups E-2 and G-2 at 800 F (Fig. 4)... . 23 1 52 460 ee 
1000 | 37 140 130 
a — 10 000 33 100 1 050 
i =n 100 000 | 29500 | 7 750 
Pearlitic (low-carbon) groups b2 2and G-2 at 1000 F 
1 000 10 300 380 
- A 10 000 7 380 3 450 
100 000 5 320 29 900 
Calculations from Larson-Miller data: rare | 
Ferritic (high-carbon) group B-1 at 800 F (Fig. 5). . 71 1 33 500 | ] 
1 000 16 600 | 
10 000 13 200 | 
100 000 | 10 400 
Ferritic (high- and low-carbon) groups A-1, E-1, 
G-1, B-1 at 1000 F (Fig. 5). 71 1 | 15 500 
10 000 | 5 260 
- 100 000 4010 | 
Ferritic (high- and low-carbon) groups A-1 and B-1 | v 
at 1200 F (Fig. 5)..... | 71 7 180 
1 000 2 850 | 
10 000 2 100 
100 000 1 540 
& 
@ Calculated from actual data by standard regression analysis and based on sample number shown 
in column 2. 
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analysis. The calculations also yield 
values of the intercepts at 1, 1000, 10,000, 
and 100,000 hr. On this basis extrapola- 
tions have been shown by dotted line in 
Figs. 3 and 4 to 10,000 hr. The calculated 
100,000-hr values are given in Table II 
and discussed in a later section of this 
paper. 

The data obtained thus far with the 
standard malleable irons indicate a gen- 
eral high level of stress versus rupture 
time, equal or superior to ferritic cast 
materials for which data are available, 
particularly at 800 F. There is no evi- 
dence in any of the experimental results 
of abrupt changes in behavior or struc- 
ture during the test periods, which extend 
from approximately 1 to over 2000 hr. 
All the data thus far exhibit a good linear 
fit on the log-log plots, with no breaks 
in slope of the curves as might be ex- 
pected if fundamental changes are taking 
place. Metallographic examination con- 
firms this with respect to microstructure. 
This renders the material useful in spe- 
cial applications such as ovens, driers, 
some types of furnaces, and many kinds 
of high-temperature fittings, both struc- 
tural and plumbing. 

In Fig. 3, data for both low- and high- 
carbon ferritic malleable irons appear to 
group closely at 1000 and at 1200 F as 
well. The methods of analysis employed 
give no certain indication of a significant 
difference in the behavior of the mate- 
rials. More data are desirable at the 
longer times, particularly at 1200 F. 
With this caution in mind there appears 
ample justification, for the time being, 
for regarding both materials as identical 
in high-temperature stress-rupture prop- 
erties. The least squares fits have been 
calculated from the combined data for 
these temperatures. 

At 800 F, however, a distinct separa- 
tion favoring the low-carbon malleable 
iron appears between the data for the 
two materials. The high-carbon malle- 
able iron exhibits considerably shorter 


a2 


life at comparable stresses for all test 
periods covered. Allowable working 
stresses for this material must, therefore, 
be reduced in comparison to the low- 
carbon malleable iron, as shown in Table 
II. Still, the high-carbon malleable iron 
has considerable promise for use in load- 
carrying applications at 800 F. 

The low-carbon malleable iron at 800 F 
appears, however, to be outstanding in 
characteristics. The least squares log- 
log curve fitting the data has a much 
lower slope than might be expected for 
this temperature from comparison with 
the data at 1000 and 1200F. A few 
points obtained at 860 F, not shown in 
this paper, also give some indication 
that at the latter temperature, behavior 
of the high- and low-carbon material 
may still be identical. In any event, 
tests of specimens from three producers, 
which all agree as indicated by the curve 
in Fig. 3, yield strong evidence that low- 
carbon malleable iron at 800 F, and for 
an undetermined range below, may be 
an entirely different material in mechan- 
ical and physical characteristics. The 
methods of these experiments yield no 
direct evidence concerning the nature of 
these differences, highlighting the stress- 
rupture properties at elevated tempera- 
tures. Further work is needed and will 
be carried out. It is possible that electron 
micrographs employing new carbon rep- 
lica techniques, with the attendant im- 
provement in resolution limit to 20 A 
or better, may yield information of value 
concerning possible changes in the micro- 
structure over these ranges of experi- 
mental parameters. 

Figure 4 presents the data obtained 
thus far with two groups of low-carbon 
pearlitic malleable irons. Analyses are 
given in Table I. Both are from different 
suppliers, produced by the method of 
arrested first-stage graphitization follow- 
ing a small manganese ladle addition. 
These meet the tensile requirements of 
the first five grades of pearlitic malleable 


iron of ASTM Specification A 220.° One, 
G-2, falls very close to the requirements 
of grade 60003 and is borderline only in 
yield strength. At 1000 F, rupture stress 
levels appear superior to the ferritic 
malleable irons at the same temperature, 
but lie slightly under high-carbon ferritic 
irons at 800 F. 

Points obtained thus far with pearlitic 
irons at 800 F are plotted in Fig. 4. A 
least squares curve through these points 
indicates minimum rupture stress supe- 
rior and parallel in trend to the low- 
carbon ferritic material at the same 
temperature (see Fig. 3). 

The values obtained for these pearlitic 
malleable irons compare very favorably 
with those published for molybdenum 
alloyed irons (5) by Scholz, Doane, and 
Timmons. Here stress values can be com- 
pared tentatively at 1100 F by use of 
Larson-Miller extrapolations. On_ this 
basis, the pearlitic irons in this study 
appear equal to alloyed high-carbon ma- 
terials containing as much as 0.5 per 
cent molybdenum, which had been added 
to enhance the characteristics by stabi- 
lizing the carbide phase. In other com- 
parisons, the pearlitic malleable irons 
tested appear to be superior to other 
unalloyed cast pearlitic irons and equal 
or superior to most alloyed cast irons (7). 


Methods of Interpretation: 


In addition to the results mentioned 
above, the usefulness of these data has 
been extended through application of 
statistical methods to two types of inter- 
pretation: (1) linear log-log plots and 
(2) Larson-Miller type analysis. Both 
methods involve assumptions which are 
common in part to both. These fall into 
two categories: (1) those related to sta- 
tistical considerations, and (2) those 
pertaining to physical and _ structural 
phenomena. 
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Log-Log Plots—Table II compares the 
properties of all the pearlitic and ferritic 
materials tested thus far on the basis of 
the log-log plots (Figs. 3 and 4). Stress 
levels given are the calculated intercepts 
at 1, 1000, 10,000, and 100,000 hr by 
least squares methods from the data. 
Values for low-carbon and high-carbon 
ferritic malleable irons at 800 F are given 
separately. Those for low- and _high- 
carbon ferritic irons at 1000 and 1200 F 
were determined from the combined data 
as in the case of the curves of Fig. 3. 

Minimum rupture time values, at a 95 
per cent confidence level, are also shown 
for some of the data for log-log plots in 
Table II. These apply to Figs. 3 and 4. 
The limits result from calculations based 
on standard regression analysis of the 
data. In general, the minimum values 
are lower for smaller samples because the 
statistics automatically take into account 
the meager knowledge and are forced to 
predict a lower value to maintain the 95 
per cent probability of being right. 

In applying the above, several assump- 
tions related to statistical considerations 
must be kept clearly in mind: 

1. The calculated parameters are esti- 
mates of the true parameters, not the 
true parameters themselves. 

2. The results hold only for that popu- 
lation of specimens from which the test 
specimens are a true random sample. 

3. The value of log ¢ calculated from 
the equation for a given stress is an 
average value. About half the measured 
values will be above this, about half 
below. 

4. The deviations of measured from 
calculated average values are assumed to 
be random and not a function of stress 
or time. Therefore scatter of points about 
the line is uniform. For example, the 
scatter at the high end of the line is no 
more and no less than at the low end. 

5. Calculations of confidence levels 
have been made using the Student’s / 
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distribution, which assumes that the 
above deviations for the entire popula- 
tion would fit a Gaussian or normal 
distribution, on a logarithmic time scale. 


In addition, the assumption is made 
that structurally there are no new or 
discontinuous phenomena occurring at 
times between the longest test time and 
the value for which extrapolation was 
made. 

Larson-Miller Plots—-A study has 
been made of Larson-Miller plots, some- 
times also called master rupture curves 
(8). These relate the three parameters: 
stress, temperature, and time on the 
basic assumption that the materials fol- 
low a time-temperature law of the form: 


«= le (1) 
where: 
€ = process rate, 
A = aconstant, 


Q = process activation energy, Fl 
R = gas constant, and 
T = absolute temperature. 

If the assumption is made that the 
process rate is a constant and A is prop- 
erly defined, then it can be shown that: 
T(C + log ¢.) = constant 

(2) 


(independent of stress) 


where: 

C = log A = another constant, and 

{- = time for completion of the process. 
Larson and Miller assert that C is also 

independent of stress and show curves of: 


log stress versus T(20 + log t) X 107%. . (2a) 


where: 
T = Rankine absolute temperature, 
¢ = time to rupture in hours, not the 


continuous variable time in time 
elongation studies, and 
C= 
C was found to be about 20 for several 
metals. In much of the literature C has 
been determined graphically. Stress-rup- 
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ture data are often presented in the form 
of such Larson-Miller plots and extra- 
polations quite often made from them. 
Such extrapolations rest on the assump- 
tion that the line which fits-the data in 
the known region can be extended and 
that the extension will continue to fit 
the data where none are readily available 
(for example, for different times or tem- 
peratures) and where checking the extra- 
polation is virtually impossible. In order 
for this assumption to be true it is very 
likely that: 

1. There are no sudden physical 
changes in the material during the time 
to rupture. This assumption is also made 
in log-log extrapolation. 

2. No physical changes occur in the 
material between one temperature level 
and another, represented in the data or 
used in the extrapolation. This assump- 
tion is unique with the Larson-Miller 
interpretation. 

The Larson-Miller analysis is chiefly 
of value in estimating rupture stress of 
the material at temperatures other than 
those represented by the data. Time and 
temperature extrapolations may be of 
doubtful value unless the above criteria 
are taken into account. The range of 
parameters covered in this paper for 
some materials is large enough to reduce 
materially the uncertainties in extrapo- 
lation, both as regards the form of the 
curve and the accuracy with which the 
curve itself is known. In general, how- 
ever, caution should be exercised in ap- 
plying Larson-Miller plots beyond the 
time and temperature range of the data. 

The authors have applied a “least 
squares” method to compute the param- 
eters for a Larson-Miller plot. The as- 
sumptions and main steps involved in 
the analysis are shown below. 

If the data satisfy the requirement 
that a Larson-Miller plot is a straight 
line (except for random scatter), then log 


= 


— 


| 


stress and 7(C + log ¢) X 10™ are re- 
lated by a linear equation: 


1 
log S = [T(C + log XK 10-4] + ~..(3) 


= slope of the line, 


= log S intercept, 


T(C + log t) X 10-* = abscissa (see 
Eq 2a), 

S = initial stress to cause rupture,® and 
= time to rupture (see Eq 2a). 


- 


(1 < k < N). Then a least squares solu- 
N 


tion requires that: >> ,(log/ — log &)? 
1 


be a minimum by varying A, nu, C. Stand- 
ard calculus methods result in three 
simultaneous linear equations involving 
sums of the functions of 7; , S;, and & . 
These are solved by methods suitable for 
calculating machines (9). Confidence 
limits for rupture time at any stress and 
temperature can then be established (10). 
The uncertainties (standard deviation) 
for A, wu, and C can also be calculated 
from the same data (10). 
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20000] 
10 
: 
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a 25 30 35 40 


T(208 + log,, t)x 1079 


Fic. 5.—Larson-Miller Type Plot for Ferritic Malleable Iron. Note use of 20.8 value for the con 
stant. Low-carbon malleable iron data at 800 F (groups A-1, G-1) are shown for comparison, but 
were not used in calculating the 20.8 value. Note also staggering of some points as in Fig. 3 to ac- 
commodate all the data. T = Temperature, deg Rankine ; ¢ = rupture time, hr. 


When the data are taken, temperature 
and stress are independent variables and 
time is the dependent variable. 

Solving Eq 3: 


1000 1000 
log t = 5) —C..(4) 


Let & , T,, and S;, be the values for 
the variables for the k” data point 


6 If there is reduction of area during the creep 
process, the stress will increase since the force 
- 48 constant. This is the initial value of the stress. 


The same five statistical conditions 
mentioned previously with the log-log 
analysis apply to the above Larson- 
Miller interpretation. In addition, the 
deviation, in assumption 4, is considered 
independent of temperature. In general 
these assumptions seem to be reasonably 
true, at least insofar as the results have 
been used. It should be noted that the 
uncertainty in both interpolated and 
extrapolated values can be calculated and 


is frequently larger than ‘expected. It is 


| 

i 
whe! 
| 
«, 


made of several parts: the uncertainty 
in estimating the parameters (A, uw, and 
C for Larson-Miller plots) and the nat- 
ural random spread in rupture time 
values under any one set of conditions. 
Employing this method, a value of C 
= 20.8 has been obtained from the com- 
bined data for high- and low-carbon 
ferritic malleable iron at 800, 1000, and 
1200 F. Values for low-carbon ferritic 
irons at 800 F have been omitted from 
this calculation because they are be- 


On Stress-RuptuRE PROPERTIES OF MALLEABLE IRON 


743 


(high-carbon ferritic) also furnishes good 
agreement with the log-log presentation 
of Fig. 3. The use of this constant should 
provide reasonably reliable results be- 
cause of the relatively large sample num- 
ber of 40 for this group. Where data 
groups exist for only two temperatures, 
over an insufficient range of time, or the 
data indicate association with distinctly 
altered characteristics of the material as 
for the low-carbon ferritic malleable iron 
at 800 F, the agreement with the log- 


4-Group E-1|,low carbon 


o-Group B-I,high carbon 800F 
= 
800 F 


Ferritic Malleable 


= 


[8009 psi 


Elongation in 2 in. 


000 psi 


lieved to be representative of a different 
material and thus do not satisfy the 
original criteria above for this analysis. 
Figure 5 shows a plot of log stress versus 
(20.8 + log X Calculated 
intercepts from these data for 1, 1000, 
10,000, and 100,000 hr at 800, 1000, and 
1200 F agree with those obtained from 
the log stress versus log rupture time 
diagrams. These are included in Table IT 
for comparison. 

Trial computations similar to those of 
Fig. 5 have been made for some of the 
other materials in Table II. Values of C 
range from 17 to 23.5. A Larson-Miller 

constant of 23.5 derived for group B-1 


6 


Fic. 6.—Time-Elongation Curves for Ferritic Malleable Iron at 800 F. 


log plots is generally poor. It is antici- 
pated that further studies of this nature 
will be published later in cases where 
the analytical methods can be applied. 
Because of the statistical uncertainties 
entering into the calculation, the Larson- 
Miller form of presentation has been 
made only for the one case in Table II 
and Fig. 5. Confidence limits derived 
from these calculations apply to un- 
certainties in the constants A, uw, and C, 
Eqs 3 and 4 above. For example, the 
90 per cent confidence limits for the 
value of C = 20.8 in Fig. 5 are 19.5 to 
22.2. The Larson-Miller extrapolations 
in Table IT (particularly to 100,000 hr) 
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.—Time-Elongation Curves for Low-Carbon Ferritic Malleable Iron at 1000 F and 6000 psi. 
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Fic. 8.—Time-Elongation Curves for Two Groups of Pearlitic Malleable Iron at 1000 F and 


10,000 psi. 


are subject to considerable uncertainty 
and are primarily for comparison with 
results published for other materials. 
The analytical methods employed here 
for reduction of log-log and Larson- 
Miller data and plotting of curves lave 
one distinct advantage over purely 


graphical methods. They can be applied 
with the conviction that false conclusions 
due to lack of knowledge of the uncer- 
tainties involved are unlikely. Statistical 
methods apply to small as well as to 
large groups of data. Generally, in the 
case of few data, the calculated uncer- 
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tainties in the results turn out to be 
rather large. These uncertainty calcula- 
tions and evaluation of confidence limits 
result from the computations with little 
additional effort. 

Naturally the uncertainties in extra- 
polated values are reduced as more data 
are obtained. This stresses the need for 


data in adequate quantities, which is | 


also borne out by the published work of 
Phillips and Sinnott (11). 


MEASUREMENTS 


_ Typical time-elongation curves for 
several groups of ferritic and pearlitic 
malleable irons appear in Figs. 6, 7, and 
8. These clearly exhibit the three stages 
frequently reported in the literature 
(12,13). In some of the curves the first 
stage is not fully drawn because of the 
time scale that would be required. The 
normally ductile behavior of both pearl- 
itic and ferritic malleable iron at all 
times and temperatures investigated is 
emphasized in these figures. No signifi- 
cant change in either elongation or re- 
duction of area with time has been ob- 
served. Variations with temperature 
occur as described (Figs. 1 and 2) for 
elevated temperature short-time tension 
tests reported earlier in the paper. The 
curves in Fig. 6 illustrate changes which 
occur in the shape of the time-elongation 
curve at different loads for two groups of 
ferritic specimens. Values obtained for 
the minimum creep rate (linear or second 
stage portion) vary from 0.0017 per cent 
per hr for long rupture times to 4 per 
cent per hr at the highest stress levels 
and short times for the various conditions 
included in this study. It should be noted 
in Fig. 6 that the long-time test at 25,000 
psi is from a different group than the 
other two curves shown. These two 
groups showed different-elongation val- 
ues at 800 F so that it is not to be con- 
cluded that any loss of ductility occurred 
in the longer time tests. 
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Figures 7 and 8 illustrate time-elonga- 
tion behavior at 1000 F for both ferritic 
and pearlitic material. The same general 
type of curve is obtained at all tempera- 
tures investigated and some generalized 
approximations appear warranted on the 
basis of these tests. Approximately 50 
per cent of the elongation occurs in the 
first two stages of creep, which frequently 
account for the useful life of a part in 
service. The third stage is generally so 
rapid that a part would not be useful 
under such conditions. This 50 per cent 
elongation generally occurs in approxi- 
mately 70 per cent of the time to failure. 
The latter time value ranges in these 
experiments from approximately 60 per 
cent at higher loads and temperatures to 
somewhat over 80 per cent for longer 
time tests. 

Extension measurements actually rep- 
resent the sum of elongation due to creep 
as well as that which might result from 
growth of the specimen such as might be 
caused by oxidation. Examination of 
microstructures and measurements on 
test specimens indicate that growth is 
not significant. 

The rapid elongation occurring in the 
third stage of creep is assumed to be 
caused by the increase in stress resulting 
from reduction of area because of the 
extremely ductile behavior exhibited by 
malleable iron. It has been pointed out 
by Parker (13) that the third stage por- 
tion can be obtained as the result of 
structural changes from materials ex- 
hibiting rather low elongation. This does 
not appear to be the case with either 
pearlitic or ferritic malleable iron. 

METALLOGRAPHY 

Extensive metallographic examination 
has been carried out on all specimens. 
Failed test specimens are sectioned both 
longitudinally and transversely in the 
area of fracture. Although it is difficult 
to be certain that differences observed 
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Fic. 9.—Transcrystalline Fracture of Low-Carbon Ferritic Malleable Iron (Group A-1). Speci- 
men failed after 475.4 hr at 800 F and initial stress of 35,000 psi. One per cent nital etchant (100). 


Fic. 10.—Transcrystalline Fracture of High-Carbon Ferritic Malleable Iron (Group B-1). This 
specimen failed after 868.0 hr at 800 F and initial stress of 17,000 psi. One per cent nital etchant 
(X 100). 
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Fic. 11.—Intercrystalline Fracture of High-Carbon Ferritic Malleable Iron (Group B-1). Speci- 
men failed after 128.3 hr at 1200 F and initial stress of 3600 psi. Etched in 1 per cent nital (100). 


Fic. 12.—Typical Original Structure of Pearlitic Malleable Iron (Group G-2). Etched in 1 per 
cent nital (500). 
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in photomicrographs are truly represent- 
ative, every effort has been made to 
show areas that are typical of results 
observed repeatedly on many specimens. 
For the sake of brevity only six photo- 
micrographs are included in this paper, 
but it is believed they adequately repre- 
sent some of the more important features 
observed in the study. A comparison of 
Figs. 9 and 10 illustrates the difference 
between one low-carbon ferritic malleable 
iron (group A-1), and high-carbon iron 
(group B-1). The higher carbon material 
shows more temper carbon nodules, 
which appear to be somewhat more finely 
dispersed than those in the low-carbon 
specimen. The high-carbon nodules also 
appear more irregular (or “‘sprawly’’). 
Both materials at 800 F show consider- 
able distortion in the vicinity of the 
fracture. The fracture surface is shown 
at one side of each photomicrograph. 
Figure 11 shows a high-carbon speci- 
men (group B-1) after failure at 1200 F. 
In this case, failure occurs typically in 
the ferrite grain boundaries. Little or no 
distortion of the ferrite grains and tem- 
per carbon nodules is observed compared 
to failures at 800 F (Figs. 9 and 10). 
The fractured surface in Fig. 11 also 
shows what is apparently a layer of iron 
oxide resulting from exposure at the high 
temperature after failure. The observa- 
tion that failure shifts from transcrystal- 
line to intercrystalline with increasing 
temperature agrees with early observa- 
tions by Rosenhain and Ewen (14), Beilby 
(15), and Jeffries (16). Jeffries employed 
the term “equi-cohesive”’ temperature 
to describe that temperature at which 
the grain strength and grain boundary 
strength are equal, and failure can occur 
in either or both areas. Extensive obser- 
vations indicate that change of failure 
from grains to grain boundaries occurs 
over a range of temperatures approxi- 
mately from 800 to 1000 F for the mal- 
leable irons studied. Although differences 
in structure are apparent between the 
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high- and low-carbon ferritic malleable 
irons, no explanation is apparent at the 
moment for the marked difference in 
performance at 800 F. 

Figures 12 and 13 show typical struc- 
tures prior to exposure at high tempera- 
ture for two pearlitic malleable irons 
(groups E-2 and G-2) employed in this 
investigation. It should be emphasized 
that some differences exist between and 
within specimens of a given group so 
that photomicrographs shown can only 
be considered as typical. Both materials 
contain temper carbon nodules, carbides 
with varying degrees of spheroidization 
and gray manganese sulfide inclusions. 
Data from both groups are included in 
Fig. 4. 

It is difficult to determine the extent 
of graphitization, if any, occurring during 
prolonged exposure to elevated tempera- 
tures. Depending upon what particular 
specimen and areas are selected, quite 
different conclusions may be drawn. It is 
believed, however, that the typical area 
of an E-2 specimen exposed to 1000 F at 
10,000 psi for 754.4 hr indicates the ex- 
tent of graphitization is quite small. 
Comparison of Fig. 14 with Fig. 13 shows 
very similar amounts of the carbide 
phase. Depletion of carbide around the 
graphite in Fig. 13, of course, results 
from the method of manufacture rather 
than test conditions, since this is the 
structure of a specimen prior to testing. 


CONCLUSIONS 


1. These measurements with ferritic 
and pearlitic malleable irons of standard 
composition yielded data which make it 
possible to estimate levels of stress ap- 
plicable at high temperatures. 

2. Data on the ferritic materials at 
800 and 1000 F are regarded as sufficient 
in quantity for determination by statis- 
tical methods of loads carried in engi- 
neering applications. 

3. There appears to be a distinct sep- 
aration in performance at 800 F exhibited 


>) 


by low-carbon ferritic malleable iron, 
which is considerably superior in load 
capacity at this temperature to high- 
carbon material. 

4. Metallographic examination at 
standard magnifications with conven- 
tional methods yields no information 
bearing upon the above difference in be- 
havior. It is possible that contemplated 
studies with the electron microscope will 
produce important clues. 

5. The high- and low-carbon ferritic 
malleable irons studied are indistinguish- 
able in performance at 1000 and 1200 F. 

6. The data on ferritic malleable iron 
at 1200 F indicate that satisfactory load 
capacity exists for extended periods of 
time. Steps are being taken to extend 
the range of data at this temperature so 
that specification load values can be 
achieved. 

7. The data on pearlitic malleable 
irons indicate, for some grades, a high 
load capacity at 800 and 1000 F, some- 
what greater than for the ferritic malle- 
able irons. 

8. Metallographic examination reveals 
no significant changes in structure or 
character of the pearlitic malleable irons 
thus far tested for ranges of time over 
2300 hr. Graphitization may occur with 
some grades, depending upon the anal- 
ysis of the iron and the processing meth- 
ods employed. This is currently being 
investigated further. 

9. Data for all the irons tested thus 
far, both ferritic and pearlitic, yield 
no evidence of fundamental ‘changes 
in structure or physical characteristics. 
This is substantiated both through 
metallurgical examination and the fact 
that various plots of the data including 
log-log and Larson-Miller presentations 
show no evidence of’breaks in the curves 
at the longest times. 

10. It is believed that extrapolations 
based upon least squares calculations for 
the log-log plots of the data constitute a 
reliable index of the average performance 
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to be expected from commercial malle- 
able irons. Larson-Miller plots are par- 
ticularly useful for predicting or inter- 
polating to obtain the performance of 
the material at other than test tempera- 
tures. Extreme caution should be applied 
in using Larson-Miller plots for extra- 
polating beyond the times and tempera- 
ture covered by the data. 


It is evident that considerable addi- 
tional work is needed in order to com- 
plete the picture of the performance of 
malleable irons at elevated temperatures, 
This is currently proceeding with a study 
of pearlitic irons and will be extended 
as soon as practicable to include alloy 
malleable irons. It should be emphasized 
that all of the data presented in this 
paper are concerned with ferritic and 
pearlitic malleable irons representative 
of current foundry methods and produc- 
tion. 
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temperatures. Perhaps we will have to 
look at some of the other properties and 
considerations which encouraged the en- 
gineers to make the rules and codes which 
govern constructions using malleable 
iron. In the ASME Boiler Code,’ for 


2 ASME Boiler Code, Am. Soc. Mechanical 


(9 


— 


‘ 
"he 
751 
L 
a! 
] 


instance, until a very few years ago none 
of the cast irons—gray iron or malleable 
—were permitted for use at any higher 
temperature than 450 F. Then came a 
movement to extend the temperature 
usage and on the basis of heat treatment 
the range was extended to 650 F for gray 
irons of balanced composition. The safety 
factor of 10 to 1 on a basis of the mini- 
mum specified tensile strength is still 
retained, however, for all the gray irons. 
However, in the case of malleable iron, 
the limitation still stands at 450 F pro- 
vided 18 per cent elongation is met, and 
in effect the safety factor required is 
almost as great as that for gray iron. 
More recently the code committee has 
been asked to recognize the nodular cast 
irons, in which case the limiting tempera- 
ture is still 650 F but on a basis of 5 to 
1 safety factor on minimum specified 
tensile strength. 

It would certainly appear from the 
information now before us that at least 
as good a basis of stress rating as has 
been accorded to the nodular irons ought 
to be.considered for malleable irons. 

Mr. L. C. MARSHALL (author).—I feel 
that the data given here for the ferritic 
and malleable irons will stand up under 
rather close scrutiny and can be used for 
engineering calculations and applications. 
The data on pearlitic irons are going 
ahead, also data are being gathered on 
alloy types pearlitic malleable iron 
and will be presented in future publica- 
tions. In general we feel these malleable 
irons reported compare very favorably 
with other cast ferrous materials that 
are currently available for design pur- 
poses. 

Mr. D. V. Doane.*—It is encouraging 
to see the results of the Malleable Found- 
er’s Society experimental program on 
elevated temperature properties of mal- 
leable iron. The application of statistical 

3 Metallurgical Supervisor, Climax Molyb- 
denum Company of Michigan, Detroit, Mich. 
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methods to the analysis of stress-rupture 
results should hasten the establishment 
of industry design standards for the use 
of malleable iron at elevated tempera- 
tures. 

The writer would like to comment 
specifically with regard to the comparison 
of the data in the paper with the data 
obtained by his co-workers, Reference 5 
of the paper. The statement is made in 
the paper that “the pearlitic irons in 
this study appear equal to the alloyed 
high-carbon materials containing as 
much as 0.5 per cent molybdenum, which 
had been added to enhance the character- 
istics by stabilizing the carbide phase.” 
This writer would like to call attention 
to the fact that the authors’ irons were 
tested in the arrested anneal condition 
(pearlitic matrix) while the writer’s irons 
were tested in the “stabilized” condition 
(essentially a ferritic matrix). The only 
valid comparison exists between the 
authors’ “high-carbon ferritic iron,” 
Group B-1, and the writer’s “stabilized” 
base iron (unalloyed) and this compari- 
son is very favorable, as the authors 
infer. 

Examination of Fig. 14 of the authors’ 
paper reveals considerable stability of 
the carbide phase of the low-carbon 
pearlitic malleable iron after exposure, 
under stress, for 746 hr at 1000 F. Sta- 
bility studies by the writer of high-carbon 
pearlitic malleable iron indicated almost 
complete absence of the carbide phase 
after 1000 hr exposure at 1000 F under 
no stress. This may be additional evi- 
dence of the advantage of lower carbon 
contents in malleable iron, to which the 
authors allude. 

The writer was interested in conclusion 
8 of the paper. A complete study of the 
structural stability of pearlitic malleable 
iron is needed, and the authors indicate 
such a study is in progress. We will be 
interested in reviewing the results of this 
study. 


I 


It has been reported that the alu- 
minum - aluminum oxide alloys show a 
drop in hardness when heated close to 
the melting point. Since such a change in 
hardness might be due to recrystalliza- 
tion, a phenomenon not observed in the 
past for the higher oxide alloys (greater 
than about 6 per cent), a study was 
undertaken to observe the changes in 
properties that might take place when 
such alloys are heated near the melting 
point. Furthermore, additional knowl- 
edge regarding the structural stability of 
such alloys would aid in the design of 
analogous alloys in other systems and by 
other techniques. 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Formerly Research Assistant, Massachu- 
setts Institute of Technology; now Technical 
Liaison Office, Headquarters U. S. Air Forces 
in Europe, Wiesbaden (Germany). 

2 Formerly Student, Massachusetts Institute 
of Technology; now Metallurgist, Jones & 
Laughlin Steel Co., Pittsburgh, Pa. 

3 Professor, Department of Metallurgy, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
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TEMPERATURE AND TIME STABILITY OF M257 AND SAP 
ALUMINUM - ALUMINUM OXIDE ALLOYS* a ars 
W. S. Cremens,' E. A. Bryan,? anp N. J. Grant? 
= SyNopsIs 
7 The 6 to 8 per cent Al;O3 (M257) alloy and the 10 to 14 per cent Al,O; (SAP) o 
7 alloy in the system Al-Al,O3 were cold worked up to 66 and 29 per cent, re- = 
spectively, after which they were annealed for various periods of time near wy, 
7 the melting point. The effect of cold work, annealing time, and temperature 24 
on the resultant tensile, yield, and ductility values are reported, and the effect ia 
7 on the 600 F stress rupture properties were examined. 7 


MATERIALS 

The Aluminum Company of America 
provided samples of its M257 sheet 
material, which contains 6 to 8 weight 
per cent oxide. Three conditions of 
working were represented: hot rolled, 
29 per cent cold rolled, and 60 per cent 
cold rolled. The hot rolling had been 
done at 800 to 850 F with reheating for 
each pass. 

The Société Anonyme pour |’Industrie 
de l’Aluminium, of Switzerland, supplied 
samples of a grade of SAP that contains 
10 to 14 weight per cent oxide, in the hot 
rolled conditioned. Hot-rolled M257 and 
SAP strips were cold rolled to give 
additional reduction steps as indicated 
below: 


M257 SAP 
Contains, Thickness, "| Thickness, 
worked in. worked ee 
0.125 0.158 
0.063 0.140 
0.125 
0.042 
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Edge cracks appeared in M257 with 66 


per cent reduction and in SAP with 27 
per cent reduction, but it was found that 
66 per cent cold-worked M257 strips and 
29 per cent cold-worked SAP strips 
would yield crack-free tension specimens 
Since most of the strips were seriously 
bent, the M257 strips were heated to 
about 300 F for 10 min and the SAP 


strips to 400F for 15 min for hot 
straightening. 
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direction to study the transverse proper- 
ties. At first the specimens were of the 
0.50-in. wide by 2.25-in. long gage sec- 
tion, but because of a shortage of 
material and a blistering problem which 
arose, smaller specimens were substituted 
(0.160-in. wide by 1.25-in. long gage 
section). In spite of the blistering, the 
interpretation of the data was not too 
greatly hampered. While the change in 
dimensions of the test specimen caused a 
variation in elongation values, the yield 


TABLE I.—HARDNESS (ROCKWELL F SCALE) OF M257 AS A FUNCTION 
OF ANNEALING TIME AND TEMPERATURE. 


As a means of selecting the highest 
possible exposure temperatures for the 
studies of structure and property stabil- 
ity, preliminary hardness measurements 
were used. Specimens about 0.50 in. 
square were cut and then sealed under 
vacuum in Vycor tubes. Specimens were 
held at the temperatures for time periods 
shown in Tables I and II. The Rockwell 
F scale was used. 

Tension test specimens were cut 
parallel to the rolling axis, except for a 
few which were cut across the rolling 


7 best eo At 1140 F At 1180 F At 1200 F At 1210 F 
Cold Work | Hard 
Time, hr | Hardness | Time, hr | Hardness | Time, hr | Hardness | Time, hr | Hardness 
Se 77 2 7 2 75 3 70 
20 71.5 19 69 50 66 
51 69 65 69 
118 69 202 71 
wie 18 73 17 60 
49 75 26 53 
ai 170 69 46 47 
76 2 71 
17 66 
26 66 
47 
97 
71 2 71 
17 
26 57 
47 61 
97 59 
EXPERIMENTAL PROCEDURE 
TABLE II.—HARDNESS (ROCKWELL 


F SCALE) OF SAP AS A FUNCTION OF 
ANNEALING TIME AND TEMPERATURE. 


Po At 1140 F At 1180 F 
Cold work | Hard- Time, | Hard- | Time, | Hard- 
ae hr ness hr ness 
re 87 2 0.5 30 
ree 20 86 21 0 
<i 51 83 66 0 
86 0.5 30 
23 0 
84 


= 
\ 
if 
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Us _ TABLE III.—ROOM TEMPERATURE PROPERTIES OF M257 SHEET. 
Annealing Time at 1200 F 
Reported by Alcoa, As-Rolled 
2bre | 49hr 100hr | 154hr 
Longitudinal 
Tensile strength, psi.......| 37 000 | 38 000 | 36 000 | 36 000 ite 35 000 Say . 
Yield stress, 0.2 per cent....| 29 000 | ... 25000, ... 22 000 
Elongation, per cent........ 14 20 29 16 
Transversal 
Tensile strength, psi........ 39 000 31 000, 37 000 
Yield stress, per cent....... 21 000 24 000 
Elongation, per cent........) ... 14 5 14 
29 Per Cent Cotp Work 
Longitudinal | | 
Tensile strength, psi........ 43 000 | 42 000 | 43 000 | 37 000 | 37 000 | 36 000 | 34 200 
Yield stress, per cent....... 37 000 te 28 000 | . 25 000 er 
Elongation, per cent........ 8 6 15 12 33 14 12.5 
Transversal 
Tensile strength, psi........ oe 44000... 35 000 ee 37 000 
Yield stress, per cent....... pee = 24 000 nase 26 000 
Elongation, per cent........ 8 | 6 12 
49 Per Cent Cotp Work 
Longitudinal 
Tensile strength, psi........ 44 000 36 700 
Elongation, per cent........ 1l 20 
60 Per Cent Cotp Work 
Longitudinal 
Tensile strength, psi........ 44 000 44 000 | 44 000 | 37 000 | 38 100 | 35 000 | 36 400 
Yield stress, per cent....... 36 000 30 000 26 000 
Elongation, per cent........ 8 6 10 | 6 23 10 22 
Transversal 
Tensile strength, psi........ apie 45 000 | 43 000 | 34 000 | 38 000 | 36 000 
Yield stress, per cent....... 24 000 26 000 
Elongation, per cent........|  ... 8 11 4 19.5 14 
66 Per Cent Cotp Work 
Longitudinal 
Tensile strength, psi........ er 37 700 34 400 
Yield stress, per cent....... 37 000 
Elongation, per cent........ 13 25 13 
66 Per Cent Cotp Work 
Annealing Time at 1180 F 
b 63 hr 154 hr 
Longitudinal 
Tensile strength, psi...... - 36 500 | 35 000 
Yield stress, per cent....... 27 600 
Elongation, per cent........ | 19.0 19.0 
@ Data in boldface were obtained on 2 in. gage length specimens; other data was obtained on 1- 
in. gage length specimens. 
Severe blisters. 


? 


and tensile values were not affected. The 
tensile data are reported in Tables III 
and IV. All test data obtained on the 
larger specimens are underlined in Table 
The tension and _ stress-rupture 
specimens were not vacuum encapsulated 
for the temperature exposure tests. All 
tension tests were performed at room 
temperature. 

Stress-rupture tests were made at 
constant load, at 600 F, on the two 
allovs in the following conditions: 
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M257 (60 per cent cold worked), as cold 
worked, 

M257, (60 per cent cold worked), after 137 hr 
at 1200 F, 

SAP (20 per cent cold worked), as cold 
worked, 

SAP (20 per cent cold worked), after 23 hr 
at 1180 F. 


The standard stress-rupture test unit 
was used with universal joints outside of 
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to a laminated, irregular fracture and by 
a drop and scatter in hardness values. 
Although most pronounced near the 
surface, they occur throughout the sheet 
thickness. The blisters were probably 
caused by gas adsorbed on or occluded 
by the original aluminum powder. Anal- 
yses for hydrogen showed the following: 


Hydrogen 

Content, 
ppm 
SAP (0 per cent cold worked)........ 61 
M257 (0 per cent cold worked)...... 45 
SAP (20 per cent cold worked)....... 38 
M257 (66 per cent cold worked). .... 38 


These high hydrogen values are prob- 
ably sufficient to explain the blisters. 
The lower hydrogen content of the cold- 
worked materials doubtless results from 
the heating they received prior to 


TABLE IV.—ROOM TEMPERATURE TENSILE PROPERTIES OF SAP 29 PER 
CENT COLD WORKED. LONGITUDINAL SPECIMENS, 1-IN. GAGE 


LENGTH. 
Annealing Time 
1.5 hr 23 hr 66 hr 170 hr 

Tensile strength, psi................. 52 800 41 000 39 000 38 300 35 600 
Yield strength, 0.2 per cent.......... 38 400 ‘ 33 400 32 700 is 
Elongation, per cent................. 12.5 4.0 19.5 19.5 6.5 


* SAP specimens were severely blistered at 1180 and 1200 F. 


the hot zone to assure uniaxial loading. 
Specimens used were 0.160 in. wide by 
1.25 in. gage. Stress-rupture results are 
plotted in Fig. 4. 


RESULTS AND DISCUSSION 


The blisters were observed on anneal- 
ing SAP above 1150F and on M257 
above 1200 F. The blisters ranged from 
pinpoint size to 15 to 20 mm in diameter 
in the several severe cases, and had 
blackened interior surfaces. Their occur- 
rence is accompanied by a change from 
45 deg shear, in sheet tension specimens, 


80 
23 
Hardness 
3 7 
c > > 
50}- 
Read Tensile Strength 
30 +30 
20 too 
10 ° Read 410 


ie) 
ce) 10 20 30 40 S50 60 70 80 
Per Cent Cold Work 


Fic. 1.—Change in Tensile Properties of 
M257 With Increasing Cold Work. 


| 
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60 000 — T T T T T 


55 000 4 2-in. Gage Length 
© |-in. Gage Length 
50.000 86% Cold Worked 60% 
45000 60% Cold Worked ; ‘ Cold Worked— 
29% Cold Worked - 29 % 
40000 id Work 
0% Cold Worked Tensile Strength [= Worked _| 


(0.2%) 
Yield Strength 


60% Cold Worked, 


As Hot 
Rolled 


29% Cold Worked 
20000 cold Worked 


29% Cold Worked (1 in.) 
60% Cold Worked (1in.) a 
66% Cold Worked (1in.) 


As Hot Rolled (2 in)=2 
29% Cold Worked (2 in.) 
60% Cold Worked (2in.) | | 


120 140 160 


am... hr 


_ Fic. 2.—Change in Room Temperature Properties of Cold-Worked M257 with Annealing Time 
at 1200 F. Longitudinal specimens. Bars indicate as hot-rolled values. 


60000 T T T 
O———O SAP, 29% Cold Worked 
50000 M-257, 66% Cold Worked 
40000 Tensile Strength 
30000 }- 0.2% Yield Strength 


=e 
Elongation 
| 


80 100 120 140 
Annealing Time, hr 


Fic. 3.—Change in Room Temperature Properties of Cold-Worked SAP and M257 with Annealing 
Time at 1180 F. Longitudinal specimens, 1-in. gage length. 


straightening. It is possible that the in yield strength, while elongation falls 
blisters could be minimized or even to about half of its original value. 
eliminated by annealing in an inert gas, Further reduction has no significant 
or in vacuum. effect on properties. 

M257.—The effect of cold work on In Fig. 1, only data for longitudinal 
the tensile properties of 257 is shown _ specimens are plotted. Table III shows 
in Fig. 1. Cold rolling to a 29 per cent that there is little difference between 
reduction gives a 16 per cent increase in longitudinal and transverse specimens in 
tensile oie and a 28 }per cent increase _ the as-rolled sheet prior to heating. 


+ 
30000 
5c 
30 
5 
an 10000 Rolled 
M-257 10 | 


The hardness data of Table I show 
that the increase in hardness due to cold 
rolling can be annealed out at 1140 F, 
and possibly lower, but the hardness 
does not fall below the hot-rolled value 
until a temperature of 1200 F is exceeded 
and blisters appear. 

Figure 2 shows the effect of static- 
annealing time at 1200 F on the room 
temperature tensile properties of M257. 
Within 50 hr, gains in tensile strength 
due to cold working have been annealed 
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Beyond about 120 hr, the 1-in. specimens 
show values that are less than for the 
as-hot-rolled specimens. The 2-in. speci- 
mens show slight recovery out to 100 hr, 
that of the 29 per cent cold-worked 
specimens approaching the as-hot-rolled 
value. 

Conversely, it may be seen in Table 
III that transverse elongation values 
appear to go through a minimum value. 
This may be due to anisotropy intro- 
duced by incipient melting or blister 


17000 as Extruded 
16000 
15000 


14000 


Stress, psi 


13000 


7 ] TT TTT MEL 
20000 ~ 
19 OOOF- SAP, 20% Cold Worked, No Anneol — 


SAP, 20% Cold 23 hr at 


peas 


SAP, as Extruded 


0.01 


Life, 


100 1000 


Fic. 4.—Stress-Rupture Results at 600 F for SAP and M257. 


out, but after an additional 100 hr, all 
the tensile strength values are still within 
7 per cent of the hot-rolled value. Yield 
strength values, however, fall signifi- 
cantly below the hot-rolled value. In this 
connection, it should be noted that some 
slight blistering was observed on the 
specimens held for 22 and 100 hr at 1200 
F, and the yield strength values may be 
showing the effect of the blisters. 
Elongation data in Fig. 2 show that 
there is a recovery with annealing time 
at 1200 F out to about 100 hr. In fact, 
the 1-in. gage length specimens show a 
maximum for the 49 hr treatment. 


formation. In Fig. 3, changes in tensile 
strength and elongation of 66 per cent 
cold-worked M257 with annealing time 
at 1180 F are shown. At this somewhat 
lower temperature, both the tensile 
properties and elongation reach the hot- 
rolled values in about 60 hr and level off. 

SAP.—In Fig. 3 are plotted also the 
changes in properties of the 29 per cent 
cold-worked SAP as a function of anneal- 
ing time at 1180 F. At that temperature 
severe blistering occurs in SAP and 
tensile strength is observed to drop 
sharply. Since elongation is sensitive to 
the presence of blisters in the gage length, 


_60% Cold Worked 
No Anneal 
~ | M-257, 
137 hr at 1200 F 
» 
12000 * 
1 


the curve is drawn dotted. Additional 
points would be expected to give a wide 
scatter band. Table II shows that hard- 
ness drops sharply with as little as } hr 
at 1180 F, while at 1140 F hardness 
falls only to the hot-rolled value. It was 
determined that blisters first become 
visible at 1155 F, and it is suspected that 
that temperature may also mark the 
solidus for the SAP alloy. 

Stress-Ruplure—Data obtained at 
600 F are plotted in Fig. 4. M257 (60 
per cent cold worked) and SAP (20 per 
cent cold worked) were tested both as 
cold rolled and after the annealing treat- 
ments noted on the plot, and are com- 
pared to the curves for M257 and SAP in 
the as-extruded condition (bar stock). 
The 20 per cent cold work for SAP 
results in no change over as-extruded 
SAP tested at 600 F. The large decrease 
in strength due to the 1180 F anneal is 
due entirely to the blistering reaction. 
Alloy M257 shows a gain in strength 
with 60 per cent cold work over the 
as-extruded product. The remarkable 
stability of this alloy is noted by the 
maintenance of the high-temperature 
strength after an annealing treatment of 
137 hr at 1200 F after the 60 per cent 
cold-work treatment. While the anneal- 
ing treatment resulted primarily in a 
change of slope of the curve, this change 
is within experimental limits in view of 
the use of only 3 test points. 


CONCLUSIONS 


Only slight increases in hardness of 
M257 and SAP sheet were obtained with 
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large amounts of cold rolling. These 
increases can be annealed out at 1140 F, 
and possibly at lower temperatures, but 
hardness falls only to the hot-rolled 
value for any temperature below that at 
which “blisters” appear. 

“Blisters” were observed to form in 
SAP at 1155 F and in M257 at 1205 to 
1215 F. They are attributed to gas 
evolution near the solidus temperature. 
An inert gas or vacuum annealing treat- 
ment is suggested as a method of elim- 
inating the blistering. 

It was shown for M257 that moderate 
increases in tensile and yield strength 
can be obtained with cold rolling, but 
as the hardness increases, they are 
annealed out at high temperatures with- 
out a significant loss of strength or 
ductility, unless blistering occurs. 

The small effect of a 137 hr anneal at 
1200 F upon the 600F stress-rupture 
strength of M257, cold-worked 60 per 
cent, is a striking indication of the 
structural stability of the aluminum - 
aluminum oxide materials and of their 
resistance to structural change or prop- 
erty alteration. 
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CHAIRMAN H. C. Cross.'—Do I under- 
stand on the basis of the limited results 
to date that the authors would not 
recommend getting an improvement in 
rupture strength at 600 F by cold work- 
ing of these particular materials? The 
curve differences are considered to be due 
to scatter, but on an extended scale 
there is really no difference between 
properties of the extruded and the cold 
worked M-257. 

Mr. OLIveR PReEstTON® (for the au- 
thors) —Mechanical testing experience 
with this class of alloys would indicate 
that the stress rupture curves for the 
extruded and the cold-worked M-257 
‘conditions are the same within experi- 
mental error limits. 

CHAIRMAN Cross.—This leads to the 


! Assistant Technical Coordination Director, 
Battelle Memorial Institute, Columbus, Ohio. 

2? Research Assistant, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 


next question: The longest point on this 
curve for M-257 at 60 per cent cold 
work, no annealing, is a rupture life of 
about 6 hr. Six hours at 600 F is not a 
very long time. I wonder whether the 
authors have any later results at a longer 
rupture time than the maximum here of 
around 10 hr to see if there is any differ- 
ence in slope of the cold-worked curve as 
compared with the extruded curve. 

Mr. Preston.—No, longer-time tests 
were not run, primarily because the 
long-time exposure tests of the cold- 
worked alloys just below the melting 
temperature did not produce a change in 
hardness or in tensile properties (com- 
pared to the extruded condition). For 
this reason, when the relatively short- 
time stress rupture tests showed similar 
slopes and test values at the much lower 
temperature of 600 F, it could be as- 
sumed with safety that these alloys 
would be stable even in long-time tests. 


THE EFFECT OF ATMOSPHERE ON CREEP-RUPTURE PROPERTIES OF 
A NICKEL-CHROMIUM-ALUMINUM ALLOY* aah 


is 

d 

of 

a SyYNopsIs 

e ‘pe 

r < The role of ductility in the effect of environment on creep and rupture prop- 5 = 

of 7 erties was investigated employing a 76 per cent nickel, 19 per cent chromium, ;: «+ Me 

and 4 per cent aluminum alloy. Creep-rupture tests were conducted primarily 

“ : in air and in vacuum at 1300, 1500, and 1900 F. . 

: 7 It was found that at low temperatures and high stresses time-to-rupture was 7 a 

longer in vacuum than in air, but at high temperatures and low stresses the 7 

IS reverse was true. Generally conventional minimum creep rates were unaffected a 

le by environment. An unusual creep curve was obtained in air at the higher 7 

1- ; temperatures, due apparently to oxidation, showing markedly greater than 

g : : expected rupture time and ductility. The influence of atmosphere was related to 

n a the mode of crack formation in this relatively brittle material and can be ex- ; 

plained by previously advanced mechanisms. 

{- > 

r In previous investigations (1,2)? it was aluminum alloy to determine the role : 

r shown that the influence of environment of ductility and because it has possi- 

:. on creep and rupture properties of bilities as a cladding material for refrac- 

S nickel and a nickel-chromium alloy de- tory metals. Furthermore, this ternary 

7 pended upon temperature, strain rate, alloy serves as a base for many of the 
and oxidation resistance of the material. leading, more complex, high-temperature 
At high strain rates and low temperatures alloys, and therefore, the manner in i 


the metals were stronger in vacuum than’ which its properties are affected by test 
in air while the reverse was true at low atmosphere may be used as a guide to 
strain rates and high temperatures. predict the behavior of commercial 


That ductility may also be an important alloys. ; 
factor was indicated in studies on a aa 
notched material of low ductility (3). EXPERIMENTAL PROCEDURE 


This investigation was conducted 


The chemical composition of the alu- 
with a relatively brittle nickel-chromium- 


minum-modified nickel-chromium alloy 
* This paper was presented at the Sixty- Was aS follows: 19.1 per cent chromium, 

ap ge gy Meeting of the Society, June 3.60 per cent aluminum, 1.7 per cent 

22-27, 1958. : 
1U. S. Naval Research Laboratory, Metal- silicon, 0.54 per cent iron, 0.10 per cent 

lurgy Division, Washington, D. C. manganese, 0.027 per cent carbon, 0.004 : 
2 The boldface numbers in parentheses refer per cent sulfur, and the balance nickel. 

to the list of references appended to this paper, 

eee p. 772. Sheet test specimens of 0.500-in. width 


. 
q 


and 1.25-in. gage length were machined 
from 0.033-in. thick strip material; the 
surface oxide was removed by polishing. 
Prior to testing, the specimens were given 
an anneal in vacuum at 2000 F for 2 hr 
which resulted in an average grain diame- 
ter of 0.036 mm. The treatment left the 
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and of nitrogen. In addition, interrupted 
tests were run in order to examine 
microstructural changes during creep. 
The specimens were loaded in approxi- 
mately 1 hr after reaching the desired 
temperature which was maintained to 
within +2 F during the test. Extension 


| 40000 | “Air 
| A 
20000} 
10 
8 000} — ; — 
6 000}——— + | 
. 1900F 
4000} ——+ + 
Vacuum 
2000 
1.0 10 100 1000 


Time to Rupture , hr 
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material in a brittle condition; large 
amounts of the Ni;Al, 7’ phase, which 
is described by Taylor and Floyd (3), were 
in the grain boundaries. 

Creep-rupture tests were conducted 
at several stress levels at 1300, 1500, and 
1900 F primarily Mm air and in vacuum 
ranging from 1 X 10-* mm of mercury 
at the lowest temperature to 2 
at the highest. Several tests were also 
run in stagnant atmospheres of oxygen 


Variation of Rupture Time with Stress in Air and in Vacuum at 1300, 1500, and 1900 F. 


of the specimen was measured with a 
dial gage attached to the upper pull rod 
outside of the atmosphere chamber. 
Elongation-at-fracture values were deter- 
mined from gage marks scribed on the 
specimen. Additional details regarding 
the test equipment and procedure may 
be found in a previous publication (4). 

Coupons of the alloy quenched from 
the test temperature revealed that, al- 
though the microstructure was un- 


cl 
1! 
al 
al 
d 
‘ 
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changed at the lower temperatures, at 
1900 F a large portion of y’ phase had 
gone into solution. Metallographic ex- 
amination was also made of the fractured 
and interrupted test specimens. No evi- 
dence of grain growth during the tests 
were observed. Determinations of oxygen 


stress (on a log-log basis) in Fig. 1. It 
can be seen that rupture time may be 
longer in either air or vacuum depending 
on the test temperature and stress level. 
At 1300 F, rupture times were longer in 
vacuum while at 1900F they were 
longer in air. Although a reversal point 
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Fic. 2.—Variation of Minimum Creep Rate with Stress in Air and in Vacuum at 1300, 1500, 


and 1900 F. 


and nitrogen contents by the vacuum 
fusion method were made on the original 
material and some of the fractured 
specimens. 

Test 


Creep-Rupture Data: 


The time-to-rupture data for both 
air and vacuum tests are plotted versus 


(4, 


I 10 100 


was observed only at 1500 F, the possi- 
bility of reversal points at the other two 
temperatures is indicated by extrapola- 
tion of the curves. The data of Fig. 1 
may be divided into two areas; these will 
be referred to as the air-strengthened 
and air-weakened regions. In general, 
the data points for high temperatures and 
low stresses are located in the air- 
strengthened region while at low tem- 
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peratures and high stresses they are in 
the air-weakened region. 

A prominent feature of the curves is 
the break or abrupt change in slope of 
the air curves at 1500 and 1900 F which 
is not present in the vacuum curves. 
At the higher temperature the break 
occurred at a shorter time. Evidently, 
the change in slope is associated with a 
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data do not represent steady-state, 
second-stage creep because of the unusual 
shape of the creep curves for these 
specimens. At 1300 F, even though creep 
rates at several stress levels appear to 
be lower in vacuum, the greater amount 
of scatter in creep rates at this low 
temperature makes this feature un- 
certain. 


At 1300 F All 


Elongations Were 


2 per cent Or Less 


1500 F 


20 1900 Vacuum _ Air 
1500 F Vacuum 
Ol | 10 100 1000 
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1900 F. 


marked strengthening in air, which 
prolongs the time to rupture considerably 
beyond that expected from extrapola- 
tion of short-time data. For example, at 
1500 F, the rupture time in air at 8000 
psi was 1228 hr while it was 83 hr in 
vacuum (Fig. 5). 

While the rupture times in air and 
vacuum are different, the minimum 
creep rates appear.to be relatively un- 
affected by environment but with several 
exceptions, as shown in Fig. 2. Although 
the creep rates for the low stress tests at 
1900 F are shown to be lower in air, the 


_- Fic. 3.—Variation of Total Elongation with Rupture Time in Air and in Vacuum at 1500 and 


Elongations-at-fracture were low, 4 
per cent or less, at 1300 F and at 1500 F 
except for the long-time air specimens 
which produced high values that in- 
creased with increasing rupture time 
(Fig. 3). The high elongations were 
obtained for those specimens whose data 
points lie to the right of the break in the 
rupture time curve (Fig. 1). At 1900 F 
with increasing rupture times, elongation 
decreased in vacuum but markedly 
increased in air, yielding a value of 127 


hr. 


per cent for a rupture time of 143.8 q 
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Creep Curves: 

These differences in properties of 
specimens tested in air and vacuum 
must occur as a result of differences in the 
creep process in the two environments. 
Therefore, examination of relative 
changes in the creep curves should 
provide information on the operating 
mechanisms and lead to. explanations for 
the observed behavior. For this purpose, 
comparisons were made of the curves, 
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in both environments also progressed at 
nearly the same rate until shortly prior 
to fracture at which time the specimen 
in vacuum began to creep slightly faster. 
Except when the rupture times were 
relatively short, the specimen in air, 
instead of rupturing in the usual third 
stage of creep, entered a fourth stage of 
decelerating creep (Fig. 5). The resultant 
effect was a marked increase in ductility 
and rupture time and termination in an 


(a) 
| | 1300 F 
40 000 psi 30 000 psi 
0.032 | Z| 
| 
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Air 
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Fic. 4.—Typical Creep Curves of the Air-Weakened Region. 


which were found to be of the general 
types shown in Figs. 4 and 5. 

In the air-weakened region, specimens 
in both environments generally crept at 
approximately the same rate until the 
third stage of creep at which time the air 
specimens began creeping faster, and 
subsequently failed sooner (Fig. 4(a)). 
Several exceptions were noted, however, 
of the type shown in Fig. 4(6) which 
revealed a higher creep rate for the air 
specimen relatively early in the test. 
Since duplicate tests showed unusually 
large scatter in the creep rate data, more 
refined techniques are required to estab- 
lish the faster creep of the air specimens. 

In the air-strengthened region, creep 


Time, hr 
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abrupt fracture. At the higher tempera- 
tures the entrance into the final de- 
celerating creep stage occurred at a 
relatively early time. Fourth-stage creep 
was found only for the specimens whose 
data points lie on the low-stress side of 
the break in the rupture time and creep 
rate curves (Figs. 1 and 2). 

These features of the creep curves 
enable one to understand the minimum 
creep rate data in Fig. 2. Since the mini- 
mum creep rates of the air specimens 
were determined from the second stage 
of creep rather than from the final 
stages, which in some cases were lower, 
they were nearly the same as those of 
the vacuum specimens 
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over a wide range at 1500 F and at the 
short times at 1900 F. If the lower creep 
rate of the final stage, 0.011 per cent per 
hr, for the 1500 F, 8000 psi air test had 
been used in preference to the second- 
stage creep rate of 0.020 per cent per hr, 
a break would have been indicated in 
the stress versus minimum creep rate 
curve. The minimum creep rates of the 
long-time air tests at 1900F were 
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environment on creep-rupture properties 
with its effect on microstructure. In the 
air-weakened region there were no differ- 
ences which could be ascribed to environ- 
mental effects. It did appear, however, 
that in this region intergranular cracking 
occurred predominantly at the specimen 
surface in short-time tests whereas in 
long-time tests cracking occurred, to a 
greater degree, throughout the specimen. 


0.40 
| 


0.36 1500 F 
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Vacuum 


determined from the last stage of de- 
celerating creep and virtually the only 
stage, and were much lower than would 
be expected on the basis of extrapola- 
tion. Therefore, a break is shown in the 
1900 F curve because there was no 
conventional second stage from which 
to measure a steady-state creep rate. 


Microstructural Studies: 


Metallographic examination of the 
fractured specimens was performed in 
an attempt to correlate the effect of 


20 40 60 80 100 120 140 200 400 600 800 1000 1200 | 


Fic. 5.—Typical Creep Curves of the Air-Strengthed Region. 


Time, hr 


Air- and vacuum-tested specimens which 
were interrupted at various times during 
the second stage of creep revealed no 
cracks. 

In contrast to the air-weakened region, 
profound differences in the microstruc- , 
tures were effected by environment in 
the air-strengthened region. Although 
specimens in air contained notably more 
intergranular cracks than in vacuum, 
their presence may have been caused by 
the longer time in test. Large voids were 
present in the specimens tested for long 
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Fic. 9.—Specimen Tested in Nitrogen at 1500 F and 8000 psi, 103 hr to Rupture (X 1500). 


rae Fic. 8.—Specimen Tested in Air at 1500 F and 8000 psi, Interrupted at 120 hr (X 1500). 


times at 1900 F which, in some cases, 
passed completely through the section. 

In those air specimens which lie to the 
right of the break in the rupture time 
curve, several new phases had formed 
principally along the grain boundaries, 
as shown in Fig. 6. Initially, a needle- 
like phase formed, and later in the test a 
polygonal phase appeared. It was not 


determined if one precipitate was an 
advanced stage of the other, nor were 
the phases conclusively identified. There 
were no new phases in the corresponding 
vacuum-tested specimens; the only mi- 
crostructural modification was the pres- 
ence of fissures (Fig. 7). 

After test at 1900 F, small amounts of 
the 7’ phase remaining from the initial 
heat treatment were observed in the 
grain boundaries of the vacuum-tested 
specimens, but none was discerned in the 
air-tested specimens. This difference 
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Fic. 10.—Specimen Tested in Oxygen at 1500 F and 8000 psi, 196 hr to Rupture (X 1500). 


may have been caused by depletion of the 
aluminum by oxide or nitride formation. 

In an effort to determine the cause for 
fourth-stage creep in the low-stress air 
tests, specimens which were crept at 
1500 F and 8000 psi were interrupted at 
64 hr, in the early part of the third stage 
of creep, at 83.5 hr, in order to coincide 
with rupture of the vacuum-tested 


specimen, and at 120 hr, after entrance 
into the final stage of decreasing creep 
rate (note positions in Fig. 5). Metallo- 
graphic examination revealed the 64-hr 
specimen to be essentially free of cracks 
The one interrupted after 83.5 hr had an 
amount of cracking of approximately the 
same order as the specimens which 
ruptured in vacuum in the same time, 
while the 120-hr interrupted test dis- 
played considerably more cracking. A 
small amount of needle-like phase along 
the grain boundaries was observed in 
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the 83.5-hr specimen and a much greater 
amount in the one interrupted after 120 
hr (Fig. 8). It should be noted that this 
new phase was observed only in the air 
specimens but not in vacuum. 

That the needle-like phase is a nitride 
is indicated by its presence in a specimen 
tested in nitrogen (Fig. 9) and its absence 
in one tested in oxygen (Fig. 10). Since 
this phase was absent in a_nickel- 
chromium alloy (2), it is probably an 
aluminum nitride. However, this phase 
evidently is not the major source of 
strengthening in that the rupture time 
in nitregen (Table I) is 103 hr but 196 
hr in oxygen. Moreover, the oxygen- 


TABLE I.—CREEP-RUPTURE RESULTS, 
1500 F AND 8000 PSI. 


Minimum | 
: Elonga- 
Atmosphere tion, per 
cent 
cent per hr 
83.5 | 0.019 2.8 
ree: 195.7 | 0.021 21.2 
Nitrogen......... 102.7 | 0.019 6.4 


tested specimen displayed fourth-stage 
creep while the one in nitrogen did not. 

It is interesting to note that the needle- 
like phase did not form in specimens 
containing fissures (produced by prior 
vacuum test) on exposure to air for 48 hr 
at 1500 F without load. Although an 
influence of stress on the formation is 
indicated, more detailed experiments are 
needed to establish the effect. 


Gas Content Determinations: 

The role of cracking in gas pickup as 
well as the influence of time and tempera- 
ture was revealed by gas analyses of 
fractured specimens (Table II). In air, 
increases in both oxygen and nitrogen 
contents occurred at higher temperatures 
and longer exposure times. After cracking 
was initiated at the higher temperatures, 
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a large pickup in both oxygen and 
nitrogen was disclosed. This large in- 
crease was probably due to the genera- 
tion of considerably more surface area 
through crack formation. Generally it 
appeared that larger amounts of oxygen 
were picked up initially, but later in the 
test the gain in nitrogen was greater. 
It is possible that this might only be the 
result of oxides flaking off in the longer- 
time tests. In vacuum the creation of 
additional surface area by cracking was 
seen to facilitate degasification at 1500 F. 


TABLE II.—GAS ANALYSES 
OF SPECIMENS. 


Specimen History 


Weight, per cent 


Oxygen | Nitrogen 


As-received material. ........ 0.016 | 0.0523 
Vacuum annealed material....| 0.006 | 0.0389 
1300 F, air, 58 hr to rupture. .| 0.011 | 0.0361 
1500 F, air, 64 hr at 8000 psi. .| 0.022 | 0.0427 
1500 F, air, 120 hr at 8000 psi.| 0.204 | 0.2133 
1500 F, air, 1228 hr to rupture) 0.243 | 0.8094 
1500 F, vacuum, 83.5 hr to 


rupture..... 0.003 | 0.0005 
1900 F, vacuum, 1.3 hr to 
a | 0.014 | 0.0438 


1900 F, air, 2.5 hr to rupture.| 0.382 | 0.2699 


1900 F, air, 731 hr at 3000 psi.) 0.739 | 1.149 


At 1900 F, however, a small pickup of 
gases was found, probably because of the 
poorer vacuum at this temperature. 


DISCUSSION 


In order to gain an understanding of 
the effect of atmosphere on creep and 
rupture properties, it is essential to 
examine in detail the creep curves as 
well as the specimens producing them. 
Since creep in both air and vacuum was 
seen to occur, with minor exceptions, at 
about the same rate during the first and 
second stages but differed in the third 
stage, the difference in properties must 
be related to changes which took place 
during the third stage when cracks are 
forming. 
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In a previous publication (1) a mecha- 
nism was proposed involving two com- 
peting processes to explain the existence 
of an air-strengthened and air-weakened 
region in rupture time and creep rate 
curves. One of these processes is oxida- 
tion strengthening while the other is 
reduction in strength by the reduced 
surface energy in air relative to that in 
vacuum. Reduction of surface energy 
results in easier crack propagation and 
consequently faster creep and shorter 
rupture time. In the air-strengthened 
region, oxidation is dominant while in 
the air-weakened region, where condi- 
tions are unfavorable for extensive 
oxidation, the competing process is 
dominant. Therefore, the process which 
controls is determined by strain rate and 
temperature. 

Previously (1,2) reversals in both rup- 
ure time and minimum creep rate were 
ound, but in the present study, rev- 
ersals were observed only for rupture 
time and not for minimum creep rate. 
In contrast to the more ductile nickel 
in which crack initiation and growth 
were observed throughout the second 
stage of creep, in the present alloy 
cracking was found to be approximately 
coincident with entry into the third 
stage. Therefore, the minimum creep 
rate was measured for nickel while 
cracking was taking place, while for this 
material, it was measured before cracking 
started. Since environment affects ease 
of crack propagation, the minimum 
creep rate is affected by atmosphere for 
nickel but not for this material. Thus, 
although the same mechanism of atmos- 
phere effect applies to the two materials, 
an important difference is that the effect 
of environment is observed in a later 
stage. 

By means of this mechanism it is now 
possible to understand the form of the 
creep curves. In the air-weakened region 
(Fig. 4(a)), the airand vacuum specimens 
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elongate at the same rate until cracking 
is initiated, at which time the reduced 
surface energy in air results in accelerated 
propagation and failure. 

In the air-strengthened region, since 
cracking does not lead to immediate 
failure, as shown in Fig. 5, the rupture 
time is prolonged. The marked strength- 
ening which occurred in the long-time, 
low-stress tests (conditions conducive to 
greater oxidation) was found to be re- 
lated to the oxygen in the air environ- 
ment more so than the nitrogen. This 
strengthening process became effective 
after fissures were formed in the third 
stage of creep, as indicated by the large 
pickup in gases at this point. While 
badly fissured, the specimen, instead of 
rupturing in the third stage, entered a 
final stage of decelerating creep, thereby 
yielding an unusual type of creep curve. 

Although the exact mechanism by 
which this marked strengthening occurs 
is not known, it appears to be related 
to extensive oxidation. Three possible 
ways have been considered in which 
oxidation may affect cracking and re- 
sultant strength changes. 

1. Oxidation ahead of the crack may 
strengthen the alloy. 

2. Oxidation may blunt the tip of a 
crack and thus reduce the stress con- 
centration there. 

3. Oxidation of the fracture surfaces 
can bridge the crack and measurably 
increase the load bearing area. 

In view of the observation that a 
specimen which failed in vacuum in 
83.5 hr and one which was interrupted 
in air at the same time had approxi- 
mately the same amount of intergranular 
cracking, it appears that mechanism 3 
acts to prevent failure, even though 
cracking is well advanced. 

Another indication of the influence 
of oxidation is the positions in Fig. 1 of 
the reversal points and of the breaks in 
the rupture time curve in air. These 
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features were observed to occur at 
shorter times relative to those for a 
nickel-chromium alloy (2). Since these 
materials have comparable oxidation 
resistance in the temperature range 
studied (5,6), it appears that this dis- 
placement to shorter time may be at- 
tributed to the greater surface-to-volume 
ratio for these thinner specimens. 


SUMMARY 


The significant findings of the investi- 
gation are as follows: 

1. At low temperatures and high 
stresses’ time-to-rupture was longer in 
vacuum than in air, but at high tempera- 
tures and low stresses the reverse was 
true. Conventional minimum creep rates 
were generally unaffected by environ- 
ment. 

2. The observed behavior is in agree- 
ment with previously proposed mecha- 
nisms involving reduction of strength 
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due to lowered surface energy and 
strengthening by oxidation. 

3. In this brittle alloy, the effect of 
environment was not observed until 
later in the test in comparison with 
more ductile materials. 

4. An unusual creep curve was ob- 
tained in air at the higher temperatures. 
The specimen instead of rupturing in 
the normal third stage of creep entered a 
fourth stage of decelerating creep which 
delayed rupture. 

5. Ductility was not significantly al- 
tered by environment at low tempera- 
tures. However, at high temperatures 
with increasing rupture time, total 
elongation increased markedly in air, 
but decreased in vacuum. 
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Mr. E. N. SKINNER.'—This excellent 
and interesting investigation calls atten- 
tion to an important and perhaps little 
appreciated fact: air, the universal 
environment for high-temperature me- 
chanical testing is far from inert and by 
its presence or absence may exert a 
profound influence upon the strength 
properties of heat-tolerant metals and 
alloys. We and others have observed 
that the creep-rupture testing in air at 
a sufficiently high temperature of 
materials of this type may lead to er- 
roneous impressions as to the actual 
strength because of the benefit resulting 
from the formation of oxide films on the 
surface or of oxide and nitride precipita- 
tion within the structure. This effect is, 
of course, masked or not found in alloys 
that form nonprotective oxides where 
spalling results in a continual loss of 
load-carrying sections. However, in 
alloys featuring the high order of oxida- 
tion resistance typical of the nickel-base 
chromium types, the strengthening may 
be so pronounced as to suggest that it is 
futile to test specimens in the form of 
strip (or small diameter rods) at high 
temperatures and low stresses such that 
the test duration is sufficiently long to 
introduce complications due to oxidation. 

The magnitude of oxidation strength- 
ening is often remarkable as in one case 
where we have tested in creep rupture a 
round bar specimen of Inconel (78 
nickel- 15 chromium) at 2100F and 


1 Development and Research Division, The 
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850 psi. The amount of elongation was 
very large but just at a time when it 
appeared that rupture was imminent, 
the rate of third stage extension com- 
menced to decrease not unlike the 
authors’ specimen which exhibited a 
“fourth” stage of creep. Ultimately, the 
elongation of the Inconel bar attained 
a zero rate and so remained for more 
than 1000 hr, after which the test was 
discontinued. Examination of the speci- 
men which had no ductility whatsoever 
indicated that the usual network of 
rupture cracks had become filled with 
oxide, which eventually became the 
continuous phase and thereafter sup- 
ported the load. 

Mr. Pavut SHAHINIAN (author).—I 
agree with Mr. Skinner’s remarks. There 
is no question that in environmental 
testing the ratio of surface area to volume 
is very important. The greater atmos- 
phere effect expected from high ratio 
values, of course, is one reason why we 
used sheet materials. As to the actual 
use of such data I believe there are 
applications for this and similar materials 
in sheet form, for example, in cladding. 

Mr. J. R. Lewis? (by Jetter).—The 
effect of atmosphere upon the mechanical 
properties of materials has been of 
extreme interest to us for some time. The 
excellent paper presented by the authors 
is further verification that in selecting 
materials operating media must be as 
carefully considered as are operating 
stress or temperature. 


2General Electric Co., Aircraft Nuclear 
Propulsion Department, Cincinnati, Ohio. 
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The authors’ findings relating to 
internal oxidation and nitride formation 
in nickel-chromium-aluminum alloys are 
in agreement with investigations at our 
laboratories. We have also found that 
nitrides will form in type 310 stainless 
steel, in 80 nickel-20 chromium material 
and in nickel-chromium-columbium-sili- 
con alloys upon exposure to air at ele- 
vated temperatures. 

It is interesting to note that the stress- 
rupture life in air is over six times that 
in oxygen alone and of an order of magni- 
tude greater than the life in nitrogen. 
From this one would infer the cumulative 
effect of nitrogen plus oxygen to be due 
perhaps to the formation of oxinitrides 
which are more effective strengtheners 
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or to a change in the nature or distribu- 
tion of the oxide and nitride phases. We 
would like to ask the authors whether 
any evidence exists which could explain 
the marked difference in behavior in air 
as opposed to nitrogen and oxygen. 

Mr. SHAHINIAN.—In regard to Mr. 
Lewis’s query, we do not have evidence 
to support an explanation for the longer 
rupture life in air compared to that in 
oxygen or nitrogen. It could be due to 
the effects suggested by him, or possibly 
to a critical oxidation rate required for 
optimum strength, or to the minor 
components of air. Similar differences 
have also been observed with other 
materials. 
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MECHANICAL AND PHYSICAL PROPERTIES OF THREE 
LOW-SHRINKAGE, COPPER-BASE CASTING ALLOYS* 


By J. G. Kura! anp R. M. Laneo? 


: 


SYNOPSIS 


Accurate measurements were made for the mechanical and physical proper-— 
ties of 80-10-10, 85-5-5-5, and Navy “M” alloys at various temperatures 
ranging from —40 to 550 F. The properties measured were ultimate strength, 
_ yield strength, elongation, reduction of area, Young’s modulus, compressive 
_ strength, V-notch Charpy impact strength, Brinell hardness, fatigue, machin- 
_ ability, melting range, patternmaker’s shrinkage, density and specific gravity, : 
electrical resistivity, thermal conductivity, and thermal expansion. Many of 
_ the data were previously nonexistent. 


c 
A program was sponsored by the Brass Although data on some of the mechan- 4 
and Bronze Ingot Inst. to provide accu-_ ical and physical properties of these 
rate data for various mechanical and alloys are available, the authenticity of 
physical properties of sound test bars these data is not precisely known. For 
from good-quality melts of three copper- example, little is known about the exact: : 
base casting alloys. These ingot alloys composition, quality of the melts, and — 
pre designated as 2A, 3A, and 4A by the soundness of the test bars used in deter- 
ASTM Specification B 30— 34," and the mining the properties listed in the various — 
reference sources. Authoritative data on 


80-10-10, and 85-5-5-5, respectively. : 

The casting specifications AST it the elevated-temperature properties of 

B 143-524 2A: B 144-525 3A: and these alloys are practically nonexistent. _ 


Pouring temperature has a marked 
effect on the mechanical properties of 
* Presented at the Sixty-first Annual Meet- castings. Therefore, the test-bar castings 


ing of the Society, June 22-27, 1958. 
1 Chief, Nonferrous Metallurgy Division, for this poured within 
Battelle Memorial Institute, Columbus, Ohio. predetermined range of temperature to 
2 Formerly Principal Metallurgist, Battelle produce optimum tensile properties. 
Memorial Institute; presently Metallurgist, 
Engineering Design Division, Douglas Aircraft Data were obtained on 16 mechanical 
Co., El Segundo, Calif. and physical properties. Some of these 
3 Specification for Copper-Base Alloys in d 
Ingot Form for Sand Castings (B 30 —- 54), 1955 properties were measured at room tem- 


Book of ASTM Standards, Part 2, p. 75. perature, but most of them were meas- 


‘Specification for Tin-Bronze and Leaded c 
Tin-Bronze Sand Castings (B 143-52), 1955 Ured at —40, 75, 250, and 450 or 550 F. 


Book of ASTM Standards, Part 2, p. 229. The specific properties and the methods _ 


5 Specification for High-Leaded Tin-Bronze 
Sand Castings (B 144 - 52), 1955 Book of ASTM used to measure them are presented in — 


Standards, Part 2, p. 233. separate sections of the paper. a 
® Specification for Composition Brass or An important part of the program .: . ; 


Oo Metal Castings (B 62-52), 1955 Book 
ASTM | > dealt with the determination of the creep 


of ASTM Standards, Part 2, p. 119. * 


B 62 — 52,° respectively. 


cs 
| 
} 
: 
q 


in. 


776 be KurA AND LANG ON PROPERTIES OF CopPER-BASE ALLOYS 


5 


Section “ 


Fic. 2.—Modified 1-in. Web-Webbert Test-Bar Casting. 


gin.in diameter 


: Fic. 1.—Double Horizontal Full-Web Test Bars, Similar to Fig. 3 of ASTM Recommended 
; Practice B 208 - 54* Except for Modifications in the Gating System. 
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properties. Those results are presented 
in a companion paper.’ 

The data presented in this paper con- 
stitute the first portion of a continuing 
program in which additional alloys will 
be studied. 


EXPERIMENTAL PROCEDURE 


Preparation of Specimens: 


All of the specimens for this program 
were cast in green sand molds in accord- 


dance with Am. Foundrymen’s Soc. 
(AFS) recommendations except the 
specimens for determining the pattern- 
maker’s shrinkage. The latter were cast 
in baked sand molds. 

The casting designs used to provide 
specimens for all the different tests were 
as follows: 

1. Double Horizontal Full-Web type, 
Fig. 1 (ASTM Recommended Practice 
B 208 — 54,8 Fig. 3) 


Ward F. Simmons and J. G. Kura, “The 
Creep Properties of Three Low-Shrinkage, 
Cooper-Base Casting Alloys,” p. 791, this pub- 
lication. 

® Recommended Practice for Tension Test 
Specimens for Copper-Base Alloys for Sand 
Castings (B 208-54), 1955 Book of ASTM 
Standards, Part 2, p. 345. 


2. Modified 1-in. Web-Webbert, Fig. 2 

3. Patternmaker’s shrinkage bar 
Fig. 3. | 

The Double Horizontal Full-Web test 


bar was used because it is one of the _ 


designs specified by ASTM for low-— 
shrinkage alloys. Also, previous research 
had shown that this type of casting was 


85-5-5-5 alloy (1)*. However, the gating 
system was modified to conform to more 


recent principles of gating (2). This test- 
bar design was used for 80-10-10 and 
Navy ‘“M” alloys because these alloys 
have casting characteristics similar to 
those of the 85-5-5-5 alloy. 

When the desired size of the specimens 
was too large for them to be machined 
from the Double Horizontal Full-Web 
bar, the Modified 1-in. Web-Webbert test 
bar was used. The Double Horizontal 
Full-Web test bars were used to deter- 
mine the tensile properties, hardness, 
melting range, and density. The special 
bar shown in Fig. 3 was used to measure 
patternmaker’s shrinkage. All of the 


®* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


see p. 790. 


the most satisfactory design for the 


| 
-. 4. Fic. 3.—Casting Used for Measuring Patternmaker’s Shrinkage. 
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other properties were measured from the 
Modified 1-in. Web-Webbert test bars. 
To determine whether the tensile 
properties of the Modified 1-in. bar were 
comparable with those of the Double 
Horizontal bar, both types were cast 
from the same melts made in duplicate. 
The results are shown in Table I and 
indicate that the tensile properties of the 
Modified 1-in. bars were lower than those 
of the Double Horizontal bars. This was 
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Melting: 


Even when considerable care is exer- 
cised in the melting of brass and bronze 
alloys, the melts may occasionally absorb 
a large amount of gas, which causes a 
marked reduction in the tensile proper- 
ties of the castings. Therefore, to deter- 
mine the melt quality, tension tests were 
made on castings from each melt before 
the melt was considered acceptable. 

Previous work (1) had shown that the 


TABLE I.—EFFECT OF CASTING DESIGN ON ROOM-TEMPERATURE 
TENSILE PROPERTIES. 


’ Pouring Tensile Strength, psi Elongation, per cent 
‘ Tempera- 
Design t de 
Maximum | Minimum | Average” 
80-10-10-ALLoy 
Double Horizontal Full-Web ...... | 2075 38 400 | 37 400 | 38 0004 31 29 30¢ 
Modified 1-in. Web-Webbert ....... | 2090 | 34 800 | 34 300 | 34 600? 26 24 25? 
85-5-5-5 ALLoy 
Double Horizontal Full-Web....... 2160 35 000 | 35 000 | 35 000? 35 33 342 
odified 1-in. Web-Webbert ....... 2135 32 800 | 31 800 | 32 3004 33 30 314 
Navy “M” ALLoy 
Double Horizontal Full-Web....... | 2150 | 41 700 | 40 000 | 40 soot | 52 | 46 | 4sé 
Modified 1-in. Web-Webbert ...... | 2140 | 36 900 | 36 200 | 36 5004 42 38 404 


* The standard deviation for tensile strength is + 300 psi; that for elongation, +1 per cent. (See 


section on ‘Reliability of Data” for method used to calculate the standard deviation.)  __ 
> Superscript numerals indicate the number of specimens. 


expected, since, in general, castings of 
larger section thickness have lower ten- 
sile properties than castings of smaller 
section thickness. The reduction, in prop- 
erties is attributed to the larger grain 
size and more open structure that result 
from the lower cooling rate of the larger 
castings. In general, the difference in 
tensile properties of these two types of 
castings was small. Therefore, the Mod- 
ified 1-in. bars were considered to be 
acceptable for the type of evaluation for 
which they were to be used, especially 
since the Modified 1-in. bars were radio- 
graphically sound. 


Double Horizontal Full-Web_test-bar 
castings poured at about 2150F were 
more sensitive to variations in melt 
quality of the 85-5-5-5 alloy than any of 
many other types of test-bar castings. 
Because the 80-10-10 and Navy “M” 
alloys had casting characteristics similar 
to those of the 85-5-5-5 alloy, the same 
procedure was followed in evaluating 
their melt quality as for the 85-5-5-5 
alloy. 

To determine the pouring temperature 
that would result in optimum tensile 
properties, melts of the 80-10-10 and 
Navy “M” alloy were made in duplicate, 


| 
4 
: 
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TABLE II1—AVERAGE CHEMICAL 
ANALYSIS FOR CASTINGS FROM EACH 
ALLOY TYPE.* 


Chemical Analysis, per cent 
Element 


80-10-10 85-5-5-5 | Navy “M”’ 


7 


-07 
-13 


COnRNONNW 
Kwari 


Phosphorus. . ‘| .O1 
* Eleven heats of 80-10-10 alloy, seven of 


85-5-5-5 alloy, and nine of Navy ‘““M” alloy. 


TABLE III—SUMMARY OF THE 


ROOM-TEM PERATURE 
DETERMINED FOR MELT-QUALITY EVALUATION OF 


program are presented for each type of 
alloy in Table II. All of the melts were 
within the composition range specified 
by the ASTM? 

The results of the melt-quality tests 
conducted on specimens machined from 
the Double Horizontal Full-Web test-bar 
castings are summarized in Table II. 
In all cases, the tensile properties of the 
casting exceeded the minimum set by 
ASTM specifications. 

In addition to checking the composi- 
tion and quality of each melt, specimens 
were radiographed before they were 


TENSILE PROPERTIES 
ALL OF THE HEATS. 


Tensile Strength, psi 


Elongation in 2 in., per cent 


Maximum 


Minimum | Average*” 


Maximum Minimum | Average*” 


41 800 
37 500 


36 500 


39 200'§ 34 26 30'8 


33 100 | 


38 700 


* Standard deviation for tensile strength is +300 psi; that for elongation, +1 per cent. 
+ Superscript numerals indicate the number of specimens. 


35 300" 40 27 
40 700 53 | 40 


32 
452 


41 600 


and the Double Horizontal Full-Web 
castings were poured at five different 
temperatures from each melt. Tensile 
data were then obtained for each casting. 
From these data, the pouring tem- 
peratures selected were 2050 F for the 
80-10-10 alloy and 2150 F for the Navy 
“M” alloy. 

All of the alloys were melted in a 
silica-lined, high-frequency induction 
furnace without a cover over the melt. 
The melts consisted of ingot that met 
the ASTM specifications for composi- 
tion.’ The number of castings poured 
from each melt was limited to six or 
seven, so that all castings could be poured 
close to the preestablished temperature. 
The shake-out time for all castings 
throughout the program was 3 hr. 

The average analyses for the composi- 
tions of the various melts used in the 


creep 
Reliability of Data: 


In the evaluation of the three alloys, 
it was possible to treat statistically all of 
the individual values for all of the alloys 
simultaneously for a specific property * 
(3). This was done in the present program 
to arrive at the standard deviation of 
+1o for each average value listed in 


the various tables. The value for the 
standard deviation of +1 o indicates the 
limits that would encompass two thirds 
of all additional experimental results 
that might be obtained in the future. 
Thus, the smaller the value for the 
standard deviation, the greater the re- 
liability of the data. In each table where 
data are averaged, the value for the 
standard deviation is given in the foot- 
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DATA ON PROPERTIES 


Tensile Properties: 


The tensile properties of the three 
alloys were measured on bars in duplicate 
at —40F, room temperature, 250, and 
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extensometer was 0.00003 in. 
gage length. 

Figure 4 shows the tensile properties 
that were obtained at the various tem- 
perature levels. The accuracy of the 
individual values is estimated to be as — 


per in. of 


450 or 550 F. Data obtained included follows: 
Property — Experimental Error Standard Deviation 
Ultimate strength*...... -40 to 550 | +1% of the ultimate strength | +300 psi at 75 F, +750 
psi at other tempera- 
tures 
Yield strength.......... -40 to 75 1% of the yield strength +170 psi 
Yield strength.......... 250 to 550 | +2% of the yield strength +170 psi 
Reduction of area....... -40 to 550 | +114¢% +2 per cent 
Elongation® -40 to 75 +1 per cent at 75 F, 
i +2 per cent at other 
temperatures 
Young’s modulus. ......| -40 to 75 +2 % of the modulus +430 000 psi 
Young’s modulus. ...... 250 to 550 | +4% of the modulus + 430 000 psi 


* Twenty-three specimens were tested at room temperature for the 80-10-10 alloy, 18 for the 
85-5-5-5 alloy, and 18 for the Navy ‘““M” alloy. Specimens in duplicate were tested at all other tem- 
peratures and for the other properties of the three alloys. 


(a) yield strength at both 0.2 per cent 
éffset and at 0.5 per cent extension under 
load, (b) ultimate strength, (c) elonga- 
tion, (d) reduction of area, and (e) mod- 
ulus of elasticity. The tension specimens 
conformed in detail to Fig. 5 of ASTM 
Recommended Practice B 208 — 54.8 
Hydraulic testing machines were used 
which are accurate to +0.5 per cent. 
The rate of straining was 0.002 in. per 
in. per min below the yield strength and 
0.05 in. per in. per min above the yield 
strength. The specimens were held at the 
testing temperature to within +2 F for 
at least 20 min prior to load application. 
The strain on the tension specimens 
tested at —40 F and at room tempera- 
ture was determined by means of two 
electric strain gages attached in series 
for each specimen. The sensitivity of the 
strain gages was 0.000002 in. per in. of 
gage length. For the specimens tested at 
elevated temperature, the strain was 
measured with an extensometer over a 
2-in. gage length. The sensitivity of the 


The data in Fig. 4 show that the 
strength, ductility, and modulus of elas- 
ticity of all the alloys generally decreased 
with increasing temperature. At the 
maximum temperature, the Navy “M” 
alloy retained about 70 per cent of its 
room-temperature strength, and the 
80-10-10 and 85-5-5-5 alloys retained 
about 75 and 85 per cent of this room- 
temperature strength, respectively. 


Compressive Strength: 


The compressive strength of the three 
alloys was measured at various tempera- 
tures on cylindrical specimens 3? in. in 
diameter and 2 in. long. The specimens 
were machined to +0.0005 in. on the 
diameter and +0.005 in. on the length. 
The opposite ends of each specimen were 
ground to make them parallel to within 
+0.0002 in. 

The rate of straining with hydraulic 
testing machines was 0.001 in. per in. 
per min below the 0.1 per cent offset 
yield strength and 0.02 in. per in. per 
min above the 0.1 per cent offset yield 


- 
782 
- 4 6 


strength. The sensitivity of the exten- 
someter was 0.00003 in. per in. of gage 
length. The compressive strength was 
measured from stress-strain diagrams at 
0.1, 1.0, and 10 per cent offset, which 
corresponds to permanent sets of 0.001, 
(0.010, and 0.100 in., respectively. Before 
load application, ‘the specimens were 
held at the testing temperature to within 
+5 F for at least 20 min. 

According to ASTM Methods E 9- 
52 T,!° the strain on compression speci- 
mens is to be measured over a gage 
length not closer to the ends of the 
specimen than an amount equal to one 
quarter of the diameter of the specimens. 
In the present program, an arrangement 
was used to provide (a) high sensitivity 
for determining the elastic modulus for 
establishing the slope of the offset lines, 
and (6) sufficient range for determining 
the plastic compression to the desired 
maximum of 10 per cent offset. Set 
screws in the attachment rings of the 
extensometer contacted the specimen } 
in. from each end, and the rings con- 
tacted the ram and base of the compres- 
sion machine. This achieved alignment 
of the specimen and stability of the 
extensometer. If the extensometer ring 
clamps were located farther from the 
ends of the specimen, alignment would 
have been a problem at the various test 
temperatures and the set screws would 
have restricted expansion of the specimen 
as it approached 10 per cent compression. 
Therefore, in this arrangement, the strain 
was measured over the full 2-in. length 
of the specimen. 

Figure 5 gives the compressive 
strengths that were obtained at the vari- 
out temperatures. They show that there 
was first a rapid and then a gradual de- 
crease in the compressive strength for 


10 Tentative Methods of Compression Test- 
ing of Metallic Materials (E9-52T), 1955 
Book of ASTM Standards, Part 1, p. 1566; 
Part 2, p. 1261. 
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each of the alloys as the temperature — 
was increased from —40 to 450 or 550 F. 
The accuracy of these data is estimated — 
to be as follows: 


Experi- 
Compressive Strength® = 
per cent 
At  0.001-in.-per-in. 
permanent set...... =] 
At 0.010-in.-per-in. 
permanent set...... 
At 0.100-in.-per-in. 600 psi 
permanent set...... 


* Specimens in duplicate were tested at each . 7 
temperature level except for the 80-10-10 alloy, i 
which was tested in quadruplicate at 250 and 
450 F. 


Impact Strength: 


Impact strength was determined on 
specimens in triplicate at various tem-— 
peratures from —40F to 450 or 550 F. 
Standard V-notch Charpy specimens _ 
were used; the design conformed to s 
Fig. 3 in ASTM Methods E 23-56 T."— 

The pendulum had an energy of 110 
ft-lb at the moment of impact and was F 


> 


moving at a velocity of 12.75 ft per the 


Figure 5 shows the strengths of the 
notched bars at various temperature © 
levels. The impact strength was fairly 
constant for the 80-10-10 and 85-5-5-5 | 
alloy over the range of test temperatures — 
and dropped from 19 ft-lb at —40F to 
14 ft-lb at 550 F for the Navy “M” alloy. 
These data are estimated to be accurate 
to within +} ft-lb, and the standard 
deviation for the average values is +0.6 
ft-lb. 


Hardness: 


Brinell hardness was determined on __ 
flat surfaces machined on the side of the 
grip ends of bars that had been used to 


1 Tentative Methods of Notched Bar Im- 
pact Testing of Metallic Materials (E 23 - 56 T), 
1956 Supplement to Book of ASTM Standards, 
Part 1, p. 351; 1957 Supplement to Book of 
ASTM Standards, Part 2, p. 337. 


4 
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determine room-temperature _ tensile 
properties. All of the impressions were 
made with a 10-mm-diameter tungsten 
carbide ball, and a load of 500 kg was 
applied for 30 sec. Impressions were 
made after the specimen had been in the 
bath for 30 min. Three impressions were 
made on each specimen and two speci- 
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Fatigue Strength: hav 


Fatigue studies were conducted on 
specimens of the design shown in Fig. 6 
After polishing, the average surface finish 
was 5 microinches rms. R. R. Moore 
rotating-beam machines were used. The 
specimens were loaded as a simple beam 
while rotated at a speed of 10,000 rpm. 


mens of each alloy were tested at —40, The data are plotted in Fig. 7. The 
75, 250, and 450 or 550 F. pee solid curves, representing the mean 
|) - +-d=0.280"* 9.002 


3 Toper per foot Grind 
toFitGoge 


Tolerances 
Decimals + 0.005in. 


Except as Noted 


Slee 5 shows the hardness of each 
alloy at the various temperatures. The 
accuracy of the individual measurements 
is estimated to he +1 per cent, and the 
standard deviation of the average values 
is +2 Brinell hardness number. 

As would be expected, a decrease in 
hardness occurs for each alloy as the 
temperature is increased. The hardness 
of the 80-10-10 alloy dropped about 5 
points to 54 Brinell at 450 F. The 85- 
5-5-5 and Navy “M” alloy were quite 
similar in behavior. Their hardnesses 


were slightly above 70 Brinell at —40 F 
and dropped to only slightly below 60 
Brinell at the highest test temperature. 


R= 4410" No.4 Drill - deep, £-20 


Fic. 6.—R. R. Moore Rotating-Beam Fatigue eaten. 


0.010in. deep 


Tap- deep, csk 


value and limiting range, were deter- 
mined as follows. In the finite-lifetime 
region (in general, less than 10’ cycles), 
a statistical analysis was made at each 
stress level for which data were available 
for four or more specimens. The mean 
value for the lifetime at each of these 
stress levels assisted in locating the solid 
line in the figures. The broken lines in 
the figures were arrived at in a similar 
manner. With reference to statistical 
terminology, the broken lines represent 
a standard deviation of +1 o. 

From the solid line representing the 
mean values in each figure, the mean 
fatigue limit for the three alloys at 100 


a 


80-10-10 Alloy 


me 


Stress, psi 


Bae 
85-5-5- 5 Alloy 


108 108 


Fic. 7.—Fatigue Characteristics. 
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million cycles was estimated to be as 
follows: 
Mean Fatigue 


Alloy Limit, psi 
il 000 
Machinability: 


Machinability was determined on a 
lathe in which a constant thrust is ap- 


TABLE IV.—MACHINABILITY RATINGS. 


Machinability 

Alloy Rating Index 
Free-cutting 100 


* Nominal composition of the wrought bar 
stock was 61.5 per cent copper, 35.5 zinc, 3 
lead (ASTM Specification B 16 - 52).” 
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was used as a standard for comparison 
purposes. 

The machinability ratings based on 
tests conducted in quadruplicate are 
presented in Table IV. The data show 
that, of the three alloys, the 80-10-10 
had the highest machinability and the 
Navy “M” alloy had the lowest. The 
accuracy of the machinability test is 
estimated to be +5 per cent with respect 
to the standard reference alloy. 


Melting Range: 


The melting range of each of the three 
alloys was determined by the differential 
thermal analysis technique, which is one 
of the most accurate methods available. 
This technique consists of recording the 
temperature of the specimen as well as 


TABLE V.—MELTING-POINT DATA. 


Beginning of Melting, deg Fahr 
End of Melting, deg Fahr 
Alloy Lead Phase Copper Phase 
Minimum Maximum | Minimum Maximum | Minimum 
80-10-10......... 598 598 598% 1410 1400 14038 1708 1702 1705* 
85-5-5-5.........| 602 600 601? 1575 1560 1568* 1850 1846 18495 
one 1520 1515 1518? 1816 1803 1810? 


* Standard deviation for the average values is +5 F. 
> Superscript numerals indicate the number of specimens. 


plied to the tool carriage by a weight- 
and-pulley system. The machinability 
ratings are based on the number of 
spindle revolutions required for a tool 
travel of 0.1 in. A metal of good machin- 
ability will require fewer revolutions of 
the spindle for a given amount of tool 
travel than will a metal of poor machin- 
ability. 

The procedure consisted of making a 
$-in. turning cut at a mean speed of 75 
surface ft per min on bars measuring 
% in. in diameter by 7 in. in length. 
Wrought bar stock of free-cutting brass 


2 Specification for Free-Cutting Brass Rod, 
Bar, and Shapes for Use in Screw Machines 
(B 16-52), 1955 Book of ASTM Standards, 
Part 2, p. 54. 


the temperature difference between the 
specimen and a neutral body. Copper 
rod was used as the neutral body. The 
alloy specimens as well as the copper 
bars were } in. in diameter and 3 in. 
long. 

With this technique of thermal anal- 
ysis, it was possible to determine the 
temperature at which the lead-rich phase 
began to melt in the 80-10-10 and 85- 
5-5-5 alloys. However, with the Navy 
“M” alloy, melting of the lead-rich 
phase could not be detected. Apparently 
the lead content of the Navy “M” was 
too low to cause an appreciable arrest 
in the heating curve. 

The data for the melting ranges of the 
three different alloys are presented in 


a 
= 
it} 
i 
| 
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Table V and are estimated to be accurate 
to within +5 F. These data, which were 
obtained by heating the specimens, are 
regarded as a more reliable indication of 
the liquidus and solidus temperatures of 
the alloys than data that would be ob- 
tained by cooling the melts. Theoreti- 
cally, the melting range and freezing 
range of an alloy should be the same, but 
it is difficult to obtain an accurate cooling 


TABLE VI.—PATTERNMAKER’S 
SHRINKAGE. 


Pouring 
Temp, 
deg Fahr 


Patternmaker’s 
Shrinkage, in. 


Average Shrinkage, 
r ft® per ft 


in. per 


Gage Length, 
in. 


80-10-10 ALLoy 


0.120 | ! 
0.132 | 1 
0.132 | 


Average 0.128 


85-5-5-5 ALLoy 


0.168 
0.156 
0.168 


Average 0.164 


avy “M” ALLoy 


0.204 
0.180 
0.180 


Average 0.188 


e ‘Standard deviation of the average values 
is +0.024 in. per ft. 


curve because the tendency for super- 
cooling is generally greater than the 
tendency for superheating. 


Patternmaker’s Shrinkage: 


A modification of a method described 
by Pilling and Kihlgren (4) was used for 
measuring patternmaker’s shrinkage. 


ALLOYS 


Specimens were of the design illustrated 
by Fig. 3, which shows a 3-in. gage 
length. Actually, castings of three differ- 
ent gage lengths were used: 3, 6, and 9 
in. 

The shrinkage specimens were cast in 
dry sand molds composed of fine core 
sand. Just prior to casting, the gage 
length of each mold was measured to 
0.001 in. with a micrometer caliper. The 
castings were then poured at as low a 
temperature as possible to 
liquid shrinkage. 

After the castings had cooled to room 
temperature, the gage lengths of the 
castings were measured to 0.001 in. with 
a micrometer caliper. The total pattern- 
maker’s shrinkage was equal to the 
difference between the gage length of the 
mold and the gage length of the casting. 
The results of these experiments, con- 
ducted on castings in duplicate, are 
presented in Table VI. 

Apparently the length of the casting, 
within the range studied, had little effect 
on the patternmaker’s shrinkage. The 
average difference in shrinkage between 
castings of the same alloy, but of differ- 
ent gage lengths, was less than 0.012 in. 
per ft. Thus, the estimated accuracy of 


these data is +10 per cent. ——- 


Density measurements were made on 
machined tension-bar specimens before 
the bars were tested in tension. The 
density was determined from measure- 
ments obtained by weighing thoroughly 
cleaned specimens in air and then weigh- 
ing them when suspended in chemically 
pure carbon tetrachloride. When meas- 
urements were made in carbon tetra- 
chloride, the temperature of the bath 
was recorded so that a correction could 
be made to obtain the density of the 
bath at that temperature. From the data 
thus obtained, the density of the speci- 


Density and Specific Gravity: 
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mens was calculated from the following 


formula: 
D. _ Wa X Wa X Di 


D, = density of specimen, g per cu cm, 


D, = density of carbon tetrachloride, 
g per cu cm, 

W., = weight of specimen in air, g, and 

W. = weight of specimen in carbon 


tetrachloride, g. 
Although the temperature of the bath 
and specimen ranged from 67 to 75F, 


ASTM Method B 193-57." The speci- 
mens were cylinders ;% in. in diameter 
and 7 in. long. The specimens were sub- 
merged in a thermostatically controlled 
oil bath that was stirred continually, 
and resistance measurements were made 
on both the heating and cooling portions 
of a thermal cycle. A constant tempera- 
ture was maintained for approximately 
15 min at each temperature at which 
resistance measurements were made. 
The voltage drop across 5 in. of the 
specimen’s length was measured with 
pointed probes. 


TABLE VII.—DENSITY AND SPECIFIC GRAVITY. 


pi 
Aly g per cu cm Ib per cu in. 
Maxi- | Mini- | Aver- | Maxi- Mini- Aver- Maxi- | Mini- | Aver- 
mum | mum age® mum mum age mum | mum age 
odorata unl ole pad 9.04 | 8.96 | 8.99 | 0.326 | 0.324 | 0.325 | 9.05 | 8.97 | 9.00 
EL dos 4 whoa SaKels 8.87 | 8.76 | 8.82 | 0.320 | 0.316 | 0.318 | 8.88 | 8.77 | 8.83 
I waite bb dew 8.71 | 8.62 | 8.64 | 0.315 | 0.311 | 0.312 | 8.72 | 8.63 | 8.65 


» ® Average value for 5 specimens. Standard deviation for the average values is + 0.02 g per cu cm. 


the correction for the density of the 
specimen at 68 F is of the order of 0.0001 
g per cu cm. Since the density deter- 
minations are estimated to be accurate 
to within +0.25 per cent (+0.02 g per 
cu cm), correction for the density at 
68 F is insignificant. Therefore, the ex- 
perimental data are reported as values 
obtained at 68 F, which is the accepted 
temperature for reporting such data. 
The density and specific gravity of the 
three alloys are presented in Table VII. 
The values for specific gravity were ob- 
tained by dividing the density value of 
the specimen by the density of water, 
which is 0.998405 g per cu cm at 68 F. 


Electrical Resistivity: 


The electrical resistivity of the three 
copper-base alloys was measured by the 
voltage-drop method described by 


Values for the electrical resistivity of 


the three alloys at temperatures ranging 
from 68 to 450 F are given in Table VIII. 


TABLE VIII.—ELECTRICAL RESIS- 
TIVITY AT VARIOUS TEMPERATURE 
LEVELS.* 

Electrical Resistivity, microhm-cm 
Temperature, 
deg Fahr 
80-10-10 85-5-5-5 | Navy “M’”’ 
eee 17.01 11.43 12.04 
Aare 17.63 11.87 12.46 
18.00 12.13 12.71 
aren 18.38 12.42 12.97 
Se 18.76 12.70 13.22 
ae 19.53 13.28 13.74 
ee 19.92 13.59 13.99 


* Only one specimen was tested for each al- 


loy. 


138 Method of Test for Resistivity of Electrical 
Conductor Materials (B 193 - 57), 


1957 Sup- 


plement to Book of ASTM Standards, Part 2, 


| 


we 
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These values are estimated to be accurate 
to within +0.5 per cent. The data show 
that resistivity increases a slight amount 
as the temperature is increased. The 
electrical conductivities, expressed as a 
per cent of the International Annealed 
Copper Standard, are presented in Table 
IX. 


Thermal Conductivity: 


The thermal conductivity of the alloys 
was measured in an apparatus that was 
essentially the same as the one described 
by Van Dusen and Shelton (5). Briefly, 
the method consists of heating one end 
of a specimen, measuring the tempera- 
ture gradients along the specimen, and 
determining the rate of heat flow through 
it and into an ingot iron standard sol- 
dered to the opposite end of the test 
specimen. The end of the test specimen 

TABLE IX.—ELECTRICAL CONDUC- 


TIVITY AT VARIOUS TEMPERATURE 
LEVELS." 


Electrical Conductivity, per cent 


IACS® 
80-10-10 85-5-5-5 | Navy “M” 

10.14 15.08 14.32 
SPP 9.78 14.52 13.84 
9.58 14.21 13.56 
9.38 13.88 13.29 
300. . 9.19 13.58 13.04 
350. . 9.00 13.27 12.79 
8.65 12.68 12.32 


* Only one specimen was tested for each al- 
ae, The resistivity of the International Copper 
Standard is 1.7241 microhm-cm. 
was heated while the end of the ingot 
iron standard was cooled. Radial heat 
flow into or away from the specimens 
was minimized by thermal insulation 
and an encircling guard tube in which 
the temperatures were adjusted, as 
nearly as possible, to match those in the 
specimen and the standard at corre- 
sponding positions. 

The test specimens were cylinders 
0.787 in. in diameter and 5.906 in. in 


1.969 in. long. Four thermal-conductivity _ 
values were calculated, each at a differ- 
ent mean temperature for each thermal 
equilibrium. Data were recorded for 
three or four equilibria in each specimen. 
The values obtained for thermal con- } 
ductivity are given in Table X. Because 
of the uncertainty of the thermal con- wy 
ductivity of the ingot iron used as the 
reference material, it is estimated that __ 
the data are accurate to within +5 oll 
cent. 


TABLE X.—THERMAL CONDUCTIVITY 
AT VARIOUS TEMPERATURES.* 


80-10-10 85-5-5-5 Navy “M”’ 

Es | 50] 50 255 50 
& = a = a = a 
68...) 27.5 | 12.1] 41.6 | 18.3] 40.2 | 17.7. 
100...| 27.7 | 12.2) 42.4 | 18.6) 40.7 | 17.9 
150...| 28.8 | 12.6) 43.8 | 19.2) 41.7 | 18.3 
200...| 29.7 | 13.0) 45.2 | 19.8) 42.8 | 18.8 
250...| 30.6 | 13.4) 46.8 | 20.6) 44.0 | 19.3 
300...| 31.7 | 13.9) 48.5 | 21.3) 45.5 | 20.0 
350...| 32.8 | 14.4) 50.3 | 22.1) 47.3 | 20.8 
400...) 34.0 | 14.9) 52.5 | 23.1) 49.4 | 21.7 
450...| 35.4 | 15.6) 54.6 | 24.0) 50.4 | 22.1 


*Only one specimen was tested for each 
alloy. 


TABLE XI—MEAN LINEAR THER- 
MAL EXPANSION COEFFICIENTS FOR 
VARIOUS TEMPERATURE RANGES. 


Coefficient, 10-¢ in. per in. per deg 
Temperature Fahr 
Range, deg Fahr 


80-10-10 58-5-5-5 | Navy “M” 
68 to 150..... 9.88 9.75 9.27 
68 to 200..... 10.00 9.85 9.43 
68 to 250..... 10.11 9.95 9.60 
68 to 300..... 10.17 10.00 9.74 
68 to 350..... 10.25 10.04 9.84 
68 to 400..... 10.30 10.06 9.95 
68 to 450.....| 10.35 10.16 10.08 
68 to 500..... es 10.15 
68 to 550..... 10.25 


@ Only one specimen was tested for each alloy. 
Thermal Expansion: 


Linear thermal expansion of the three 
alloys was measured on cylindrical speci- 
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mens, 3’ in. in diameter and 3 in. long. 
The specimen was placed in the bottom 
of a quartz tube positioned in a vertical, 
electrically heated furnace. A quartz rod 
rested on the specimen and extended 
through the top of the furnace, where it 
activated a dial indicator. Before each 
determination was started, the quartz 
tube containing the specimen was evacu- 
ated to a pressure of about 3 X 10-° mm 
of mercury to prevent oxidation, as well 
as to minimize heat loss by convection. 
The maximum heating and cooling rates 
were approximately 5F per min. The 
sensitivity of the dial gage was 0.0001 
in. 

Table XI gives the mean linear ther- 
mal expansion coefficients of each alloy 
over the temperature ranges of 68 to 
150 F and 68 to 550 F. These coefficients 
are estimated to be accurate to within 
+2 per cent. 


, The authors are grateful to the Brass 
and Bronze Ingot Inst., the sponsor of 
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made at this temperature. 


temperature. 


under certain conditions. 


This paper presents the creep and 
creep-rupture data for the same three 
cast copper-base alloys discussed in a 
companion paper.’ The creep evaluation 
was conducted at Battelle Memorial In- 
stitute as a part of a continuing research 
program sponsored by the Brass and 
Bronze Ingot Inst. (BBII). The work was 
initiated by the BBII to provide accurate 
determinations of various physical and 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Chief High-Temperature Metals Research 
Division and Nonferrous Metallurgy Division, 
respectively, Battelle Memorial Institute, 
Columbus, Ohio. 

2J. G. Kura and R. M. Lang, “Mechanical 
and Physical Properties of Three Low-Shrink- 


THE CREEP PROPERTIES OF THREE LOW-SHRINKAGE, 
COPPER-BASE CASTING ALLOYS* 


SYNOPSIS 


A creep evaluation was conducted on cast specimens of 80-10-10, 85-5-5-5, 
and Navy “M” alloys at 350, 450, and 550 F. Most of the tests were con- 
ducted for a period of 2000 hr. At one temperature for each alloy, the creep 
tests were carried out to 10,000 hr duration. Creep-rupture tests were also 


At 350 F, the highest creep resistance was exhibited by Navy “M” alloy. 
At 450 F, the Navy “M” and 85-5-5-5 alloys were about equal. Navy ““M” and 
85-5-5-5 alloys were also about equal in creep resistance at 550 F, but the 
Navy “‘M” alloy appeared to be more stable than the 85-5-5-5 alloy at this 


Short-time, room-temperature tension tests were made on creep-tested speci- i 
mens to determine the residual tensile properties after the long-time exposure 
to stress and temperature. The results of these tests indicated that creep ex- 
posure produced a moderate increase in yield strength for all three alloys, re- 
gardless of the specimen’s previous history. The ultimate tensile strength and 
ductility, however, showed significant deleterious effects from prior exposure 


mechanical properties, including creep, 
of sound test bars from good-quality 
melts of the 80-10-10, 85-5-5-5, and 
Navy “M” alloys. In the past very few 
creep and creep-rupture data have been 
available for these casting alloys (1, 2).* 
The authors are indebted to the BBII 
for permission to publish the results of 
this work. 

Details of the foundry practice used 
in preparing and establishing the quality 
of the melts, as well as the various 
physical and mechanical properties, 
other than creep, are given in the com- 


3 The boldface numbers in parentheses refer 


age, Copper-Base Casting Alloys,” p. 775 to the list of references appended to this paper, 
this publication. see p. 804. 
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panion paper. The specimens for the 
creep portion of the program were 
machined from Double Horizontal Full- 
Web type test-bar castings. This test-bar 
casting (Fig. 2 of ASTM Recommended 
Practice: B 208-—54),4 is recommended 
by the ASTM for low-shrinkage alloys. 

Table I gives the range of chemical 
composition for the castings tested. The 
ASTM has designated the following 
specifications for these alloys: 80-10-10, 
ASTM Specification B 144—-52,° alloy 
3(A); 85-5-5-5, ASTM Specification 
B 62 — 52;§ Navy “M,” ASTM Specifica- 
tion B 143-52,’ alloy 2(A). The chem- 
ical analyses of all castings were well 
within the ASTM specifications. 


The specific test temperatures used were 
as follows: 


Temperature, 
Alloy deg Fahr 


“Creep-rupture tests and a 10,000-hr test 
were made at this temperature. 


The stress to produce a creep rate of 
0.00001 per cent per hr, along with 
four fifths of the stress to produce rup- 
ture in 100,000 hr, is used by the ASME 
Boiler and Pressure Vessel Code Com- 
mittee as a basis for establishing maxi- 
mum allowable stresses for nonferrous 
materials in the temperature range where 


TABLE I.—CHEMICAL COMPOSITIONS FOR 80-10-10, 85-5-5-5, AND NAVY “M” ALLOYS. 


Composition, weight per cent 


Alloy 
Copper | Tin | Lead 


Zine Iron 


Antimony Nickel Phosphorus 


80-10-10% | 79.00 to 79.75 | 9.19 to 9.54 | 9.86 to 10.38 | 0.26 to 0.29 | 0.01 to 0.02 | 0.23 to 0.26 | 0.42 to 0.46 | 0.005 to 0.01 
85-5-5-5® | 84.78 to 85.13 | 4.32 to 4.48 | 4.86 to 5.33) 4.11 to 4.85 | 0.10 to 0.12 | 0.16 to 0.17 | 0.66 to 0.68 | 0.006 to 0.014 


av 
ba fi 87.19 to 88.42| 5.5 to 5.90| 1.30 to 1.46 | 3.82 to 4.70 | 0.06 to 0.10 | 0.13 to 0.15 | 0.53 to 0.56 | 0.009 to 0.013 


@ The range given is the spread in analysis of all castings tested. 


The program on creep and creep-rup- 
ture testing was carried out within the 
temperature range of 350 to 550 F. The 
test temperatures used were selected on 
the basis of the creep strengths exhibited 
by the various alloys as the evaluation 
program developed. An attempt was 
made to select the highest temperature 
at which useful data for service applica- 
tion might be obtained for edch alloy. 


Recommended Practice for Tension Test 
Specimens for Copper-Base Alloys for Sand 
Castings (B 208-54), 1955 Book of ASTM 
Standards, Part 2, p. 345. 

5 Specification for High-Leaded Tin-Bronze 
Sand Castings (B 144-52), 1955 Book of 
ASTM Standards, Part 2, p. 233. 

® Specification for Composition Brass or 
Ounce Metal Castings (B 62 - 52), 1955 Book 
of ASTM Standards, Part 2, p. 119. 

7 Specification for Tin-Bronze and Leaded 
Tin-Bronze Sand Castings (B 143 - 1955 
Book of ASTM Standards, Part 2, 


significant creep occurs. Previous ex- 
perience has indicated that the creep 
strengths for a creep rate of 0.00001 per 
cent per hr are usually lower than the 
100,000-hr rupture strengths and are 
much more easily determined. Therefore, 
the principal criterion in the present 
investigation was creep strength, and 
tests were made to determine the stress 
to produce a creep rate of 0.00001 per 
cent per hr for each alloy at the tem- 
peratures indicated above. 
Creep-rupture tests were made to 
determine the stress to produce rupture 
in 1000 hr at one temperature for each 
alloy. A few rupture tests were also 
made at other temperatures. One long- 
time creep test of 10,000 hr duration 
was made for each alloy at the same 
temperature as the rupture tests. 
Second-stage creep rates can be deter- 


\ 
| 


mined just as well from 2000-hr creep 
tests as from 10,000-hr tests, assuming, 
of course, ihat second-stage creep is 
reached in less than 2000 hr. The pur- 
pose of the 10,000-hr creep tests was 
(a) to give an indication of the long-time, 
high-temperature stability of the alloys, 
(b) to obtain long-time data for 0.1 per 
cent plastic strain, and (c) to obtain 
long-time data for the time of transition 
to third-stage creep. For this purpose, 
it was believed that long-time creep 
tests would yield more useful data than 
would 10,000-hr rupture tests for the 
same expenditure of time. This belief 
was confirmed by the data obtained. 


0.6" 0.584 


[3 diam 
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some small amount of plastic strain in a 
given time, for example, 0.1 or 0.2 per 
cent plastic strain in 1000 hr. Of course, 
long-time creep data are still needed in 
the design of equipment intended for 
long-time service at high temperatures. 
Both the short-time and the long-time 
creep data can be conveniently presented 
as isochronous stress-strain curves, as 
has been done in this paper. 


EXPERIMENTAL WoRK 
Test Equipment and Method of Test: 
The creep and creep-rupture tests were 
made in standard Battelle creep-testing 
machines. These machines load the spec- 


\ 


— 
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Fic. 1.—Creep and Creep-Rupture Test Specimen. 


Both creep data and creep-rupture 
data are useful in the design of equip- 
ment intended for long-time service at 
elevated temperatures. Creep data are 
most useful in the design of long-time 
equipment, such as steam-generation 
equipment, where most of the deforma- 
tion is expected to take place by creep 
during a service lifetime of 20 yr or 
more. 

Stress-rupture tests were employed ex- 
tensively in the early nineteen forties to 
evaluate high-temperature alloys and to 
supply design data for short-time applica- 
tions, such as for jet engine parts. At the 
present time, data from the more refined 
creep-rupture tests are being used for 
evaluation and design for relatively short 
lifetimes. In addition to requiring data 
on the stresses to produce rupture in 
100 or 1000 hr, designers are now re- 
questing data on the stresses to produce 


16 
poe 


imen by means of a 9 to 1 lever arm. The 
specimen is contained in a 6-in.-diameter 
electric furnace wound with 14-gage 
Chromel-A wire and insulated with 
Sil-O-Cel. 

The desired test temperature is main- 
tained in the creep furnace to within 
+2F by means of either a Tag Celec- 
tray Controller equipped with a throt- 
tling mechanism for closer control, or a 
Foxboro Controller to which an antici- 
pating device has been added to im- 
prove the temperature control. The test 
temperatures are checked daily with a 
semiprecision potentiometer and ad- 
justed, if necessary. The creep and creep- 
rupture tests were conducted in accord- 
ance with ASTM Recommended Practice 
E 22- 41,8 except that closer tempera- 

8 Recommended Practice for Conducting 
Long-Time High-Temperature Tension Tests 


of Metallic Materials (E 22-41), 1955 Book of 
ASTM Standards, Part 1, p. 1612. 
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TABLE II.—DETAILED CREEP AND CREEP-RUPTURE DATA. 


a * Rupture time. 


adjacent creep machine. 


adjacent creep machine. 
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/ Discontinued because plastic strain on loading was higher than desired. 


ton Creep Rate Stave Creep 
T Initial | Total Elonga- | 
stres, | Duration, | Jaital | otal | on 
deg Fahr per cent] per cent | d Final, astic! ner cen 

Load, |Stage, pet | Per cent Time, hr 

per *) cent hr per hr cont 

cent 

80-10-10 ALLoy 
350... .| 30.0 17.5% |15.0 18.2 | 23.1 
350....| 20.0 2 022 3.30 | 5.17 0. 270)0. 00036 0.00036 | >2022 ree 
350... 15.0 2 016 0.550) 0.878 (0. 1580. 000070 0.000070' >2016 
350... 12.0 1 827 0.163) 0.235 (0. -000020'0.000020| > 1827 
450....| 20.0 50° 3.4 (0.065 7.6 9.1 
450....| 17.0 2702 2.0 0.0043 230 | 3.8 5.5 5.8 
450....| 16.0 564° 0.95 '0.0020 450 | 2.4 3.5 5.6 
450....| 12.0 1 514 0.182) 0.575 >1514 
450... 10.0° 2 015 0.100} 0.428 \0.106 0.000045 >2015 
450... 8.0° | 10 024 0.099) 0.358 poem 0.000015/0.000030 6700 | 0.16 
550... 8.0 625 0.098) 0.559 |0.0490.00047 |0.00115 200 | 0.17 
550... 6.5 1 224 0.076) 0.718 0.072'0.00032 |0.00074 325 | 0.12 
550....} 5.0 2 020 0.047; 0.544 0. 052/0.00019 0.00026 | 1100 | 0.25 
550... 3.0° 2 021 0.037) 0.137 |0. 0330. 000040/0. 000040 >2021 
85-5-5-5 ALLoy 
350....| 28.0 |20.4 |... | 21.9 | 22.2 
350....| 24.0 717 13.8 13. 89 0. 2420. 00010 (0. 00010 >717) Pee ia 
350... 20.0 1 015 7.86 9.45? |0.212'0.00007 0. 00007 | >1 015) 
350... 12.0 1 533 0.446) 0.477/0.121/0.000010}0.000010) >1 533 
350....| 11.0 1 800 0.225 >1 800 
450....| 20.0 52° 7.95 0.0145 | 16.6 
450... 17.5 259° 5.02 (0. 0022 162) 5.5 8.2 | 13.8 
450....| 15.5 1 083° 2.75 0. 00063 6.7 | 13.5 
450... 15.5 532° 1.84 0.152) eax 
450... .| 12.0° 2 022 0.495) 0.650/0.121/0.000020 0.000020) >2 022 
450....| 10.0} 10 000 0.142) 000 
550... 11.0 412¢ 0.265 0. 0002 280) 0.27] 3.1 6.7 
550... 10.0 744° 0.158) ... 0. 000105 625| 0.16) 1.8 6.5 
550... 8.0° 2 018 0.102; 0.168)/0. 0900. 000024 0. 000024; >2 018) ... 
Navy “M” ALLoy 

350....| 30.0 717 | 19.0 |0.392/0.00015 00025 350 |18.50 
350....| 20.0 917 6.59 8.82* 0.210:0.00004 0.00004 
350....| 15.0 1 847 1.86 1.90 0. 1380. 0000070. 000007, > 1847 
350... 12.0 1 533 0.204, >1533 
450....| 15.0 94f 2.538) 2.67 |0.165 
450... 13.0 2 018 1.134) > 2018 
450... 12.5 1 200 0.256 0.3160. 1160. 000025 0.000025) > 1200 
450... 12.0° 2 009 0.360) 0.43310. 000013' > 2009 
550....| 20.0 2.8%; 6.48 9.0 13.1 
550... 15.0 582 1.65 \0 .087 5.4 14.4 
550... 12.0 852° ... ... |0.00024 650 | 0.41) 3.6 6.1 
550... 10.0° 2 181 0.105 1100 | 0.10) ... 
550... 8.0 1 176 0.076, 0.121 >1176 | ... 
550... 7.0° 10 000 0.067, 0.4050. 078)/0.( 000017)0. -000067 2500 | 0.06 


_»A room-temperature tensile test was made on this specimen after creep testing. 
* Discontinued because of high strain resulting from failure in an adjacent creep machine. 
4 Total strain includes 1.41 per cent which resulted from the rupture of a test specimen in an 


* Total strain includes 2.04 per cent which resulted from the rupture of a test specimen in an 
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Fic. 2.—Stress versus Creep Rate and Stress versus Rupture Time. 


ture control than specified by E 22-41 
was maintained. 


attached to opposite ends of the gage 
length of the specimen. One of these 


A small window is provided at both 
the front and back of the heating fur- 
nace, through which the creep of the 
test specimen is measured optically by 
means of two platinum-strip extensom- 
eters and a filar microscope. Each exten- 
someter consists of two 0.005-in. thick 
strips of platinum-rhodium foil that are 


strips slides within the folded-over edges 
of the other one. The polished surfaces 
of the strips are scribed with a series of 
fine reference marks. Two of these refer- 
ence marks, one on each strip, are 
chosen, and the distance between them 
is measured with the filar microscope 
periodically during the test. The creep 
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of the specimen is determined by meas- 
uring the change in the distance between 
the reference marks on the two platinum 
extensometer strips. Two observers read 
each test, and the average value of their 
strain measurements from the two ex- 
tensometers is used in plotting the creep 
of the test specimens. 


TABLE II—SUMMARY OF CREEP 
AND RUPTURE STRENGTHS FOR 
80-10-10, 85-5-5-5, AND NAVY “M” ALLOYS. 

Rupture 
Creep Strength, Strength 
ksi ksi 
Tem- 
joy 
= deg Creep | Creep 
Rate of |Rate of 
Fahr | 0.0001 | 100 | 1000 
per cent) per cent 
per hr | per hr 
350 | 10.4 | 15.9 | TP 
80-10-10..... 450 7.4 | 11.0 |18.8/15.0 
550 1.8 4.2 : 
350 | 12.5 | 22.3] ...| ... 
85-5-5-5..... 450 | 11.1 | 13.5 |19.015.4 
° 350 | 16.0 | 25.6 
550 6.2 | 10.2 14.3)11.7 


The filar microscope has a magnifica- 
tion power of 20X and is mounted on a 
vertical screw. The smallest division on 
its filar eyepiece is 0.00005 in., which, 
with a specimen of 2.3-in. gage length, 
is equal to 0.0022 per cent. 

The specimen used for both the creep 
and the creep-rupture tests is shown in 
Fig. 1. It is 7 in. long and 0.505 in. in 
diameter at the reduced section and has 
a 2.3-in. gage length. 

When making a test, the specimen and 
extensometer are assembled and placed 
in the creep machine. The assembly is 
heated in the furnace to the desired test 
temperature and held about 1 hr before 
load is applied to the specimen. The 


at 
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zero reading upon which all strain 
measurements are based is made at the 
test temperature with no load on the 
specimen. 


Test RESULTS 


The detailed creep and creep-rupture 
data are given in Table II and the creep 
rates and rupture times are plotted in 
Fig. 2. A summary of the creep strengths 
for creep rates of 0.00001 and 0.0001 
per cent per hr is given in Table III. 
The rupture strengths for rupture in 
100 or 1000 hr are also summarized in 
Table III. An examination of these data 
reveals several interesting facts about 
the various alloys. At 350 F, Navy “M” 
alloy exhibited higher creep strengths 
than did the other two alloys, but at 
450 F, the load-carrying abilities of alloys 
85-5-5-5, and Navy “M”’, as revealed by 
their creep resistance, appear to be 
about equal. This is also true at 550 F 
However, at 550F the 85-5-5-5 alloy 
showed a marked tendency to fail with 
a brittle fracture in relatively short 
times. The 85-5-5-5 alloy specimen 
tested at 550 F and 10,000 psi (Table 
II), which had a minimum creep rate of 
0.000105 per cent per hr, ruptured in 
744 hr with 1.8 per cent elongation. The 
test temperature of 550 F is only about 
70F below the melting point of the 
lead phase in the 85-5-5-5 alloy. There- 
fore, it is not surprising to observe that 
brittle failure occurs in relatively short 
times at 550 F. Navy “M” appears to 
be the best alloy for service at 550 F, 
but this is a very high temperature for 
any of these alloys. 


10,000-Hr Creep Tests: 


The 10,000-hr creep tests were made 
to obtain information on the _ high- 
temperature stability of the alloys. A 


| 
1 


summary of the significant data is given 
below: 


SIMMONS AND KurRA ON CREEP OF CoprpEeR-BASE ALLOYS 797 


points in Fig. 3 were obtained by select- 
ing 2000-hr creep tests and continuing 


Creep Rate, per cent per hr 
Tempera- 
Alloy ture, deg Stress, psi | 

Fahr | Plastic 

Second Stage Final Hr Strain, 
per cent 

ee 450 8 000 0.000015 0.000030 6 700 0.16 
85-5-5-5.......... 450 10 000 0.000003 0.000003 >10 000 >0.12 
ke 550 7 000 0.000017 0.000047 2 500 0.06 


These long-time tests demonstrated 
that the increase in the creep rate at the 
end of second-stage creep took place 
very slowly, and the transition point 
could not be determined by inspection. 
The transition points were selected ar- 
bitrarily by drawing a line on the time- 
deformation graph parallel to the mini- 
mum creep rate and 0.01 per cent above 
it. The intersection of this line with the 
creep curves was defined as the tran- 
sition point. 

Data for 0.1 and 0.5 per cent plastic 
strain, the transition points, and rupture 
times have been plotted in Fig. 3. These 
“design curves,” which extend out to 
fairly long times, give a relatively com- 
plete picture of the strength properties 
of the alloys at the temperatures for 
which the data are most complete. The 
shapes of the curves for the 85-5-5-5 
alloy at 450 F, in Fig. 3, are most nearly 
ideal, with the transition-point curve 
parallel and fairly close to the rupture 
curve. A material must always be used 
with caution under conditions of time 
or stress above the transition-point 
curve. Notice that the strain at the 
transition point decreases with an in- 
crease in time, as does the rupture 
strain. Thus, if failure occurs after very 
long times, it will occur at a low value 
of strain. 

The valuable low-stress data for 0.1 
per cent plastic strain and the transition 


them for 10,000 hr. If 10,000-hr rupture 
tests had been made instead of the 
10,000-hr creep tests, a rupture point at 
about 10,000 hr and a transition point at 
a much shorter time would have been 
obtained. Such data would not have been 
so useful for design purposes as the data 
that were actually obtained. Also, un- 
broken specimens exposed under stress 
for 10,000 hr would not have been 
available for the tests described in the 
last section of this paper. 


Comparison of Short-Time Yield Strength 
and Creep Strengths: 


The effect temperature has on (a) the 
yield strength at 0.5 per cent extension 
under load, (6) the creep strengths for 
0.00001 and 0.0001 per cent per hr creep 
rates, and (c) the strength for 0.5 per 
cent plastic strain in 1000 hr is shown 
for each of the three alloys in Fig. 4. 
These curves are helpful in determining 
the temperature at which creep becomes 
significant. They are particularly helpful 
when short-time properties may no 
longer be adequate for design purposes. 
Notice that at the lower temperatures 
the creep curves are above the yield 
strength curve, but at high temperatures 
the creep curves cross the yield strength 
curve and fall below it. The temperature 
at which the curve for a creep rate of 
0.00001 per cent per hr crosses the yield 
strength curve and lies beneath it may 
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Fic. 3.—Stress versus Time for Various Amounts of Plastic Strain. 


be considered as the temperature at 
which creep begins to become significant. 
However, if the design stress is based 
on some fraction of the yield strength 
for example, two thirds of it, the temper- 
ature above which the creep curve would 


10000 


control the design would be at the inter- 
section of a curve representing two 
thirds of the yield strength and the curve 
for a creep rate of 0.00001 per cent per 
hr. Thus, when designing on the basis 


of two thirds of the yield strength, it 


er, 
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may be possible to use short-time tensile 
data for a limited temperature range 
above that temperature at which creep 
becomes significant. However, even 
where this is possible, the creep data are 
needed to define the maximum tempera- 
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‘Fic. 4.—Stress versus Temperature for Yield 
and Creep Strengths. 


ture at which the short-time properties 
can be used. 

It may be helpful to outline briefly 
the basis used by the ASME Boiler and 
Pressure Vessel Code for establishing 
maximum allowable stress values for 
nonferrous materials. The following 
excerpt is from Appendix Q of Section 
VIII of the above code, “Rules for 
Construction of Unfired Pressure Ves- 
sels” (1956): 
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“Except for bolting materials, the maximum 
allowable stress values may be deter- 
mined as the lowest of the following 
when the tensile and yield strengths 
are obtained from standard short-time 
tests: 

“1. One fourth of the tensile strength 

as adjusted to minimum. 

“2. Two thirds of the yield strength (as 
defined in the material specification) 
as adjusted to minimum, 

“3. The stress producing a secondary creep 
rate of 0.1 CRU (creep rupture unit) 
or 0.1 per cent in 10,000 hr (0.00001 
per cent per hr). 

“4. Four fifths of the stress producing 
rupture in 100,000 hr. 

“The tensile and yield strengths are ad- 

justed to minimum by multiplying the 
test results by the ratio: 


“(Minimum specified or expected 
tensile or yield strength) ,, 


(Actual room-temperature tensile 
or yield strength for the lot 
of material under test) 


For an annealed material, the design 
stress at room temperature and at moder- 
ately elevated temperatures is usually 
based on the yield strength. For a mate- 
rial that has improved mechanical prop- 
erties due to cold work, the yield strength 
is increased to a greater degree than the 
tensile strength, and the design stress 
may then be based upon the tensile 
strength. However, castings normally 
are not cold worked prior to use. At 
temperatures within the creep range, 
where creep is significant or is the con- 
trolling factor, the design stress may be 
governed by either the rupture strength 
or the creep strength. As a rule, however, 
the lower stress values will be given by 
the creep-strength data. 


Isochronous Stress-Strain Curves: 


When sufficient data are available, the 
creep properties of a material can be 
illustrated by the use of isochronous 
stress-strain curves. These curves, shown 


| 
| 
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Fic. 5.—Isochronous Stress-Strain Curves for 80-10-10 Alloy. 
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Fic. 7.—Isochronous Stress-Strain Curves for Navy “M” Alloy. 
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in Figs. 5, 6, and 7 for the three alloys, 
have the familiar shape of conventional 
stress-strain curves but include the ef- 
fect of time. 

The curves are prepared by plotting 
total-deformation data from the creep 
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as the stress-strain curve from a con- 
ventional short-time tension test. 

From these curves, it is a simple 
matter to determine the total deforma- 
tion or strain to be expected at some 
given stress and time. Or, if the stress 


TABLE IV.—ROOM-TEMPERATURE, TENSION-TEST DATA ON UNBROKEN 
CREEP SPECIMENS. 


Yield | |% 
Creep-Test Conditions Strength, | 2 |< 
ae |a s io lm la |> 
Berore Creep |17.3/17.9|39.0/30 (24 /|11.6 
TESTING? 
60-10-10... 450 10.0 2 Uniformly gray 
8.0)10 024/21.4/22.4/27.2) 1.8) 4.1|10.7) Small amount of coppery area 
550) 3.0) 2 021/21 Uniformly gray 
Berore Creep |14.4|15.1/35.2/32 |12.4 
TEsTING* 
450)/12.0) 2 .2|13.2| Small amount of coppery area 
450/10.0)10 Small amount of coppery area 
550, 8.0) 2 018/16.0)16.8]19.0) 4.3] 9.4/10.0) Small amount of coppery area? 
a Berore Creep (13.1 
TESTING? 
Navy “M”’.. .4 450|12..0| 2 009/17 Uniformly coppery, granular 
550,10.0) 2 Uniformly coppery, some col- 
| umnar grains 
|| 550) 7.0.10 000/21.0)21.8/23.2) 3.0) 8.0)13.5| Uniformly coppery, columnar 


* Average values from 18 tests. 


+ Oxidized crack evident in the fracture. Low room-temperature tensile properties are the result 
of this crack, which was initiated during creep testing. 


© Under load. 


curves for various time periods of in- 
terest. These isochronous curves repre- 
sent the stress-strain relationship of a 
material at a constant temperature and 
for a given time period. The upper curve 
in Figs. 5, 6, and 7, marked “initial 
strain (0 time),”’ was obtained from the 
initial strain that occurred upon the 
loading of the creep test specimens. This 
curve should have the same shape, and 
‘should yield essentialiy the same data, 


to produce a certain plastic strain in a 
given time is desired, for example, 0.2 
per cent plastic strain in 2000 hr, a line 
drawn parallel to the modulus line 
through 0.2 per cent strain will yield the 
desired value at the intersection with the 
2000-hr curve. In Fig. 5, this value is 
13,000 psi for 80-10-10 alloy at 350 F. 
From the same figure, the stress to pro- 
duce 0.5 per cent plastic strain in 2000 
hr is 14,500 psi. 


* 
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Room-Temperature Tensile Properties of 
Specimens Subjected 1o Creep Testing: 


To determine the effect that long-term 
exposure to stress and temperature has 
on room-temperature properties, certain 
selected unbroken, creep-tested speci- 
mens were subsequently tested in short- 
time tension at room temperature. The 
specimens selected included the 10,000-hr 
test specimens for each alloy and a 
2000-hr test specimen at the same tem- 
perature. Another 2000-hr creep speci- 
men representing a second temperature 
was also tested. Thus, for each alloy, 
three specimens representing the two 
higher test temperatures were used to 
determine the residual tensile properties. 
The results of these tests are given in 
Table LV. 

Prior exposure to elevated tempera- 
tures during creep testing produced a 
moderate increase in yield strength for 
each specimen tested, regardless of its 
previous history. Ultimate _ tensile 
strength and ductility, on the other 
hand, showed significant effects of prior 
exposure. Alloy 80-10-10, after 2000 hr 
at 450 F, showed no significant change 
in ultimate strength. Ductility was re- 
duced significantly, by about two thirds, 
but was probably still adequate. After 
10,000 hr at 450 F, the ultimate strength 
was reduced considerably and the duc- 
tility was very low. After 2000 hr at 
550 F, the residual tensile properties 
were very similar to those for the speci- 
mens that had been at 450 F for 2000 hr. 

For the 85-5-5-5 alloy, neither the 
2000- nor the 10,000-hr testing at 450 F 
produced a significant decrease in room- 
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temperature tensile properties, although 
the ductility was down a moderate 
amount. The specimen that had been 
creep tested at 550F for 2000 hr had 
very low tensile properties at room 
temperature. An oxidized crack was 
present in the fracture. Apparently, 
this crack had formed during the creep 
testing and its presence was the cause of 
the low room-temperature tensile prop- 
erties. 

The Navy “M” alloy, after it had 
been creep tested at 450 F for 2000 hr, 
showed little change in ultimate strength 
or elongation. Both were decreased 
slightly. However, at 550F, both the 
2000- and the 10,000-hr creep specimens 
showed a marked decrease in both 
strength and ductility, but, on the basis 
of residual ductility, the useful service 
life of this alloy was not completely used 
up. 

The following conclusions may be 
drawn from the room-temperature ten- 
sile properties of the various alloys 
having the prior histories as given in 
Table IV. Alloy 80-10-10 had poor 
stability after 10,000 hr at 450 F, and 
poor stability would also be expected at 
550 F if exposed for longer times. With 
respect to retention of the original tensile 
properties that the alloy had at room 
temperature, the 85-5-5-5 alloy had good 
stability at 450 F for as long as 10,000 
hr, but was not suitable for long-time 
service at 550 F. Navy “M” alloy had 
adequate stability at 450 F, and some 
service life remained after 10,000 hr at 
550 F. 
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Ta 
Mr. V. P. WEAVER! (presented in writ- 
ten form).—Both the paper on “‘Mechani- 
cal and Physical Properties of Three 
Low-Shrinkage Copper-Base Casting Al- 
loys” and its companion paper “The 
Creep Properties of Three Low-Shrink- 
age, Copper-Base Casting Alloys” answer 
partially a long-felt need in the Subcom- 
mittee on Nonferrous Materials of the 
ASME Boiler and Pressure Vessel Code 
Committee for reliable data on which to 
base allowable design stresses. 

At the end of the introduction, men- 
tion is made that the first paper consti- 
tutes the first portion of a continuing 
program in which additional alloys will 
be studied. Could the authors at this 
point disclose any further details on just 
what will be the additional alloys? 

In Fig. 4 of the first paper the dual 
curves for yield strength at both 0.5 per 
cent extension under load and 0.2 per 
cent offset will be of particular value in 
controversial discussions concerning the 
merits of the two methods. 

Mr. D. L. LAvet_e.*—The Brass and 
Bronze Ingot Inst. and the authors are 
certainly to be commended for the work 
reported upon in these papers. A state- 
ment that appears in the introduction to 
the first paper is worth emphasizing: 


‘Although data on some of the mechanical 
and physical properties of these alloys are 
available in the literature, the authenticity 
of these data is not precisely known.” 

1 Metallurgical Engineer, The American 
Brass Co., Waterbury, Conn. 

2? Research Department, Am. Smelting and 
Refining Co., South Plainfield, N. J 


This is a masterful understatement. It 
is remarkable that we have come as far 
as we have in copper-base alloy technol- 
ogy without accurate and reliable deter- 
minations of these properties. I would 
like to point out that some of the proper- 
ties differ from the published values, and 
that it would seem well for the ASTM 
to reevaluate the previous published 
data. 

Mr. J. G. Kura (author)—Mr. La- 
velle’s comments are well made. Tech- 
nology has moved along and it was timely 
to consider whether the values given in 
various reference sources were represent- 
ative of today’s technology. 

The work that is being reported now is 
part of a continuing program. Additional 
commercial alloys are under the same 
type of investigation. In reply to Mr. 
Weaver, the next group of alloys com- 
prises two manganese bronzes, ASTM 
Specifications B 147 — 52, 8A and B 147 
52, 8C; leaded semi-red brass, ASTM 
Specification B 145-52, 5B; leaded 
nickel-silver, ASTM Specification B 149 
52, 11A; and silicon brass, ASTM Speci- 
fication B 198 — 52, 13B. 

Mr. L. A. Rice.*—I am particularly 
interested to know whether work is con- 
templated in a range at somewhat lower 
temperatures and somewhat lower values 
of creep. There seems to be an absence of 
data in the area where creep is incipient. 
Data would be particularly useful in in- 
strument type applications where creep 
must be reduced to the vanishing point. 


Division, General Motors 


Anderson, Ind. 


3 Deleo-Remy 
Corp., 
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Mr. W. F. Smumons (author)—At the 
present time the maximum interest ap- 
pears to be in obtaining data of the type 
needed by the Boiler Code Committee 
for the determination of maximum allow- 
able stresses. For this purpose, short-time 
yield and tensile strength data are needed 
as well as the creep and rupture data. 
The data obtained in this investigation 
indicate that at low temperatures, say 


5000 psi. Etched in FeCl;-HCl (500). 


below 300 F, the allowable stresses will 
be determined for the short-time data, 
and that when the creep stresses are low 
enough to avoid excessive initial strain 
the creep rates will be very low. Early in 
this program, when we were exploring 
the field to decide at what temperatures 
these alloys should be evaluated, we 
made a few creep tests at 250 F, and for 
all three alloys we found that at stresses 
below the proportional limit the creep 
was nil. However, as long as our primary 
interest is in determining data for Boiler 
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Fic. 1.—Structure of the 80-10-10 Alloy After Creep Testing for 2020 hr at 550 F at a Stress of 
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Code use we will be determining creep 
rates of the order of 0.00001 per cent per 
hr, one of the criteria of the Boiler Code 
Committee. 

Mr. J. S. Vanicx.*—Several years ago 
Edwards® of the Canadian Bureau of 
Mines reported upon some short-time 
elevated temperature tests on several tin 
bronzes. One of them, an “M” metal 
type, when tested at 650 F developed 


weakness and low ductility of an order 
corresponding to the values shown in 
Table IV for the tests on ““M” bronze 
after the creep test exposure. 

In tests on tin-bronzes containing more 
than 3 per cent of nickel, a low elonga- 
tion occurs, but the cold strength is sub- 


stantially increased and the hot strength 
4 Metallurgist, International Nickel 
Inc., New York, N. Y. 
5J. O. Edwards, ‘“Short-Time Elevated 
Temperature Properties of Three Copper-Base 
Casting Alloys,” 59th Annual Meeting, Am. 
Foundrymen’s Soc., May, 1955. 


Co., 


1 
] 
— 


is almost twice as great as that obtained 
for Navy ““M” metal. These 5 per cent 
nickel, 5 per cent tin bronzes are precipi- 
tation hardening, and their behavior can 
be accounted for through our belief that 
a nickel-tin-copper phase is precipitating 
and lending a hardening and strengthen- 
ing effect to the heat-exposed material. 
We have been careful to call attention 


Joint Discusston ON Copper-Base ALLOYS 


807 


creep tested for 10,000 hr and subse- 
quently tested at room temperature were 
discarded. Therefore, other bars that had 
been tested in creep were examined. 

A structural change was found to have 
occurred to some extent in all three of 
the alloys tested in creep. When com- 
pared with the as-cast structure, a con- 
siderable change occurred in the 80-10-10 


TABLE I.—STRUCTURAL CHANGES IN ALLOYS TESTED. 


to this deterioration in ductility. The 
strength in the nickel-tin bronze is sub- 
stantially increased, almost doubled. 
Do the authors have any evidence of 
microscopic segregation or precipitation 
that would explain the instability of ““M” 
bronze or depreciation in properties? 
Mr. Kura.—Metallographic examina- 
tions were made to answer Mr. Vanick’s 
questions whether struetural changes 
were observed that could account for the 
instability of the Navy “M” alloy. Un- 
fortunately, the few bars that had been 


Prior History 
Test Microstructure 
Alloy ture, deg |Stress, ksi | Duration, 
ahr hr 
ub As-cast Large lead particles and delta dispersed 
throughout an alpha matrix. 
oe 350 20.0 2022 Some eutectoid structure around the surface 
of the lead and delta particles. 
550 5.0 2020 A large amount of eutectoid structure and a 
large amount of precipitated epsilon phase 
dial (see Fig. 1). 
; 7 Small lead particles scattered throughout the 
1 As-cast alpha matrix and a few particles of delta 
phase. 
450 13.0 2018 A large amount of eutectoid structure present 
around the lead particles. 
? : a 550 8.0 1176 Considerable amount of eutectoid structure. 
= ot > Fewer unreacted lead and delta particles. 
Considerable amount of discontinuous 
ay ta epsilon along grain boundaries. 
— wo As-cast Lead particles in an alpha matrix with a few 
oe delta particles present. 
acai. { 350 11.0 1800 | Same as the as-cast structure. 
550 10.0 744 | Very small amount of the eutectoid structure. 
Some precipitate of epsilon at the grain 
boundaries. 


alloy at 550 F. The structural change was 
less marked in the Navy “M7” alloy at 
450 F. Only a small change occurred in 
the 85-5-5-5 alloy at 550 F. 

The photomicrograph in the accom- 
panying Fig. 1 shows the structure of the 
80-10-10 alloy after creep testing for 2020 
hr at 550 F under a stress of 5000 psi. It 
is typical of the type of structural change 
that occurred in all three alloys. The 
metastable copper-tin matrix has under- 
gone the alpha-epsilon eutectoid reaction 
to form a eutectoid structure in some 


= 
a 
2. 
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areas. Bolton® found a similar eutectoid 
reaction in the 88-10-2 alloy. In other 
areas of our alloy, particles of epsilon ap- 
pear to have precipitated during creep 
testing. The eutectoid reaction occurred 
at the periphery of the lead, and the 
edges of the delta particles became jag- 
ged. The delta particles became partially 
or completely consumed. The attack on 
the lead particles could be (1) a ternary 
eutectoid reaction, (2) a eutectoid reac- 
tion of a system more complex than a 
ternary, or (3) the reaction of the tin in 
the matrix with the lead particles. The 
formation of the eutectoid structure may 
explain the depreciation of properties 
since such a structure usually imparts 
TABLE II.—RESULTS OF TENSION TESTS 
ON UNBROKEN CREEP SPECIMENS. 


| strength, | Elomea- 
cent 

88-10-2 Gunmetal.......... 8.0 to nil to 
16.2 6.0 

86-7-5-2 Gunmetal......... 7.2to | nilto 
14.1 7.0 

85-5-5-5 Gunmetal......... 8.6to | 3.0 to 
13.3 5.0 


higher strength with some sacrifice in 
ductility. 

A description of the structural changes 
in some specimens of the three alloys is 
presented in the accompanying Table I. 

The relative amount of eutectoid struc- 
ture in these three alloys can be corre- 
lated with their tin content. The 80-10-10 
alloy contains about 9 per cent tin. The 
as-cast alloy is supersaturated with tin 
and is metastable. At 350 F and under 
stress, some eutectoid reaction occurs 
and part of the delta phase decomposes 
to alpha and epsilon. At 550 F, consider- 
ably more eutectoid reaction has oc- 
curred. The Navy ““M”’ contains about 6 
per cent tin. It also is metastable but is 


6 J. W. Bolton, ‘“‘SSome Tests on Tin Bronzes 
at Elevated Temperatures,’ Proceedings, Am. 
Soc. Testing Mats., Vol. 35, Part II, p. 204 
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less supersaturated. Less eutectoid reac- 
tion occurred during creep testing. The 
85-5-5-5 alloy contained about 4.5 per 
cent tin. It was near the alpha and alpha- 
epsilon phase boundary, at 550 F. There- 
fore, it was stable and no eutectoid reac- 
tion occurred except at a few areas in 
which the tin content may have been 
slightly higher probably as a result of 
coring. A few particles of delta, present 
because of inhomogeneity, could decom- 
pose by the eutectoid reaction or go into 
solution during creep testing. Thus, the 
amount of eutectoid depends primarily 
upon the tin content. The nickel, zinc, 
and lead content undoubtedly shift the 
equilibrium composition and tempera- 
ture of the eutectoid. 

Messrs. F. Hupson? AND MANTLE (by 
letter)—In some work in which the 
British Non-Ferrous Metals Research 
Assn. and the Mond Nickel Co. are col- 
laborating there appeared to be little 
difference in creep properties between 86- 
7-5-2 and 85-5-5-5 gunmetals at tempera- 
tures in the range 450 to 550 F. However, 
our investigations did not indicate that 
the 86-7-5-2 alloy was more stable at ele- 
vated temperatures than 85-5-5-5. 

Tension tests conducted on unbroken 
creep specimens gave the results shown 
in the accompanying Table IT. 

While in some cases there was a reduc- 
tion in tensile strength compared with 
the average strength before test, practi- 
cally all the specimens which had been 
creep tested for long times suffered 
marked reduction in ductility. All three 
alloys suffered this reduction to about 
the same extent. 

The conclusions reached in terms of 
stress to produce 0.1 per cent plastic 
creep strain in 10,000 hr for the com- 
mercially produced materials were as fol- 
lows: 


7 Metallurgist, The Mond Nickel Co., Ltd., 
London (England). 

8 Metallurgist, British Non-Ferrous Metals 
Research Assn., London (England). 


_ 1. At 450 F the material with the high- 
est resistance to creep is the 88-10-2 al- 
loy followed closely by the 85-5-5-5 al- 
loy; 

2. At 500 F the material with the 
highest resistance to creep is the 85-5-5-5 
alloy followed by the 86-7-5-2 alloy; and 
TABLE III.—CHARPY V IMPACT 

ENERGY, FT-LB. 


Temperature, deg Fahr 


85-5-5-5 Navy “M”’ 
13 20 


than the others at the highest test tem- 
peratures and is not much less creep re- 
sistant than the others at lower tempera- 
tures. 

We believe that an alloy in which 3 
per cent of nickel replaces equal amounts 
of tin, zinc, and lead will produce an im- 
proved composition with better creep 
properties than any of the alloys re- 
ported upon. An alloy of this type would 
also be less sensitive to the effect of sec- 
tion thickness and produce stronger cast- 
ings on a commercial basis. 

Mr. Siwmons.—The discussion by 
Messrs. Hudson and Mantle indicated 


TABLE IV.—SUPPLEMENTARY RUPTURE DATA FOR 80-10-10, 85-5-5-5, 


AND NAVY “M” ALLOYS. 


Temperature,| : Rupture | Elongation Reduction, 
Specimen Number deg Fahr || Stress, ksi Time, hr per cent pda per cent” 
per hr 
- 
80-10-10 Alloy: 
450 27.5 0.9 | 14.0 16.3 
550 13.5 145.7 2.2 4.3 0.0062 
85-5-5-5 Alloy: 
350 25.5 235° 13.51¢ 0.0020 
450 28.0 0.5 26.3 14.1 
550 15.5 7.3 7.0 3.4 0.066 
Navy “M”’: 
350 35.0 36.0 34.2 34.8 
350 32.0 211¢ 
450 21.0 208" 10.04 0.0016 


Test discontinued. 

» Elongation after 213 hr. 
© Elongation after 160 hr. 
4 Flongation after 180 hr. 


3. At 550 F the material with the high- 
est resistance to creep is again the 85-5- 
5-5 alloy with little to choose between 
the other two alloys. 

For materials produced under labora- 
tory controlled conditions the creep re- 
sistance of the 85-5-5-5 alloy is again 
greater than that of the 86-7-5-2 alloy at 
550 F. 

In more general terms, the 85-5-5-5 
alloy is considerably more creep resistant 


that they found little difference in the 
stability of 85-5-5-5 and 86-7-5-2 al- 
loys. Also, we found little difference in 
the long-time stability of the three alloys 
tested in this investigation. However, our 
data give Navy “M” alloy a slight edge 
strengthwise. This alloy had better rup- 
ture properties than 85-5-5-5 alloy at 
550 F. The two “rupture” tests of 85-5- 
5-5 alloy at 550 F, 11,000 and 10,000 psi, 
started out to be creep tests, but they 
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TABLE V.—REVISED RESULTS OF 
CREEP-RUPTURE TESTS. 


=i, 
= 
Copprer-BAsE ALLOYS | 


creep testing, and undoubtedly would 
have resulted in premature failure. 


Tempera- | Rupture Strength, ksi On the other hand, none of the Navy 
Alloy ture, deg “M” alloy specimens tested at 550F 
Fabr 100 hr 1000 hr 9 
| showed “brittle” rupture failures. It 
350 28.9 Oo. should be emphasized that 550F is a 
80-10-10........ 450 18.8 | 15.0 very high temperature for either of these 
550 18.9 ods leaded alloys. 
350 26.6 m\ I might mention a recently published 
85-5-5-5......... = British article, “Creep Properties of 
, = Three Copper Alloys” by J. McKeown 
350 33.1 and R. D. S. Lushey, Metal Industry, Vol. 
Navy “M”...... 450 | 22.2 --- 92, No. 17, pp. 327-329, April 25, 1958. 
550 14.4 11.7 A 
his article includes some data for 85-5- 
100 000 hr 
\\ 10 000 hr 
300 N CT 000 hr 
o 
400 /0 hr - \ 
5 
a 
500 
Time-Temperature Parameter ! 
Relationship 
600 000 ; 
80 000 
60000 - 
a Navy'M" t 
o 
° 85-5-5-5 - 
L-M Master Curves 
a 
'0000 
8 000 
6000 
6 8 10 12 14 16 18 20 _ 
P=T log t) x 10-3 
Fic. 2.—Larson-Miller Master Rupture Curves and Time-Temperature Parameter Relationship 
for Three Cast Copper-Base Alloys. 
broke with brittle failures. The creep test 5-5 alloy from cast } in.-thick plate. This 
of 85-5-5-5 alloy at 550 F and 8000 psi, cast plate has lower strength and ductil- 
which ran for 2000 hr, showed an oxidized __ ity than our castings. Their creep rates 
crack when it was pulled in tension after at 400 F were about the same as ours at 
creep. This crack had formed during 450 F. 


Jotnt Discussion ON 


Mr. E. A. LAnce® (by letter) —The 
Charpy V-notch impact properties of 
two of the alloys discussed in the papers 
were investigated at the U. S. Naval Re- 
search Laboratory to —300 F. It is in- 
teresting to note the good agreement be- 
tween the values obtained in the two 
investigations. The Charpy V-notch test 
bars were cut from 1 in. thick plate cast- 
ings which would have cooling rates com- 
parable to those for the castings used in 
the subject investigation (accompanying 
Table IIT). 

The Charpy impact energy values for 
the two bronzes are low when compared 
with values for most ferritic steels tested 
above their transition temperatures. 
However, these two bronzes do not be- 
come notch brittle at low temperatures, 
and their fracture characteristics are es- 
sentially the same over a wide range of 
low temperatures. 

Mr. Simmons (author's closure) — 
Since the time that this paper was pre- 
sented we have made several additional 
creep-rupture tests on all three alloys. 
The results of these tests are given in 
the accompanying Table IV. The rupture 
data from these tests permit a more com- 
plete tabulation of the stresses required 


® Head, Casting Section, Metallurgy Division, 
U.S. Naval Research Laboratory, Washington, 
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to produce rupture in 100 or 1000 hr than 
was given in Table III of the paper. The 
revised tabulation is given in the accom- 
panying Table V. 

One of the purposes in making these 
additional tests was to obtain a minimum 
of rupture data to permit an evaluation 
of the usefulness of the Larson-Miller 
parameter’? as applied to these cast cop- 
per-base alloys. 

The results indicated that the value of 
C in the parameter P = T(C + log 2) 
was not constant over the ranges of tem- 
perature, stress, and time of interest for 
these alloys. Therefore, the parameter 
method did not offer any advantages over 
the conventional methods of plotting the 
data when a high degree of precision is 
desired. However, when a qualitative 
comparison of the rupture strengths of 
the various alloys is desired, the Larson- 
Miller curves offer a real advantage over 
the conventional methods of handling the 
data. The accompanying Fig. 2, which 
contains an approximation of all of the 
rupture data for all three alloys in a 
single graph, is an example of this ad- 
vantage. Figure 2, however, is not rec- 
ommended as a source of design data. 

10F. R. Larson and James Miller, “A Time- 
Temperature Relationship for Rupture and 
Creep Stresses,’’ Transactions, Am. Soc. Me- 


chanical Engrs., Vol. 74, No. 5, pp. 765-775, 
July, 1952. 
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THEIR CREEP RESISTANCE* 


Ropert B. CLAPPER!” 


SYNOPSIS 


The short-time creep resistance of some new elevated-temperature mag- 
nesium alloys were studied to show the effect of time (5 sec to 3 hr) at test 
temperatures prior to testing. Rapid heating methods were used in this in- 
vestigation, and automatic-recording techniques were employed. For total 
extensions of 0.5 per cent, the materials given the shorter soaking times of 5 
sec are shown to have equal or better short-time creep resistance than those 
given the 3-hr soaking time. The effect of heating rates on short-time creep 
resistance is also discussed. The data are presented in the form of isochronous 
stress-strain curves to facilitate their use in design. 


Short-time creep data have assumed 
importance as design criteria for aircraft 
and missile structures subjected to aero- 
dynamic heating. Smith (1)? has used 
temperature-yield curves to study the 
effects of heating rates on materials. 
Kattus and Dotson (2) showed limiting 
creep-strain curves for a given stress by 
plotting temperature versus time after 
rapid heating. Goldin (3) points out that 
cold-structure instability analyses re- 
quire only the complete stress-strain 
curve, but ieated structures require the 
time and temperature parameters which 
are supplied by isochronous _stress- 
strain curves for the material being 
studied. Because of the current wide 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

! Metallurgical Laboratory, The Dow Chem- 
ical Co., Midland, Mich. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 825. 


interest in  isochronous stress-strain 
curves, the short-time creep data ob- 
tained in this study are presented in 
this manner. 

The isochronous stress-strain curve is 
developed by: (a) plotting the total 
extensions measured for given times from 
loading for each stress tested at the test 
temperature, and (5) fairing a curve 
between the points of constant time. 
Obviously the strain for any time 
greater than zero must be at least equal 
to the elastic strain for any stress level. 

It becomes almost necessary to record 
data autographically for short-time 
creep testing when: (a) heating times 
to test temperature are less than 1 min, 
(6) soaking times at temperature before 
loading are 5 sec or less, (c) strain read- 
ings are required at 5-sec intervals or 
less, and (d) complete stress-strain 
loading curves are desired. Automated 
techniques were used extensively in this 
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TABLE I.—SPECTROGRAPHIC ANALYSES AND SHORT-TIME TENSILE PROPER- 
TIES IN THE LONGITUDINAL DIRECTION OF THE MAGNESIUM ALLOYS. 
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Mechanical Properties* 


Chemical Composition, per cent 
Test Temper- Elongation,” Tensile Yield Tensile 
ature, deg Fahr per cent Strength, psi | Strength, psi 
HK31A-H24 SHeer 
80 14.0 27 500 35 500 
Calcium 300 20.5 23 400 25 500 
Copper re 400 26.5 20 700 22 200 
Iron 500 25.0 17 400 19 500 
Silicon 
Magnesium balance.................... 
HM21A-TS8 SHeer 
80 7.5 23 500 34 300 
Caleium 300 19.5 20 600 23 500 
Copper 400 26.0 17 500 19 400 
Iron 500 23.5 15 700 17 200 
600 17.5 12 800 15 000 
Nickel 700 29.5 6 800 10 700 
Lead 800 42.5 2 700 5 100 
Silicon 900 73.0 800 1 800 
Magnesium balance.................... 
HM31XA-F Extrusion 

80 3.0 31 500 37 800 
Copper 400 20.0 21 600 22 600 
Iron ee eerie 500 22.0 19 600 20 000 
600 27.0 16 500 17 600 
Nickel 700 55.0 9 000 10 700 
Lead on 800 3 700 4 800 
Silicon 900 66.0 1 400 2 100 
Magnesium balance.................... 


“1. All elevated test temperatures were attained in less than 1 min by resistance heating. 


‘ 2. Strain rate to tensile yield strength was 0.005 per min. 
3. Strain rate beyond tensile yield strength was 0.1 per min. 


4. Specimens were machined in accordance with ASTM Method E 8 — 57 T,? Fig. 6. 
> Elongation was measured over 2 in. for room-temperature tests and over 1 in. for elevated- 


temperature tests. 


3 Tentative Methods of Tension Testing of Metallic Materials (E 8-577), 1958 Book of 
ASTM Standards, Part 3. 
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Fic. 1.—Detail Arrangement of Specimen with Extensometer, Electrical Connections, and 


Thermocouples. 


study. Additional benefits of automation 
were: (a) correlation of autographic 
temperature and strain data versus 
time, (6) complete autographic tempera- 
ture-gradient data, (c) autographic 
data for the accurate determination of 
loading or straining rates, and (d) 


autographic data for the determination 
of heating rates. 

The effects of rapid heating and of 
soaking times on the short-time creep 
properties of three magnesium-thorium 
alloys designed for elevated-temperature 
service are reported in this paper. 
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Test MATERIALS 


The HK31A-H24 and HM21A-T8 
sheet alloys (0.064 in.) were tested in 
the longitudinal direction. HK31A is a 
magnesium-thorium alloy containing 
zirconium, and HM21A is a magnesium- 
thorium alloy containing manganese. 
HM31XA-F extruded tubing (10 in. 
outside diameter by 0.315 in. wall 
thickness), which was also tested, is a 
magnesium-thorium alloy containing 
manganese. The temper designations 
are in accordance with ASTM Recom- 
mended Practice B 296.4 The chemical 
composition and mechanical properties 
(Table I) meet specification requirements 
for commercial materials. The extruded 
tubing properties are also representative 
of commonly extruded bars, rods, and 
shapes of this alloy. 

All specimens tested for short-time 
creep were flat with over-all dimensions 
24 in. in length by j in. in width. The 
reduced section was approximately 11 
in. in length by 0.515 in. in width, with a 
2-in. long standard 0.505-in. width in 
the middle of the reduced section where 
the extensometer was mounted. 

The extruded specimens were milled 
to a 0.125-in. thickness from the middle 
of the wall thickness. 


APPARATUS AND TESTING PROCEDURE 


A creep-rupture testing machine of 
12,000-lb capacity (Riehle model CR-12) 
converted to a 10 to 1 lever ratio was 
used in this program. It was equipped 
with special spherical ball-seat joints, 
and button-head adaptor rods with 
split washers for quick disconnecting. 
Special flat sheet grips (Riehle No. 
328-49B), coupled with the 24-in. long 
specimen, aided considerably in mini- 
mizing alignment problems. 

The extensometer (1-in. gage length) 

4 Recommended Practice for Temper Desig- 
nation of Light Metals and Alloys, Cast and 


Wrought (B 296 - 56), 1958 Book of ASTM 
Standards, Part 2. 
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used two independently measuring lin- 
ear variable-permeance type transducers 
(Crescent Engineering model LC-2-2.0). 
The transducers were linear for displace- 
ments to 0.2 in. and were sensitive and 
accurate to <25 yw in. Their outputs 
were averaged electrically. The details 
of the specimen and _ extensometer 
arrangement are shown in Fig: 1. 

A stress-strain recorder (Moseley 
X-Y, model 3 Autograf) was used to 
obtain the stress-strain curve resulting 
from the loading of the specimen. The 
averaged strain signal was amplified by 
a controller-amplifier (Crescent model 
EKA-2D) prior to being measured on 
one axis of the stress-strain recorder. The 
same strain signal was also measured by 
one function of a two-function-time re- 
corder (Brown X; — X2, model §C153X 
(27)-(VP)-II-(W72)-(30)-(V)) connected 
in parallel with the stress-strain recorder. 

Stress for obtaining a stress-strain 
curve was obtained directly by recording 
stress on one axis of the stress-strain 
recorder. This was accomplished by 
controlling the excitation voltage of an 
SR-4 load cell which was in series with 
the specimen. A plot in terms of stress 
resulted by regulating the voltage with 
a linear potentiometer in a circuit 
designed so that a duo-dial on the po- 
tentiometer shaft could be read directly 
in units of area. 

Loading was accomplished by remote 
control of an air-cylinder under the bale 
pan. It was capable of loading the speci- 
men in less than 1 sec. The loading was 
generally accomplished in approximately 
2 sec. However, loading times varied 
from 1 to 4 sec, depending on stress 
level and temperature used. Translated 
into terms of straining rate, values of 
0.020 to 0.090 per min were obtained. 

To study the effects of heating rate 
and strain rate, it was necessary to 
control the loading rates more precisely. 
Limited calibration tests of the air- 
cylinder control valve resulted in strain- 
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rate control to approximately +0.005 
per min. This variation in strain rate is 
considered to have a negligible effect 
on the data based on a study by Fenn 
and Gusack (4). 

Specimens were heated by resistance 
heating for all tests. Current was supplied 
by a 440-v to 0.8 to 3.0-v step-down 
transformer, and regulated by a Westing- 
house Furnatron Control system (FST-2) 
equipped with a Leeds & Northrup 


ture of the control thermocouple was 
within 3 F of the test temperature. 
Resistance heating of the specimen 
to test temperature was used to obtain 
the shorter soaking times of 5 sec to 10 
min prior to testing, while the specimen 
was mounted on the machine. The 
material soaked for 3 hr was soaked in 
an ordinary electric furnace with thermo- 
couples attached to measure actual 
specimen temperature, which was con- 


24000 
| | | 30 Sec 
Wn. 
20000 min 
10 Min \5 Min 
16000 
a 
% 12 
/ 
8 000 
5Sec Sook 
1O0Min Sook 
0.4 0.8 1.2 fe) 0.4 0.8 1.2 


(a) Rapid heating with 5-sec soaking time. 


Stroin cent 


(b) Effect of soaking time. 


Fic. 2.—Isochronous Stress-Strain Curves for HK31A-H24 0.064-in. Sheet at 400 F. 


controller (series 60). A 30-gage iron- 
constantan thermocouple, percussion 
welded to the center of the gage length 
of the specimen with a capacitor-dis- 
charge welder, was used to supply a 
temperature signal to a recording con- 
troller. 

The heating time to test temperature 
varied from approximately 10 to 30 sec, 
depending on test temperature and thick- 
ness of the specimen. Exposure time was 
measured from the time the tempera- 


trolled to less than +5 F variation from 
testing temperature. The specimens 
required approximately 10 to 15 min 
to get to temperature and were air 
cooled prior to installing in the creep 
machine. From this point the procedure 
for testing was the same as was used for 
the material given the shorter soaking 
times. 

The resistance - heating controller 
limited temperature over-shoot and 
fluctuations to +2F at the center of 


d 
} 
| 
4, 


CLAPPER ON EFFECT OF EXPOSURE ON CREEP RESISTANCE OF MAGNESIUM 


20000 
15 Sec | 15 See 
16000 
ff 
/OMin\ 5 Min Min 
o 
Yl 
8000 
5 Sec Sook 
------ |OMin Sook 
—-— 3Hr Sook 
4000 
04 #O8 16 0 04 #O8 12 
Strain ,per cent 


(a) Rapid heating with 5-sec soaking time. 


(b) Effect of soaking time. 


(a) Rapid heating with 5-sec soaking time. 


Fic. 3.—Isochronous Stress-Strain Curves for HK31A-H24 0.064-in. Sheet at 500 F. 
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(b) Effect of soaking time. 


Fic. 4.—Isochronous Stress-Strain Curves for HK31-H24 0.064-in. Sheet at 600 F. 


the gage length. Iron-constantan thermo- 
couples were welded at the top and 
bottom of the gage length to measure 
thermal gradients. Temperatures at the 
top and bottom of the gage length were 
4 to 8 F lower than those at the center, 
and varied as a function of test tempera- 


ture, test time, and specimen thickness. 
All temperature measurements were 
continuously recorded. To aid in control 
of the thermal gradients it was found 
helpful to paint the specimen outside 
the gage length with carbon black to 
promote heat emission, since this area 
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tended to overheat. The gage collars 
also aided in control of thermal gradients 
by acting as heat sinks in the area of 
their attachment. 

Testing procedures followed the prac- 
tices outlined by the Aircraft Industries 
Assn. of America, Inc., under Standard 
Test Procedure ARTC-13-T-2 for Short- 
Time Tensile-Creep and Rupture Test- 
ing of Metallic Materials, and ASTM 
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only, and cannot necessarily be con- 
sidered as typical for these alloys. 
Test time, as used herein, is defined as 
the sum of the loading time plus the 
creep time (or time to total extension). 
The use of these test times is illustrated 
in Fig. 2(a). 

The purpose of this study was to 
determine the short-time creep charac- 
teristics of three new elevated-tempera- 


Sheet at 0.5 per cent Total Extension. 


RESULTS AND DISCUSSION 

All materials were tested for short- 
time creep: (1) for 10 min or (2) to a 
maximum total extension of 2 per cent, 
whichever occurred first. In all cases 
total extension is the only strain shown. 
Thermal expansion effects are not 
included in these isochronous data. The 
data shown in this paper represent the 
results of testing one lot of material 

5 Recommended Practice for Short-Time 
Elevated-Temperature Tension Tests of Metal- 


lic Materials (E 21 — 58 T), 1958 Book of ASTM 
Standards, Part 3. 


Recommended Practice E-21.° ture magnesium alloys under rapid 
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Fic. 5.—Effect of Soaking Time on the Short-Time Creep Strength for HK31A-H24 0.064-in. 5 


heating conditions and to show the effect 
of soaking time (5 sec, 10 min, and 3 hr) 
at the test temperatures prior to testing 
on their creep resistance. Detailed 
isochronous stress-strain curves for the 
5-sec soaking time are presented for each 
alloy tested, for each test temperature, 
and for the test times of 5 sec to 10 min. 
HK31A-H24 sheet was tested at 400, 
500, and 600 F (see Figs. 2(a), 3(a@) and 
4(a). HM21A-T8 sheet was tested at 
600, 700, and 800F (see Figs. 6(a), 
7(a), and 8(a)). HM31XA-F extruded 
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Fic. 6.—Isochronous Stress-Strain Curves for HM21A-T8 0.064-in. Sheet at 600 
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(a) Rapid heating with 5-sec soaking time. 
Tsochronous Stress-Strain Curves for HM21-T8 0.064-in. Sheet at 700 F. 
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(b) Effect of soaking time. 
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tubing was tested at 600, 700, and 
800 F (see Figs. 11(a), 12(a) and 13(a)). 


PRINTS AND DISCUSSION 
HK31A-H24 Sheet: 
The effects of soaking time on the 


CLAPPER ON EFFECT OF EXPOSURE ON CREEP RESISTANCE OF MAGNESIUM 


better at 400 and 600 F (see Fig. 5) and 
may be equal when considering the ex- 
perimental scatter. The material given 
a 10-min soak is also significantly 
superior to that given a 3 hr soak at 
both 400 and 500 F, and again is only 


isochronous stress-strain curves of marginally better than at 600 F. 
4000 
5 Sec 
3500 
3000 
2500 
a - 
| 
| 
tity § 
1000 
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SSec Sook 
Sook 
5 ——-—— Seok 
0 0.4 0.8 1.2 1.6 2.0 fe) 0.4 0.8 1.2 1.6 


(a) Rapid heating with 5-sec soaking time. 


Strain, percent 


(b) Effect of soaking time. 


Fic. 8.—Isochronous Stress-Strain Curves for HM21A-T8 0.064-in. Sheet at 800 F. 


HK31A-H24 sheet material are shown 
for selected test times in Figs. 2(6), 
3(b) and 4(b). The effects of both soaking 
time and test time on the limiting creep 
stress (0.5 per cent total extension) are 
shown in Fig. 5 for the temperatures 
tested. The material given the 10-min 
soak appeared to have superior creep 
resistance to the material soaked for 
5 sec. Although the material given a 10- 
min soak is significantly superior to the 
5-sec soak at 500 F, it is only marginally 


HM214A-TS8 Sheet: 

The effects of soaking times on the 
isochronous stress-strain curves of 
HM21A-T8 sheet material are shown for 
selected test times in Figs. 6(b), 7(0), 
and 8(b). The effect of both soaking time 
and test time on the limiting creep stress 
(0.5 per cent total extension) is shown in 
Fig. 9 for the temperatures tested. The 
material given the 5-sec soak appeared 
to have significantly superior creep 
resistance to the material soaked for 3 
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hr at 600 and 800F (see Figs. 6(0), 
8(b), and 9). However, it is only mar- 
ginally superior at 700 F (see Figs. 7(d), 
and 9) and it may be equal when con- 
sidering experimental scatter. The ma- 
terial given the 5-sec soak is significantly 
superior to the material soaked for 10 
min at 600 F, (see Fig. 6(6)), and is 
approximately equal to 800F (see 
Figs. 8(6) and 9). The 500-psi difference 
at 800 F may be considered within the 
experimental scatter. A comparison of 
HM21A-T8 to HK31A-H24 sheet alloys 
is made by use of the short-time creep 
strength summary data as shown in 
Fig. 10. HM21A-T8 sheet has superior 
creep strengths for the 5-sec test time 
above 575 F, and for the 10 min test 
time above 475 F. ca 


HM31XA-F Extruded Tubing: 7 


The effects of soaking time on the 
isochronous stress - strain curves of 
HM31XA-F extruded tubing are shown 
for selected test times in Figs. 11(6), 
12(b) and 13(6). The effects of both 
soaking time and test time on the limit- 
ing creep stress (0.5 per cent total 
extension) are shown in Fig. 14 for the 
temperatures tested. A comparison of 
material soaked for 5 sec and 3 hr shows 
the material soaked for 5-sec to be 
increasingly superior in creep resistance 
with increasing test time at all tempera- 
tures tested (see Fig. 14). However, the 
material tested at 700 F does not exhibit 
differences as large as are shown for 
the 600 and 800 F test temperatures. 


Heating Rate and Strain Rate During 

Loading: 

Heating rate to test temperature and 
strain rate during loading were calculated 
for all tests. Tests were replicated, where 
time and material permitted, on HM21A- 
T8 and HK31A-H24 sheet alloys. No 
retests were made on HM31XA-F 


extruded tubing due to limited material. 
The initial portions of actual strain-time 
records from tests of HK31A-H24 sheet 
at 500 F and 16,000 psi are shown in 
Fig. 15. The degrees of reproducibility 
for duplicate specimens after 5-sec, 
10-min, and 3 hr soaking times are 
shown as in curves A and B, C and D 
and £ and F, respectively, for approxi- 
mately constant strain rates and certain 
variations in heating rate which were 
encountered. The differences shown 
between these curves for duplicate tests 
are considered relatively small, and not to 
affect significantly the resulting plots of 
the isochronous stress-strain curves. 
Variations of a similar degree were 
noted for 400 and 600 F tests. 
HK31A-H24 sheet does not appear 
to be significantly affected by varying 
heating rate from 28 to 140 F per sec 
(at 500 F) nor by varying the strain 
rate from 0.030 to 0.065 per min (at 
600 F). HM21A-T8 sheet does not ap- 
pear to be significantly affected by vary- 
ing strain rate from 0,068 to 0.096 per 
min (at 700 F). Data were not available 
for HM21A-T8 sheet to study the effect 
of heating rate variations, since all 
replicated tests of this alloy had ap- 
proximately equal heating rates. 


CONCLUSIONS 


Short-time creep resistance of the 
alloys studied, using rapid heating, are 
significantly affected by: (a) soaking 
time at test temperature prior to test- 
ing, (6) test temperature, and (c) test 
time. Major differences in the short- 
time creep resistance were noted between 
the alloys tested. Neither heating rate 
nor rate of straining (within the range 
tested) has a significant effect on the 
400, 500, and 600 F short-time creep 
resistance of HK31A-H24 sheet alloy. 
Similarly, strain-rate variations (within 
the range tested) do not have a signifi- 
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i Fic. 11.—Isochronous Stress-Strain Curves for HM31XA-F Extruded Tubing at 600 F. 
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Fic. 12.—Isochronous Stress-Strain Curves for HM31XA-F Extruded Tubing at 700 F. 
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Fic. 13.—Isochronous Stress-Strain Curves for HM31XA-F Extruded Tubing at 800 F. 
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cant effect on the 700 F short-time creep 
resistance of HM21A-T8 sheet alloy. 
Short - time creep testing procedures 
for using rapid heating should be stand- 
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ardized to enable direct comparisons of 
design data between different materials 
and between different research labora- 
tories. 
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YOUNG’S MODULUS OF 
TEMPERATURE 


design property. 


The use of magnesium alloys at ele- 
vated temperatures has revealed a need 
for accurate values of Young’s modulus 
for use in buckling and stiffness analyses. 
It has further required a better under- 
standing of the metallurgical factors 
controlling the relaxed Young’s modulus 
of these alloys to permit the develop- 
ment and production of alloys having 
the desired modulus values at elevated 
temperatures. This study was under- 
taken to provide accurate values of the 
relaxed Young’s modulus on_ several 
commercial magnesium alloys over a 
wide range of temperature and to de- 
termine the effect of metallurgical 
variables such as composition, changes in 
grain size, cold work, heat treatment, and 
process history on the relaxed Young’s 
modulus at various temperatures. 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

! Chief, Testing and lnstrume ntation Section, 
Metallurgical Laboratory, The Dow Chemical 
Co., Midland, Mich. 
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ALLOYS AS A FUNCTION OF 


FENN, Jr. 


SYNOPSIS 


Accurate values for the relaxed Young’s modulus, determined on several 
commercial and experimental magnesium alloys at elevated temperatures by 
+ static tension measurements, show significant variations in this important 
These variations are correlated with differences in alloy 
content, grain size, prior cold work, and heat treatment. 
tended to provide information for design use in deflection and buckling 
calculations and to show the degree of control which the metallurgist has 
over the relaxed Young’s modulus in these alloys. 


These data are in- 


Test MATERIALS 


The alloys studied are listed in Table I 
along with their analyses, intended 
environment (that is, elevated-tempera- 
ture or room-temperature? use), and 
applicable material specification. The 
fabrication process and form are shown 
in Table II with the test results. To 
facilitate description of the alloys, 
ASTM nomenclatures (B 275 and 
B 296 — 56* for codification and temper 
designation of light metals and alloys) 
are used to describe both commercial 
and experimental alloys. 


2? Room-temperature as used in this study 
does not imply any specific limitation on service 
temperatures, but is used to distinguish those 
alloys not specifically designed for elevated- 
temperature applications. 

% Recommended Practice for Codification of 
Light Metals and Alloys, Cast and Wrought 
(B 275 — 58), 1958 Book of ASTM Standards, 
Part 2. 

* Recommended Practice for Temper Desig- 
nation of Light Metals and Alloys, Cast and 
Wrought (B 296-56), 1958 Book of ASTM 
Standards, Part 2. 


| 


Equipment AND Test METHOD 


The testing equipment, previously 
described in detail (1)° utilizes (1) an 
overhead lever having a no-load sensi- 
tivity of 9.2 g at the specimen, (2) a 
modified Marten’s type optical exten- 
someter having an 8-in. gage length and 
strain measuring accuracy of 1.6 micro- 
inches per in., and (3) adjustable uni- 
versal joints at the ends of the specimens 
to permit alignment of the stress and 
specimen axes. 

Three tests were made at 78F on 
each specimen within the elastic range 
to check the alignment of the stress 
and specimen axes. The specimen was 
then furnace heated in place to test 
temperature in approximately 3 hr and 
again tested three times. The time re- 
quired to obtain each set of load-strain 
data was 3 min, and 1 min was required 
between tests to check the temperature 
along the gage length of the specimen. 
If the average of the specimen tempera- 
tures changed more than 0.3 F, the data 
were considered unsatisfactory and the 
tests were repeated. 

The unbiased estimate of standard 
deviation of the 78 F Young’s modulus, 
based on a triplicate average, generally 
varied between 0.052 & 10° and 0.061 X 
10° psi, while at 600 F it increased to 
values on the order of 0.07 X 10° to 
0.16 X 10° psi. 


RESULTS AND DISCUSSION 


Differences in anelastic deformation 
(time-dependent elastic strain) can be a 
major source of the differences between 
elastic moduli determined by various 
test methods and also between alloys 
within the same alloy system. Ké (2,3) 
has shown anelastic behavior to be a 
function of grain size, test temperature, 
and test frequency. Siefert and Worrell 

5 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 837. 
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(4) have considered annealing twins to 
be another source of anelastic effects. 
For a theoretical interpretation of these 
and other factors affecting anelastic 
behavior the reader is referred to the 
work of Zener (5). 

A static tension test method giving 
relaxed Young’s modulus (rather than 
the unrelaxed modulus) was selected so 
as to include anelastic deformation in 
the strain measurements, thereby making 
the results more useful for design pur- 
poses involving static loads. A test 
temperature of 600 F was usually used 
to study the effect of metallurgical 
variables, since the anelastic effects are 
more pronounced at elevated tempera- 
tures, thus making the effects easier to 
define. 

The variations in relaxed Young’s 
modulus of magnesium alloys are gener- 
ally small at room temperature as shown 
in Table II (in agreement with the 
literature review of Mack (6) on other 
metals). However two exceptions are 
the moduli of high-purity sublimed 
magnesium (5.8 X 10° psi) and K1X1 
alloy (5.0 X 10® psi), which exhibit 
lower than usual moduli. Considerable 
experimental difficulty was encountered 
in attempting to obtain reproducible 
moduli for sublimed magnesium, par- 
ticularly at elevated temperatures, where ig 
scatter was on the order of 1 X 10° psi. 
Although the reason for this could 
not be ascertained, nonuniform grain 
size and the maximum permissible 
working stresses may be contributing 


factors. 


Comparisons of the 600F moduli 
(Table II) of the elevated-temperature 
magnesium alloys (containing 1 to 3 per 
cent thorium or rare earths) and room- 
temperature magnesium alloys (con- 
taining aluminum and zinc) to that of 
high-purity magnesium show that addi- 
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tions of thorium or rare earths increase against anelastic relaxation, thus ac- 
the elevated-temperature relaxed modu- counting for the decrease in modulus. 


lus from 4.4 X 10° to 5.4 X 10° psi, The magnesium-thorium alloys 
while combined aluminum and zinc (HM21A-T8®, HK31A-T6, HM31XA-F, 
r additions decrease the modulus from HM21A-T5, HZ32A-T5, HM11XA-F) 


4.4 X 10° to values as low as 3.0 X also have relatively high 600 F moduli 

10° psi. Figure 1 graphically compares the (~5.4 X 10° psi, see Table II) which 
moduli of the elevated-temperature and are thought to result from grain-bound- 
room-temperature alloys as a function ary keying by a magnesium-thorium 

of temperature. compound in a manner similar to MggCe 

The relatively high 600F moduli keying in magnesium-cerium alloys. A 

(5.4 X 10° psi) of the magnesium-rare typical grain-boundary precipitate for 

: earth alloys (EK30A-T6, EK41A-T6, a magnesium-thorium-manganese alloy 


7K 106 T 
| | 
— Elevated -Temperature 
Alloys 
HM3IXA-F 
EX3OA-1S 
HZ32A-T5 
EZS3A-TS 
Y 
= 
34x 108 | 
Yj Room - Temperature 
Alloys 
AZBIA-T4 
3x 108 AZ9IC-T6 
AZ92A-T6 
2x108 | | 
a. fe) 100 200 300 400 500 600 700 800 


7 Temperature, deg Fahr 

Fie. 1.—Effect of Alloy Content on Young’s Modulus of Magnesium as a Function of Tempera- 
ture. 


EZ33A-T5, E2-T6, EM40-T6) are be- (HM21A-TS8) is illustrated in Fig. 2(a). 
lieved to be the result of MgsCe pre- The 600F moduli of the commercial 
cipitate keying the grain boundaries magnesium-thorium and magnesium-rare 
against movement as demonstrated by — earth alloys (~5.4 X 10° psi) agree well 
Roberts (7) thus preventing significant with the value of 5.2 10° psi for high- 
anelastic relaxation. Increasing the purity magnesium determined ultra- 
cerium content in pure magnesium from _ sonically by Fredrick (8), and the value 
2 to 4 per cent increased the size of the of 5.4 X 10° psi for high-purity mag- 
precipitate particles as revealed metal- nesium determined by Levinson and 
lographically and decreased the 600F Graff (9) using a resonant frequency 
modulus about 0.5 10® psi (see alloys 
Nos. 29 and 30 in Table II). The larger ® The data shown in Table I for HM21A-T8 
precipitate particles in the 4 per cent sheet, as well as HM21A-T5 forged magnesium, 
P ‘ were obtained under the following Wright Air 
cerium alloy are thought to be less Development Center contracts: (1) AF 33(616)- 
effective in keying the grain boundaries 2337, (2) AF 33(616)-3578, respectively. 
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method. The agreement among these 
data suggests that these elevated-temper- 
ature alloys exhibit essentially no ane- 
lastic relaxation even when tested in 
simple tension at 600 F. 

It is hypothesized that the relatively 
low 600 F modulus values for magnesium- 
aluminum-zinc alloys such as AZ91C-T6 
and AZ92A-T6 may result from (1) 
solid solution effects of aluminum and 
zinc on the magnesium, and (2) in- 
creased anelastic relaxation on the 
boundaries of the pearlitic MgiAli 


(a) (X 16,000), showing magnesium-thorium 
precipitate at grain boundary of HM21A-T8 
Magnesium alloy. 
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(alloy No. 6) and cast HK31A-T6 
(alloy No. 11), having grain size of 
0.006 and 0.003 in. respectively, show 
no effect of grain size. A similar com- 
parison on another elevated-tempera- 
ture alloy HM31XA-F (alloys Nos. 7 and 
8, having grain size of 0.00068 and 
0.00014 in.) also shows no effect as 
would be expected if the grain-boundary 
keying hypothesis is correct. It is also 
interesting to note that although there 
is a very large difference in grain size 
between the magnesium-thorium-zir- 


(b) (5200), showing pearlitic MgizAhz pre- 
cipitate in AZ92A-T6 magnesium alloy (meth- 
yliodide etchant). 


Fic. 2.—Electron Micrograph. 


precipitate (see Fig. 2(6)). Roberts (10) 
has shown that this discontinuous pre- 
cipitate increases the number of grain 
boundaries approximately threefold and 
that these boundaries as well as original 
boundaries are significant sources of 
deformation in creep of a magnesium- 
10 per cent aluminum alloy. Therefore, 
it is reasonable to assume that these 
precipitate-formed grain boundaries 
would also lead to increased anelastic 
relaxation as shown for grain boundaries 


in pure aluminum by Ké (2,3). ver 


EFFECT OF GRAIN SIZE 


Comparisons between the 600 F mod- 
uli (see Table II) of rolled HK31A-T6 


e 


conium and magnesium-thorium-manga- 
nese alloys, no significant difference in 
their 600 F moduli is observed. 

A solid-solution alloy containing mag- 
nesium-0.8 per cent zinc-0.2 per cent 
mischmetal (ZE10, alloy Nos. 32 and 33) 
illustrates the relatively large change in 
600 F moduli which can occur upon 
changing grain size in an alloy which is 
not designed for elevated-temperature 
service. Table II shows that increasing 
the recrystallized grain size from 0.0005 
to 0.0019 in. (by annealing) increased 
the modulus at 500, 600, and 700 F 


by approximately 1.25 X 10° psi. This 


grain size effect is consistent with the 
findings of Ké (2,3). 
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An extruded alloy (EM40-T6) con- 
taining 4 per cent mischmetal and 0.2 
per cent manganese in the solution-heat- 
treated and aged condition was selected 
to demonstrate the effects of cold work 
because it was readily available and 
demonstrated a relatively high modulus 
at 600 F (namely 5.5 X 10° psi). Pre- 
straining 2 per cent by tension, 2 per 
cent by compression, and 16.5 per cent 
by cold rolling reduced the 600 F mod- 


Although slipbands produced by cold 
work may also contribute to anelastic 
effects as pointed out by Zener (5) no 
study of this effect was made in this 
investigation. 

Comparison between rolled HK31A- 
H24 and rolled or cast HK31A-T6 shows 
the 600 F modulus of the strain-hard- 
ened material (-H24) to be approxi- 
mately 1.7 X 10° psi lower than the 
solution-heat-treated and aged material. 
Similarly, comparison between rolled 
AZ31A-H24 and a cast experimental 


(a) Solution - heat-treated 
and aged, no twinning, E = 
5.5 X 108 psi. psi. 

Fic. 3.—EM40 Magnesium Alloy (500), Acetic Picral Etchant. 


ulus to 5.0 3.5 10°, and 3.7 X 
10° psi respectively. The decreases in 
the 600 F modulus correlate with the 
degree of mechanical twinning as seen in 
the photomicrographs shown in Fig. 3. 
That is, the larger the amount of twin- 
ning the lower the elevated-temperature 
modulus. This increase in anelastic 
relaxation with increasing number of 
mechanical twins is in agreement with 
the effect of annealing twins on anelastic 
behavior of copper-manganese alloys as 
shown by Siefert and Worrell (4). This 
is reasonable if one considers the twin 
boundaries to be simply differences in 
orientation which behave in an anelastic 
manner similar to grain boundaries. 


(b) 2 per cent tension strain, 
slight twinning, E = 5.0 X 10° 


(c) 2 per cent compression 
strain, considerable twinning, 
E = 3.5 X 108 psi. 


alloy AZ31-T2 in the stabilized condition 
shows the 600 F modulus of the strain- 
hardened material to be approximately 
2.0 X 10° psi lower than that for the 
cast material (see Fig. 4). The decrease 
in modulus in the latter case would be 
expected to be even greater if the grain 
size of the AZ31-T2 were smaller than 
the 0.012 in. reported in view of the 
grain-size effect already described for 
ZE10 alloy. 


EFFECT OF SOLUTION HEAT TREATMENT 
AND AGING 


To demonstrate separately the effects 
of solution-heat treatment and aging, a 
specimen of 0.064-in. HK31A sheet was 


| 
Boece (2 


(a) solution-heat treated 1 hr at 1050 F 
(-T4 temper), (6) rapidly cooled to room 
temperature with forced air, (c) rapidly 
heated (10 sec) by a resistance-heating 
method to the test temperature of 600 F, 
and (d) tested at 600 F for various ex- 
posure times of 5 sec to 25 min. After 5 
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dition at 600 F, particularly since the 
accuracy of the autographic recording 
system necessarily used for these meas- 
urements is somewhat less than that of 
the main investigation. 

Although no similar experiment was 
performed on alloys in the magnesium- 
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Fic. : 4. —Comparison of Cast and Rolled Magnesium Alloys Showing Effect of Strain Hardening 


and Annealing on Young’s Modulus. 


sec at 600 F, the material was still con- 
sidered to be essentially in the -T4 
temper and had a modulus of 4 X 10° 
psi. As testing continued at 600F (a 
temperature at which aging can occur) 
the modulus gradually increased to 
approximately 5.2 X 10® psi after 25 
min exposure. This value is in good 
agreement with the 5.4 X 10® psi which 
is expected for HK31A in the aged con- 


aluminum-zinc system, the work of 
Roberts (7) and comparison between the 
600 F modulus data of the magnesium- 
aluminum-zinc alloys (Nos. 19, 20, and 
21) in this study would lead one to 
expect solution-heat treatment of these 
alloys to increase the modulus and aging 
to decrease the modulus, in direct con- 
trast to the effects noted on HK31A 
alloy. 
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EFFECT OF ANNEALING 
To show the effect of annealing on 
an elevated-temperature alloy, HM21A 
alloy was rolled to the full-hard con- 
dition, and specimens were annealed for 
1 hr at temperatures of 600 to 900 F and 
tested at 600 F. The 600 F modulus 
increased with annealing temperature 
from 3.5 X 10® psi to 5.5 X 10° psi as 
shown in Fig. 5. The increase in modulus 
in this case is attributed to aging and 
removal of deformation markings (for 
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ences in (a) the degree of strain harden- 
ing, (6) grain size, and (c) amount and 
distribution of precipitate, all of which 
may have significant effects on the 
relaxed elevated-temperature modulus 
as already discussed. 

The degree of modulus anisotropy in 
HM21A-T8 sheet alloy was evaluated 
by comparing several 600 F longitudinal 
and transverse test results. The average 
longitudinal value (5.65 X 10® psi, six 
tests) is within 0.09 X 10° psi of the 
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Fic. 5.—Effect of Annealing Temperature (1 hr exposure) on 600 F Young’s Modulus of Cold 
Rolled Magnesium-Thorium-Manganese Sheet (HM21A Alloy). 


example, slipbands, twin markings). 
In a nonaging alloy, such as ZE10 (see 
alloys Nos. 32 and 33, Table II) anneal- 
ing may affect the 600F modulus 
through (1) removal of certain defor- 
mation effects, and (2) changes in grain 
size resulting from recrystallization and 
grain growth. Production annealing of 
commercial material generally results in 
increased 600 F modulus as can be seen 
by comparing the -0 and -H24 tempers of 
HK31A and AZ31A in Fig. 4. 


Process history (for example, casting, 
extrusion, rolling) can produce differ- 


EFFECT OF PROCESSING 


average transverse value (5.56 xX 10° 
psi, six tests) when tested at 600F, 
indicating that the modulus of this 
material is essentially an _ isotropic 
property. This result would be expected 
in view of the maximum anisotropy of 
15 per cent reported for pure magnesium 
single crystals by Schmid and Boas (11). 
Since changes in grain size and orienta- 
tion have little effect on the elevated tem- 
perature modulus of magnesium-tho- 
rium or magnesium-mischmetal alloys, 
process control for this property is 
less critical in the elevated temperature 
alloys than in the room-temperature 
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CONCLUSIONS 


Although metallurgical variables have 
practically no effect on the modulus of 
magnesium alloys at room temperature, 
they significantly affect the relaxed 
Young’s modulus at elevated tempera- 
tures. Considerable control of the ele- 
vated-temperature modulus can be main- 
tained by control of the metallurgical 
variables and proper selection of alloy 
content. 

Maximum values of relaxed moduli at 
elevated temperatures can be obtained 
by: (1) adding thorium or mischmetal 
to the magnesium, (2) thermally treat- 
ing material to remove certain effects of 
strain hardening and to key the grain 
boundaries against anelastic relaxation 
by precipitation of second-phase ma- 
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terial, and (3) increasing the grain size 
of the room-temperature-type alloys. 

Minimum values of relaxed moduli 
at elevated temperatures can be obtained 
by: (1) strain hardening, (2) decreasing 
the grain size in room-temperature-type 
alloys, and (3) adding second-phase 
material which will not key the grain 
boundaries but which will create new 
sites for anelastic relaxation. 

The relaxed moduli in this paper may 
be used to establish the initial portion of 
typical curves of stress versus strain, 
tangent modulus, or secant modulus. 

Elevated-temperature values of the 
relaxed Young’s modulus (which include 
the measurement of anelastic deforma- 
tion) can be significantly lower than the 
unrelaxed values determined dynami- 
cally. 
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Messrs. W. H. Grart! anp D. W. 
Levinson! (presented in written form).— 
A number of the specimens described in 
this paper were subjected to elastic 
modulus determinations at Armour Re- 
search Foundation employing a dynamic 
method. Tests were conducted at room 
temperature and at 600 F as shown in 
the accompanying Table III. The results 
of the static determinations conducted by 
the author of the paper are listed for 
comparison. It may be noted that the 
values of the room temperature elastic 
moduli as measured by the two methods 
show good agreement but that marked 
differences were found in the 600 F meas- 
urements. This confirms the author’s 
general argument concerning the effect of 
time-dependent strain as constituting a 
factor in the determination of a relaxed 
Young’s modulus. One exception to this 
general trend was exhibited by the alloy 
HK31A-T6 in which comparable values 
for the dynamic and static modulus were 
found. This implies that, although tested 
under conditions favoring relaxation, an 
unrelaxed value was obtained. 

The degree of anelastic relaxation ex- 
hibited by an alloy designed for high- 
temperature service (HK31A-H24) is less 
than that of a room temperature type 
alloy (AZ31A-H24) as shown by a 
comparison of the respective differences 
in dynamic and static modulus values 
determined at 600 F. The former showed 


1 homens Research Foundation, Illinois In- 
stitute of Technology, Chicago, II. 


a decrease of 1.84 X 10° psi and the lat- 
ter 2.89 XK 10° psi. 

An even more graphic example con- 
cerns the comparison of the static and 
dynamic modulus values of HK31A-T6 
at 600 F with any of the others reported. 
In this case the static and dynamic moduli 
are within 3 per cent of one another. 

Very considerable experience with the 
dynamic method which has been ade- 
quately described elsewhere®:* has _in- 
dicated that the values are reproducible 
to within +1 per cent of the modulus 
reported. This points up, then, the fact 
that the value of elastic modulus which 
one obtains from a tension test (es- 
pecially at elevated temperatures or at 
room temperature for materials affected 
by anelastic relaxation) would be ex- 
pected to be strain rate dependent. At 
low values of strain rate the number 
obtained would be smaller and would 
approach the unrelaxed value obtained 
by dynamically testing in the kilocycle 
frequency range only at very high strain 
rates. 

It is suggested that this difference be- 
tween static and dynamic modulus might 
be of use in predicting creep resistance, 

2W. H. Graft, D. W. Levinson, and W. 
Rostoker, ‘““The Influence of Alloying on the 
Elastic Modulus of Titanium Alloys,” Transac- 
tions, Am. Soc. Metals, Vol. 49, pp. 263-279 
(1957). 

3 W.H. Graft and W. Rostoker, ‘““The Meas- 
urement of Elastic Modulus of Titanium AI- 
loys,’’ Symposium on Titanium, pp. 130-143 
(1956). (Issued as seperate public ation AST M 
STP No. 204.) 
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the more creep-resistant the material at 
a given temperature, the closer together 
the static and dynamic moduli. As nor- 
mally tested, the strain rate differences 
between these tests are large enough to 
clearly indicate any tendency to relaxa- 
tion. 

Mr. R. W. FENN, Jr. (author)—The 
contribution of Messrs. Graft and 
Levinson is indeed a valuable one, in 
that their dynamic modulus data allow a 
direct comparison to the statically de- 
termined modulus data in this paper, 
thereby permitting the relaxation char- 
acteristics of several of the alloys to be 
compared. The conclusions which can be 
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ated by the static tension method at 75 F, 
it would be intersting to see if the K1X1 
alloy exhibits a relatively low elastic 
modulus by the dynamic test method at 
75 F as does sublimed magnesium. 

At 600 F, all of the static moduli in 
the comparison are considerably lower 
than the dynamic moduli except for the 
HK31A-T6 alloy. This points up (1) the 
magnitude of the relaxation effects at 
elevated temperatures and the impor- 
tance of selecting the proper test method 
for determining Young’s modulus of 
magnesium alloys for any particular 
elevated-temperature application, and 
(2), the marked effect which cold work 


TABLE III.—COMPARISON OF DYNAMIC AND STATIC ELASTIC MODULI 


FOR MAGNESIUM ALLOYS. 


Modulus, 600 F 


7 Modulus at Room Temperature 
_ Specimen Alloy and Temper — —— 

: Static Dynamic Static Dynamic 
HK31A-H24 6.57 X 10°| 6.46 10°| 3.70 10°| 5.54 x 108 
HK31A-T6 6.40 6.31 5.36 5.52 
AZ31A-H24 6.34 6.45 2.56 5.45 
ae Sublimed Mg-O 5.77 6.16 4.36 5.41 
No. 27 Commercial Electrolytic | 6.24 6.53 2.40 5.79 ie 

Mg-F 
AZ31A-T2 6.49 6.41 4.44 5.47 


drawn from this data comparison are 
worth emphasizing. 

At room temperature, both the static 
and dynamic test methods give approxi- 
mately the same modulus values for the 
more highly alloyed alloys in both the 
low-temperature and elevated-tempera- 
ture category. This indicates that the 
statically determined moduli for these 
alloys are essentially unrelaxed. How- 
ever, the unalloyed magnesium (sub- 
limed magnesium and commercial elec- 
trolytic magnesium) shows lower static 
moduli than dynamic moduli indicating 
that significant relaxation is occurring in 
the static evaluation of pure magnesium 
at room temperature. Since both sub- 
imed magnesium and K1X1 alloy show a 
relatively low elastic modulus as evalu- 


has on the relaxation characteristics of 
magnesium alloys. 

Mr. G. R. Goun.t—This paper is im- 
portant not only because it gives us more 
precise information that can be used for 
engineering design but because it points 
up the necessity of changes in our current 
educational practices which now lead a 
good many designers astray. 

Most courses in mechanics and ma- 
terials of design teach the prospective 
engineer that the elastic modulus for a 
given material is constant and is not 
substantially affected by variations in 
processing or minor variations in compo- 
sition. As a result, many designs are made 
on the basis that this assumption is true. 


‘Supervisor, Bell Telephone Laboratories, 
New York, N. Y. 
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From the data submitted by the author 
it is obvious that this assumption of a 
constant value for the elastic modulus is 
not true and one can get into very serious 
difficulties if designs are based on this 


assumption. For example, you might 
have insufficient cross-section to give 
stability to the design. 

Furthermore, I think this paper is 
highly important because it points up 
the “fuzzy” thinking of many of our 
theoreticians. During the past two days 
I sat through a whole series of lectures in 
which very modern techniques were 
used to explain theories, particularly 
theories on the mechanism of fatigue. 
Dislocation measurements, measure- 
ments of slip, etc., were all used to ex- 
plain the observed phenomena and then 
the authors turned to an analysis using 
stress as the criterion for measuring 
things that were happening in the plastic 
range. In these analyses the authors ob- 
tained stress values merely by multi- 
plying Young’s modulus by strain. Obvi- 
dusly when things like this are done 
there can be no sound design. So it seems 
to me that papers such as the one which 
the author has given will not only provide 
more accurate information for design 
but will give us suggestions for changing 
our thinking as to the analysis of phe- 
nomena in terms of stress and strain. 

Mr. H. G. Warrincton.*>—I heartily 
endorse the statement of Mr. Gohn, in 
that this work is most important in 
throwing more light on the mystery of 
what is modulus of elasticity. 

The question that occurs to me in 
looking at the curves shown is whether 
the author had considered that the 
thorium type alloys do produce a eu- 
tectic of a relatively high melting point 
and presumably relatively high strength 
at elevated temperatures. The AZ31 type 
alloy is a straight solid solution at these 
temperatures and AZ92 type alloy has a 

6 Manager, Sales and Technical Service, 


Dominion Magnesium, Ltd., Toronto, Ont., 
Canada. 
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second phase which is a pseudo-eutectic 
of extremely low melting point and pre- 
sumably extremely low strength. This of 
course prompts the suggestion that in the 
AZ92 type alloy there might be less re- 
producibility in modulus results and 
leads one to wonder what would happen 
if one adds zinc to the thorium type alloy 
until a zinc phase appears and what its 
effect would be. 

Mr. FenN.—In answer to Mr. Warring- 
ton’s first question, the differences in the 
moduli observed in the magnesium- 
thorium and magnesium-aluminum-zinc 
systems were considered primarily from 
the standpoint of the properties of the 
component phases and how these phases 
might interact to affect the over-all 
elastic behavior. Although one might 
expect increases in Young’s modulus in 
accordance with the law of mixtures 
upon the addition of compounds having 
higher moduli (based on the work of 
K@éster et al,® it is the opinion of the 
author that the dispersion, size, and 
location of the precipitated compound is 
a more important factor than the modu- 
lus or strength (within limits) of the 
compound in determining the relaxation 
characteristics and therefore the static 
elastic moduli of magnesium alloys at 
elevated temperatures. With respect to 
the second question concerning the effect 
of zinc additions on the thorium type 
alloys, comparison between the moduli of 
HZ32A-T5 (containing 2 per cent zinc) 
and HK31A-T6 (alloys Nos. 10 and 11, 
respectively in Table II) shows the 
HZ32A-T5 to have slightly higher 
modulus at 600 F. However, the differ- 
ence between the moduli of the two alloys 
could possibly be accounted for on the 
basis of experimental errors. For this 
reason the two alloys are considered to 
have equivalent moduli up to 600 F as 
shown in Fig. 1. 

W. Késter und W. Rauscher, ‘‘Beziehungen 
zwischen dem Elastizititsmodul von Zweistoffle- 


gierungen und ihrem Aufbau,” Zeitung fiir Me- 
tallkunde, Vol. 39, -120 (1948). 
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PREDICTION OF LONG-TIME CREEP WITH TEN-YEAR CREEP DATA 
ON FOUR PLASTIC LAMINATES* 


By W. N. FINDLEY! AND D. B. PETERSON! 


Long-time creep data for tension creep tests of four plastic laminates are 
reported for testing times up to about ten years’ duration at constant load and 
constant temperature of 77 F and relative humidity of 50 per cent: a grade C 
canvas laminate, two paper laminates, and an asbestos laminate. Each of 
these sets of data has been compared with the equation € = €) + mi” and the 
stress dependence of €) and m have been evaluated in terms of hyperbolic sine 
functions. Good agreement was obtained in most tests. 

The data for the first 2000 hr of test of the grade C canvas laminate and the 
parallel-laminated paper laminate were reported in a paper published in 1944, 
together with constants for the above-mentioned equation. These constants 
were used to predict the creep for the remainder of the creep tests, the dura- 
tion of the tests being on the order of 90,000 hr. Surprisingly good agreement 
with test data was obtained over that interval. Predictions for the same time 
intervals investigated from four other equations used to describe creep were 
unsatisfactory. 


SYNOPSIS 


- During 1943-1944, a series of creep 
tests of plastic laminates was started 
for tests at several constant loads in 
a room maintained at a constant tem- 
perature of 77 F and a relative humidity 
of 50 per cent. The materials included a 
grade C canvas laminate, a parallel- 
laminated paper laminate, a cross- 
laminated paper laminate, and an 


shown in the 1944 paper (1) that there 
was a very satisfactory agreement 
between the data and the equation 


where ¢ is the strain, ¢ is time, m is a 
constant which was found to be inde- 
pendent of stress, and €9 and m are 
constants for a given stress which were 


asbestos laminate. In 1944 the results 
of the first 2000 hr, approximately 83 
days, were reported for the grade C 
canvas laminate and the _parallel- 
laminated paper laminate (1).? It was 


* Pre sented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Professor of Engineering and Student, re- 
spectively, Division of Engineering, Brown 
University, Providence, R. I. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 855. 
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since found to be describable as hyper- 
bolic sine functions of stress for the 
canvas laminate (2). The value of ¢9 was 
found to equal zero for the parallel- 
laminated paper laminate. The tests 


of the grade C canvas laminate were 
since continued to approximately 85,000 
hr, more than 40 times the duration of 
the first reported tests; and the tests 
of parallel-laminated paper laminate 
were continued to about 92,000 hr. 
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In the present paper, the data for the 
remaining long-time portion of these 
tests are presented, together with the 
prediction based on the constants in 
Eq 1 which were determined from the 
data for the first 2000 hr and published 
in 1944. Also presented are long-time 
creep data on the two other laminates 
listed above, together with an analysis 
of these data including comparisons with 
Eq 1 and the hyperbolic sine stress 
functions. Data for recovery after 
removal of load are included for all 
materials together with creep after 
reloading for two of the materials. 

Several other types of equations have 
been proposed by other investigators 
in the literature. Among these are the 
following: 

Leaderman (3) expressed creep of 
Bakelite under torsion as: 


€= +A logit + Bi (2) 


where ¢ is the strain, / is the time, and 
é), A, and B are constants which are 
functions of stress and of the material. 

The same type of equation has been 
used by Telfair, Carswell and Nason 
(4) for phenolic plastics and later by 
’ Lyons (5) for tire cords. 

Cottrell and Aytekin (6) used a 
modification of the Andrade equation 
for single crystals of metals: 

where ¢ is the strain at time /, €9 is the 
instantaneous strain, and A and B are 
constants. 

The following expression for creep 
derived from the motion of a Kelvin 
and a Maxwell unit in series (7) has 
been used frequently, 


— + Bi (4) 


where constants ¢€9, A, B, and ¢ are 


functions of stress and of the material. 
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The composition and processing of 
this laminate were fully described in 
reference (8). It was molded at a pressure 
of 1800 psi with a cresol and formalde- 
hyde resin. The grade C canvas laminate 
employed in these tests was the same 
from which test specimens were obtained 
for other tests previously reported 
(1,2,8-11). The creep tests reported 
for this laminate in the present paper 
are the same tests reported for this 
material in references (1) and (8) and 
are the same as reported in reference (9) 
as having been started in August 1943. 


4 
MATERIALS 


Grade C Canvas Laminate: 


Asbestos Laminate: 


This laminate was supplied by the 
Synthane Corp. in 1943. It was a 
grade AA laminate made of 18 oz per 
sq yd asbestos fabric having a thread 
count of 18 X 16. The resin employed 
was Bakelite Corp.’s No. 2427, composed 
of xylenol plus formaldehyde with a 
small amount of cresol and a solvent of 
ethyl alcohol. A single stage process 
was used. The laminate was formed of 
20 plies of fabric, parallel laminated, 
containing 47 per cent resin. The press 
was heated with hot water to a tem- 
perature of 340 F. The laminate was 
pressed at 1800 psi and 340 F for 50 min, 
then cooled for 20 min, at which time 
the temperature was 100 F. 


Parallel-Laminated Paper Laminate: 


The composition and processing of 
this laminate were fully described in 
reference (12). The laminate was molded 
of Mitscherlich paper with a phenolic 
resin using a low molding pressure 
(230 psi). The creep tests reported in 
the present paper for this laminate are 
the same tests reported for shorter 


times in references (1) and (12), 


his 


Cross-Laminated Paper Laminate: 

The composition and processing of 
this laminate were fully described in 
reference (8). It was molded of Mitscher- 
lich paper with a phenolic resin using a 
low pressure of 250 psi. The creep tests 
reported in the present paper for this 
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Test RESULTS 


In Fig. 2 are shown results of long- 
time creep tests of grade C canvas 
laminate, parallel-laminated and cross- 
laminated paper laminates, and asbestos 
laminate, respectively, for tests at 
several stresses. In addition to the 


Fic. 1.—Apparatus for Tension Creep Testing. 


laminate are the same tests reported 
for shorter times in reference (8). 


APPARATUS, SPECIMENS AND 


Test PROCEDURE 


The test specimens and procedure 
employed for the creep tests were the 
same as previously described (8). The 
apparatus, shown in Fig. 1, consisted 
of a frame and levers for applying tension 
A, and lever 
type extensometers, B, read by means 
of a measuring microscope, C, to deter- 
mine the strains. 


loads to the specimens, 


creep data, Fig. 2 contains recovery 
data and Figs. 2(a) and (6) contain 
creep data obtained from reloading 
following a period of recovery at no load. 
The creep behavior of all the materials 
was similar in that the rate of creep was 
rapid at first but diminished continuously 
with time. From the strain resulting 
from a given stress in the long-time 
creep data, Fig. 2, it was found that the 
canvas laminate and the asbestos 
laminate were least resistant to creep 
and the cross-laminated paper laminate 
was most resistant to creep. A further 
consideration of this comparison is 
___ in a later section. 
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¢ Grade C canvas laminate. 


(6) Parallel-laminated paper laminate. 


Fic. 2.—Rectilinear Plot of Strain versus Time, Including C reep, Recovery and Reload for 
Laminates at 77 F and 50 Per Cent Relative Humidity. 


The highest stressed specimens of 
each material fractured after a period 
of time. For the canvas laminate, 
the parallel-laminated and the cross- 
laminated paper laminates, a specimen 
fractured after a very long time, 62,000, 
22,000, and 69,000 hr, respectively. It is 
very unusual to obtain creep-rupture 
data for such long times as these for 
any material—metals or plastics. 

Two specimens of grade C canvas 
laminate fractured outside the gage 
length in such a way that the extensom- 


eter could still be read although it had 
slipped during the fracture. Thus, it 
was possible to obtain recovery data as 
shown in Fig. 2(a) for the tests at 6650 
psi and 5700 psi. The strains indicated 
are, of course, much too large because 
of slippage of the extensometer, but the 
change in strain after removal of the 
load is correctly indicated. 

The specimen of parallel-laminated 
paper laminate tested at 7000 psi was 
unloaded at 13,000 hr, and recovery 
readings were made for about 80,000 hr 
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(d) Asbestos laminate. 
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as shownin Fig. 2(a). It was observed that _ existing just before unloading was not 
even in this long recovery time the _ recovered. 

creep was not fully recovered. Approxi- A similar tendency for the recovery 
mately 13 per cent of the elongation to be incomplete was observed in the 
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(a) Grade C canvas laminate (strains corrected for shrinkage). 
(6) Parallel-laminated paper laminate (strains corrected for shrinkage). 


Fic. 3.—Log-Log Plot of Strain versus Time for Tension Creep Tests of Laminates at 77 F and 


50 Per Cent Relative Humidity. 


recovery of the asbestos laminate in 
which about 80,000 hr of recovery data 
were obtained following 6900 hr of 
creep as shown in Fig. 2(d). The same 
tendency was also observed in recovery 
following long-time tests as'shown in 
Figs. 2(a), (6), and (c). 

Upon reloading some of the specimens 
of grade C canvas laminate and parallel- 
laminated paper laminate, creep occurred 
again as shown in Figs. 2(a) and (6). 
The rate of creep on reloading was very 
rapid immediately after loading but 
decreased much more abruptly than on 
first loading. It appeared that after 


_ in Table I, items A 


short interval the creep deformation 
continued as though there had been no 
interruption of the original test stress. 


Long-time Prediction from Creep Equa- 
tion: 


In a previous paper (1) the data for 
the first 2000 hr of creep in the grade C 
canvas laminate and the parallel- 
laminated paper laminate were analyzed 
and found to be described quite well by 
equations of the form of Eq 1. The 
values of the constants as determined 
from the 2000 hr of testing are given 
and D, for the canvas 
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laminate and parallel-laminated paper 
laminate, respectively. The constants 
were determined by plotting log (€ — €o) 
versus log ¢ and adjusting ¢€o until the 
best straight line was obtained. In 
reference (1) it was shown that very 
satisfactory straight lines resulted, which 
indicated excellent agreement with Eq 1. 
It was also observed that the lines for 
tests at several stresses of each material 
were parallel, indicating that the ex- 
ponent was independent of stress. 

In the present paper these log-log 
diagrams have been extended by adding 
the data for the remaining 87,000 and 


Time, hr 


_ (d) Asbestos laminate (strains not corrected for shrinkage). 
= Fic. 3.—Continued. 


89,000 hr, respectively, as shown in 


' Figs. 3(a) and (). Also shown in Figs. 


3(a) and (6) are the straight lines repre- 
senting Eq 1 using the constants deter- 
mined from the first 2000 hr.*? These 
lines thus represent the prediction pro- 
vided by Eq 1 based on observations 
for 2000 hr. For ‘the dita shown, this is 
an extrapolation of over fortyfold, 
which is a prediction of about 10 yr into 
the future from observations of less 

3In Fig. 3(b) the straight line shown for the 
5500 psi stress has been corrected for the slight 
error in slope of the line as shown in Reference 


(1). A corresponding correction of eo has been 
made in Table I. 
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TABLE I.—VALUES OF CONSTANTS FOR EQ 1. 
Material Item Considered %> in. per in. |m, in. per in. 
ysis, hr 
; : i. A | Aug. 1943 2 000 930 | 0.000255 | 0.000528 | 0.1183 
Sy ae a 1 900 | 0.000865 | 0.000968 | 0.1183 
+ ee ae 2 850 | 0.001309 | 0.001475 | 0.1183 
Sa ~~ 3 800 | 0.00215 | 0.00205 | 0.1183 
4 750 | 0.00349 | 0.00247 | 0.1183 
5 700 | 0.00400 0.00363 0.1183 
6 650 | 0.00409 | 0.00535 | 0.1183 
Grade C Canvas Lami- 
SA eae 4 B Aug. 1943 89 000 930 | 0.000600 | 0.000274 | 0.151 
1 900 | 0.001500 | 0.000500 | 0.151 
2 850 | 0.002100 | 0.000859 | 0.151 
: 3 800 | 0.003100 | 0.001240 | 0.151 
4 750 | 0.004000 | 0.001830 | 0.151 
5 700 | 0.005300 | 0.00241 | 0.151 
C | Nov. 1953 1550 | 2 850 | 0.00235 | 0.000461 | 0.1706 
5 700 | 0.00504 | 0.001678 | 0.1706 
D | Aug. 1943 2000 | 2004 | 0 0.000869 | 0.0500 
3 000 | 0 0.001352 | 0.0500 
4 025 | 0 0.00191 | 0.0500 
| 5 500 | 0 | 0.00263 | 0.0500 
: 7 000 | 0 0.00358 | 0.0500 
8 000 | 0 0.00434 | 0.0500 
E | Aug. 1943 | 91 000! 2 004 | 0.000900 | 0.000060 | 0.244 
Pu: 3 000 | 0.001320 | 0.000158 0.191 
4 025 | 0.001830 | 0.000250 | 0.177 
per Laminate........ i 5 500 0.002300 0.000505 } 0.146 
- 7 000 | 0.003000 | 0.000800 | 0.131 
8 000 | 0.003200 | 0.00140 | 0.106 
| | 
ry F | Aug. 1943 | 91 000 | 2 004 | 0.000450 | 0.000368 | 0.114 
Pah 3 000 | 0.000950 | 0.000435 | 0.114 
4 025 | 0.001400 | 0.000593 | 0.114 
5 500 | 0.001900 | 0.000820 | 0.114 
7 000 | 0.002700 | 0.00105 | 0.114 
l 8 000 | 0.003400 | 0.00122 | 0.114 
Cross Laminated Paper Aug. 1944 83 000 2 000 | 0.000550 | 0.000308 | 0.0763 
Laminate. .... @ 4 000 | 0.001200 | 0.000545 | 0.0763 
6 000 | 0.001800 | 0.000930 | 0.0763 
8 000 | 0.002200 | 0.001405 | 0.0763 
10 000 | 0.002800 | 0.00188 | 0.0763 
12 000 | 0.003800 | 0.00246 | 0.0763 
Asbestos Laminate...... H Apr. 1944 6 890 1 400 | 0.001130 | 0.0000730| 0.267 
2 800 | 0.002300 | 0.000191 | 0.267 
4 200 | 0.003950 | 0.000356 | 0.267 


than 3 months’ duration. Figures 3(a) 
and (6) show that the agreement between 
the actual and predicted values of creep 
is excellent for some stresses. The 
greatest deviations of the predicted 
creep curves from the data were: about 


10 and 15 per cent, respectively, for each 
of three specimens of the grade C canvas 
laminate (Fig. 3(a); and about 10 per 
cent or less and 20 per cent for the four 
highest and two lowest stressed tests, 
respectively, of the parallel-laminated 
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paper laminate (Fig. 3(5)). This per- 
centage was determined by taking the 
difference between the extrapolated 
value and the actual creep strain, 
dividing by the predicted strain and 
multiplying by 100 per cent. Some of 
the factors which may have influenced 
the creep tests, and hence the agreement 
with the predictions of Eq 1, are con- 
sidered later. 


Analysis of Long-Time Creep Data: 


An analysis based on the total dura- 
tion of the creep tests was made for each 
material by determining the constants 
by Eq 1 which best represented the 
entire data. The constants obtained in 
this analysis are shown in Table I. 
For the grade C canvas laminate it was 
found that the results were of the same 
order of reliability as those obtained 
earlier from the analysis of the 2000 hr 
data and its extrapolation. 

During analysis of the complete 
data for the parallel-laminated paper 
laminate it was found that the curves for 
different stresses tended to converge 
slightly at large times. The constants 
from this analysis are given as item E, 
Table I. However, by ignoring some of 
the questionable points at the start 
of the test, a different set of constants 
having the same » was obtained (shown 
as item F in Table I). These constants 
made Eq 1 in somewhat better agree- 
ment with all the data than the lines 
shown in Fig. 3(6), which were based 
on the data for the first 2000 hr. 

The constants for Eq 1 obtained from 
analyses of the long-time creep data of 
the cross-laminated paper laminate 
and asbestos laminate are given in 
Table I, items G and dH, respectively. 
The results of these analyses are shown 
together with the test data from these 
two laminates in Figs. 3(c) and (d), 
respectively. The agreement between 
Eq 1 and the test data from the cross- 


laminated paper laminate was very 
satisfactory, as shown in Fig. 3(c), 
except where accidental shocks disturbed 
the tests, especially the tests at the 
lowest two stresses. The data for the 
stress of 4000 psi in Fig. 3(c) have been 
corrected for the effect of shock at 
several points by subtracting the change 
in the strain indication caused by the 
shock from all succeeding observations. 
Corrections for shrinkage were not made 
in Fig. 3(d) because of confusion which 
could not be resolved in the test data 
of the control specimen. 

When long-time tests were started, 
the possibility of describing creep by 
Eq 1 had not been considered, so the 
importance of readings at short time 
intervals for use in log-log plotting was 
not recognized. Thus, very few creep 
data were recorded for times less than 
10 hr. 

As reported earlier (2,13), it was found 
that the exponent » in Eq ! was inde- 
pendent of stress and that the coeffi- 
cients €¢) and m could be expressed as 
hyperbolic functions of stress 


= sinha/o, and m = m’ sinha/om , 


where , m’, and o,, are constants 
Thus Eq 1 could be written as a function 
of stress as well as time as follows: 


= sinh + sinh a/om.. .(5) 


The constants €9', o., m’, and o» have 
been evaluated for the four materials 
tested and are given in Table II. The 
procedure employed in evaluating these 
constants was described previously (13). 
A comparison of creep of the four 
laminates was made by comparing their 
constants in Eq 1 as listed in Table I. 
The values of m and m determine the 
time-dependent behavior. Creep resist- 
ance is the greatest when m and n have 
the smallest values. Comparing the four 
laminates for stresses of approximately 
4000 psi and using the analyses of the 
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entire data, it was observed that the 
cross-laminated paper laminate had the 
smallest value of m with increasingly 
larger values for the parallel-laminated 
paper laminate, canvas laminate, and 
asbestos laminate. This is consistent 
with the qualitative comparison made 
above on the basis of total strain. The 
asbestos laminate had the smallest 
value of m with increasingly larger 
values for the cross-laminated paper 
laminate, _parallel-laminated paper 
laminate, and canvas laminate. 
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grade C canvas laminate was investi- 
gated by performing additional creep 
tests about 10 yr after the first tests 
were started, as described in reference 
(9). The specimens employed in the 
additional tests had been stored at test 
conditions since start of the first tests. 
The amount of creep was reduced by 
aging. At 500 hr the creep was reduced 
with age from 1.17 to 0.99 per cent at 
5700 psi and from 0.42 to 0.37 per cent at 
2850 psi. The constants for Eq 1 obtained 
from tests before and after aging of the 


TABLE II.—CONSTANTS FOR CREEP EQUATION, INCLUDING STRESS 


FUNCTIONS, EQ 5. 
Duration | 
of Test 
Material Date of Test (Considered n €,’, in, per in. |m’, in. perin.| psi | om, psi 
in Anal- | 
ysis, hr 
C Canvas Lami- 
— age Aug. 1943 | 2 000 | 0.1183 | 0.001875 | 0.001875 | 4 000 | 4 000 
teiicisk siete Nov. 1953 1 550 | 0.1706 | 0.00609 0.000303 7 560 | 2 362 
Parallel Laminated Pa- | 
per Laminate........ Aug. 1943 91 000) 0.114 0.00184 0.002019 6 000 14 000 
Cross Laminated Paper 
Laminate........... Aug. 1944 83 000 0.0763 | 0.00315 0.001176 | 12 000 | 8 000 
shestos Laminate..... Apr. 1944 6 890 | 0.267 0.00311 0.0001271, 4 000 | 2 400 
Influencing Factors: canvas laminate are given in Table I, 


Over a 10-yr period many things can 


happen which may influence test results. 
The temperature and relative humidity 
were maintained constant at 77 + 1F 
and 50 + 2 per cent, respectively, 
throughout the testing interval except 
for a number of times when the air 
conditioning failed to function properly. 
These failures were detected by a 
warning system and usually 
corrected within a few minutes to a few 
hours. In one instance, however, the 
humidity was not in control for 35 hr. 
The temperature was rarely affected. 
However, these conditions undoubtedly 

had some effect on the creep. 
Aging of the material probably had 
the greatest influence. Aging of the 


items A and C respectively. It was found 
that €9 and m increased, while m de- 
creased with age. Thus, after aging « 
and m were not equal, as was approxi- 
mately true of the original tests. The 
aging may have resulted from evapora- 
tion of water or other volatile constit- 
uents, further polymerization or de- 
gradation of the polymer or fabric. 
Another factor having some effect 
on creep was the occurrence of uncon- 
trollable shocks to which the equipment 
was occasionally subjected. These shocks 
resulted from fracture of other creep 
specimens or from fracture of specimens 
in large testing machines in the same 
building. The extensometer of the 4000 
psi specimen of cross-laminated paper 
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Fic. 4.—Rectilinear Plot of the Creep Test of Grade C Canvas Laminate at 3800 psi, Together 
with the Prediction of Several Theories Based on the Best Representation for the First 2000 hr. 
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Fic. 5.—Log-Log Plot of the Creep Test of Grade C Canvas Laminate at 3800 psi, Together with 
the Prediction of Several Theories Based on the Best Representation for the First 2000 hr. 
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laminate was especially sensitive to 
shocks, which evidently caused slippage 
of the extensometer, as may be observed 
in the data of Fig. 2(c). 


COMPARISON OF PREDICTION OF 
CREEP FROM DIFFERENT 
4 EQUATIONS 

In order to compare the prediction 
of some of the different equations that 
have been proposed for describing creep, 
Eqs 2 and 4 were tried. The constants 
for these equations which would provide 


* 
t= 


It was observed that, whereas the 
extrapolation of Eq 1 beyond 2000 hr 
described the test data quite satis- 
factorily over the entire 89,000 hr of 
available test data, the extrapolation 
of Eqs 2 and 4 predicted creep greatly in 
excess of that actually observed. The 
largeness of the discrepancies in the 
predictions of Eqs 2 and 4 was due to 
the linear term in each equation. So 
it was decided to investigate the predic- 
tion that would be obtained by dropping 
the linear term from each of Eqs 2 and 4. 


, TABLE III.—VALUES OF CONSTANTS FOR EQUATIONS PLOTTED IN 
FIGS. 4 AND 5. 


Equation Number | in. per in. | in, per in. 


0.00215 | 0.00205 

0.00604 


in. per in. in. per in.-hr hr 
0.1183 
0.000769 3.46 107 
0.00110 4.65 xX 107 0.00548 
0.001 
0.00196 0.0004055 


the best representation of the first 
2000 hr of test data were determined 
for the test of grade C canvas laminate 


at a stress of 3800 psi. This particular 
test was chosen as representing neither 


the best nor the poorest agreement with 
Eq 1, as shown in Fig 3(a). The best 
representations of Eqs 2 and 4 were 
judged by inspection on the basis of 
the best agreement between the test 
data and the equation considering both 
rectilinear and log-log plots. The result- 
ing equations were then extrapolated 
to 89,000 hr. The results are shown in 
Figs. 4 and 5 for rectilinear and log-log 
plots, respectively. The scales shown 
for the former were chosen to permit 
showing the full extent of the test. 
(Different scales were used in deter- 
mining the best set of constants.) The 
values of the constants determined for 
the different equations are given in 
Table III. 


The resulting equations were, respec- 
tively, 


A lam (6) 
— e*)......... (7) 


Equation 7 is the form of creep equation 
predicted by a model consisting of a 
Kelvin unit in series with an elastic 
element. 

The constants in Eqs 6 and 7 were 
determined as before to yield the best 
representation of the data for the 
first 2000 hr. The extrapolations of the 
resulting expressions are shown in Figs. 
4 and 5. It was observed that both 
equations predicted too little creep. In 
fact, Eq 7 was asymptotic to the line 
¢ = € + A and hence predicted a 
nearly constant strain after about 10,000 
hr. Equation 7 could be made to fit 
only a very limited range of the data. 
For the constants given in Table III, 
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Eq 7 described the test data reasonably 
well from 500 to 2200 hr. It would not 
fit well for either smaller or larger 
values of time. 

The fact that Eq 6 was in reasonably 
good agreement with the test data can 
be shown to be fortuitous. This has been 
demonstrated by the fact that creep 
of the poly(vinyl chloride) previously 
shown to be satisfactorily described by 
Eq 1 (13) could not be described with 
any degree of satisfaction by Eq 6. This 
was due to the fact that » of Eq 1 was 
much larger (0.3109) for the poly(vinyl 
chloride) than for the canvas laminate. 

In view of the tendency of the creep 
test data of the asbestos laminate 
toward an upward curvature on the log- 
log plot, Fig. 3(d), the possibility that 
Eq 4 might describe the data better 
than Eq 1 was investigated. It was found 
that Eq 4 could be made to describe the 
data only over a very limited range. It 
would not describe either the early 
or late portion of the test when adjusted 
to describe the middle portion. 

Thus it may be concluded that of the 
equations considered Eq 1 yields the 
most accurate prediction for all the 
materials investigated. 


ANALYSIS AND DISCUSSION OF 
RECOVERY AND RELOAD 
TEsts 


The Superposition Principle: 


In a previous paper (14) an extension 
of the tests reported in reference (13) 
was presented. These tests included 
creep under a sequence of different 
stresses. The analysis of these tests 
showed (14) that the superposition 
principle was the most successful of four 
theories considered for predicting creep 
resulting from a change in stress. 

The superposition principle was 
applied to the present long-time tests 
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to predict recovery and reload creep. In 
the tests considered in the present 
paper, the changes in stress in any test 
are of the same magnitude on both 
loading and unloading. Hence, the 
difficulty due to nonlinearity in the 
stress term as discussed previously (14) 
did not complicate the present analysis. 
The superposition principle when applied 
to recovery following creep requires 
that the strain at a given time during 
recovery be equal to the algebraic sum 
of the following strains: the strain that 
would have resulted had the creep test 
continued at constant stress to the given 
time and the strain that would result 
at the given time from a stress equal 
in magnitude but opposite in sense to 
the original stress applied to an untested 
specimen at the time corresponding to 
unloading. In terms of Eq 1 the strain 
during recovery may thus be written: 


€= @ + — + mt — 
or 
e = mi™ — m(t — 4)".........(8) 


where /; is the time at which unloading 
occurs. 

Similarly, the strain that would occur 
following reloading at time /, would be 
given by: 


€ = + mi” — mit — 4)" + mi — by)", 
t>te> th. .(9) 


Equations 8 and 9 were employed to 
calculate the recovery and_ reloading 
creep respectively for grade C canvas 
laminate and the _parallel-laminated 
paper laminate. Recovery was also 
computed for the cross-laminated paper 
laminate, but was not computed for the 
asbestos laminate owing to the poor 
agreement between the creep data and 
Eq 1 for this laminate. These computa- 
tions were made using the values of the 


iD 
r 
4 
9 
4 


> = 


854 


constants for the creep tests given in 
Table I, items A, D, and G, respectively. 
No corrections were made for any lack 
of agreement between the test data and 
the predictions of the theory at the 
time of unloading. The computed 
recovery and reload creep are shown for 
comparison with test data of canvas 
laminate and parallel-laminated paper 
laminate in Figs. 2(¢) and (6). The 
comparison for recovery only of cross- 
laminated paper lamirate is shown in 
Fig. 2(c). 

The magnitudes of the strains pre- 
dicted both for recovery and for creep 
on reloading were in fair agreement 
with the test data. For the grade C 
canvas laminate, the predictions and 
test results were best for the lowest 
stresses. The predictions were low for 
recovery from higher stresses. For the 
paper laminates, the predicted recovery 
curves were low for all stresses. However, 
the predicted rate of recovery and pre- 
"dicted rate of creep on reloading were 
substantially greater than the corre- 
sponding rates actually observed. The 
rate of recovery following creep predicted 
by the superposition principle for a 
thermoplastic, poly(vinyl chloride), was 
also found to be greater than the ob- 
served rate of recovery as reported 
earlier (15). These observations suggest 
that the superposition principle is not 
entirely reliable. However, these ob- 
servations may result, in part, from 
aging of the materials. This aging may 
possibly have affected the creep behavior 
on unloading and reloading. 

It should be noted that the extensom- 
eters employed were not originally 
intended to follow reversals of strain, 
so that some error due to back-lash 
in the mechanism may have influenced 
the recovery tests. The fact that the 
agreement between prediction and ob- 
served data on reloading was better 
than during recovery suggests that some 
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of the extensometers may not have 
followed reversal of strain accurately. 


CONCLUSIONS 


In view of the data presented for 
creep tests at several stresses covering a 
duration of approximately ten years on 
several plastic laminates, it was con- 
cluded that the equation « = € 9 + mi” 
is a useful expression for describing 
creep and for predicting long-time 
creep of the plastic laminates investi- 
gated at constant stress, temperature, 
and humidity. This equation more 
closely represented long-time creep 
tests of the laminates reported than 
other creep equations investigated. _ 
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PAY 
Mr. KenneEtH H. (presented 
in written form).—This paper represents 
the authors’ pioneering efforts in estab- 
lishing and maintaining a fundamental 
long-time creep program on plastics. 
Creep investigators of building materials 
and structural parts appreciate the prob- 
lems enceintered and the patience re- 
quired in long-term creep testing. 

We at the Forest Products Laboratory 
have been following Mr. Findley’s work 
since 1944 with a great deal of interest. 
We have been studying the development 
and application of his basic equation (Eq 
J) with its accompanying hyperbolic sine 
functions of stress to describe the con- 
stants ¢) and m. We have also reviewed 
other types of equations and have con- 
cluded that the authors’ Eq 5 also repre- 
sents, to a fair degree of accuracy, the 
stress-time-strain relationship of tension 
tests of glass-reinforced plastic laminates. 
We find that it represents strain observa- 
tions on either polyester or epoxy resin 
laminates that are reinforced with glass- 
fiber mats, straight glass fibers, woven 
rovings, or fabrics. Tests are currently 
being made in cooperation with the Navy 
Bureau of Ships on seven types of lam- 
inates that have had exposures up to 4 yr 
in conditions of 73 F and 50 per cent rela- 
tive humidity atmosphere and at 73 F in 
water. Some tests have been made at 
both 0 and 45 deg to warp of a typical 
fabric laminate. 


1 Engineer, U 
Forest Service, 
Madison, Wis. 


. 8. Department of Agriculture, 
Forest Products Laboratory, 


DISCUSSION 


We find that the constants are easily 
equated to smooth curves that average 
the observed data. The values of the 
constants that are available on five types 
of laminates are presented in the accom- 
panying Table IV for comparison with 
similar values in the author’s Table IT. As 
the authors have pointed out, these 
values may be used to compare the re- 
sistance of materials to creep. Still an- 
other use of such values is to establish 
curves computed from these values at 
various stress levels below the stress-rup- 
ture limit and for extended periods— 
even 10 yr—as in the authors’ experi- 
ments. Such a typical family of curves is 
presented in accompanying Fig. 6. The 
strain is shown as the ordinate on a uni- 
form scale, the time to the n” power as 
an abscissa, and lines of constant stress 
are plotted to intersect the ordinate at 
zero time. The limit of these constant 
stress lines is, of course, the conventional 
stress-rupture curve. 

Mr. FRANK W. REINHART? (presented 
in written form).—The information pre- 
sented in this paper is unique and ex- 
tremely valuable. Information of this 
kind has been needed for a long time and 
the authors are to be commended for 
their good work and the patience that is 
required to follow the project for this long 
period. 

The authors have attempted to answer 
or have indicated that they are aware of 

2 Chief, Plastics Section, U 


Commerce, National 
Washington, D. C. 


. 8. Department of 
Bureau of Standards, 
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_ TABLE IV.—SUMMARY OF CONSTANTS DESCRIBING TENSILE © 
STRAIN-TIME-STRESS CURVE. 


Pi 


+ m’t” sinh — 
om 


Glass-reinforced Plastic Laminates Condition Per! oe, psi m’, n 
. : Dry 0.0034 | 15 000 | 0.000445 | 14 000 | 0.090 
>, > 
Polyester resin plus 181 fabric...... 4 Wet 0.0330 | 80 000 | 0.000170 | 13 000 | 0.210 
Polyester resin plus mat............. Dry 0.0067 8 500 | 0.0011 8 500 | 0.190 
Dry 0.0057 | 25 000 | 0.000500 | 50 000 | 0.160 
Wet | 0.0250 | 80 000 | 0.000055 | 11 000 | 0.220 
Dry | 0.0015 | 10 000 | 0.000220 | 8 600 | 0.100 
Polyester resin plus No. 1000 fabric. 4 Wet 0.0280 | 80 000 | 0.000108 6 500 | 0.190 
Polyester resin plus glass woven rov- { Dry | 0.0180 | 40 000 | 0.00100 | 22 000 | 0.200 
Wet 0.0206 | 40 000 | 0.01460 | 40 000 | 0.230 
(Time, hr)?" 
0 2 3 4 5 6 7 8 9 
T 
i Average Data (1,000 psi) 
—-— Typical Exomple of Observed Dota 
0.024 Discontinued 
35, 
0.020 
L—T 
© | 25 
Line 20 
a wai 
0.008 = 
70 
0.004 
5 
Time, hr 


Fic. 6.—Design Curves of Average Tensile Strains of Glass-Reinforced Plastic Laminate (Poly- 
ester Resin with 181 Fabric) Tested in Water at 73 F. 


many of the problems that study of their 
results would raise in the minds of the re- 
viewers. One point to those interested in 
other types of plastics might be consid- 
ered further. We wonder whether the 
principles developed can be used to pre- 


dict, within a reasonable degree of ac- 
curacy, the creep behavior of thermo- 
plastics. The basic differences in structure, 
that is, highly crosslinked resin versus 
little or no crosslinking and the presence 
of reinforcing materials that are fairly 
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resistant to creep versus their absence, 
may be highly significant factors not only 
in the extent of creep but in the creep 
pattern or behavior. Some remarks by 
the authors on this extrapolation and on 
the comparison of their conclusions with 
those of Knowles and Dietz’ and Schnei- 
der* would be helpful. 

Mr. E. E. Txuum.*—The question 
which comes to my mind, being a metal- 
lurgist, has to do with crystalline struc- 
ture of these materials. It would seem 
reasonable to suppose that action under 
creep would be closely related to the crys- 
talling makeup—the space lattice of the 
atoms (or, in the case of organic com- 
pounds, the molecular arrangements). 

I would hesitate very much to take 
data for material of one sort (plastics) 
and translate it to the other (metals). 
Can the author or anyone in the audience 
comment on this—recognizing of course 
that we know all too little about the real 
mechanism of creep even in metals de- 
spite the enormous amount of work which 
has been done. 

Another comment I would like to make 
is that the term “high temperature’’ is 
strictly relative. What is high for one ma- 
terial is not high for another. You will 
find in the literature—and certainly, if 
not in the literature, then in the records 
of the American Steel and Wire Co.—in- 
formation on a very long-time test on 
cold-drawni bridge wire. The chief metal- 
lurgist at the time of the Mt. Hope bridge 
failure in the 1920’s had had in his office 
a 10-ft length of cold-drawn bridge wire 
from which was hanging a very sizable 
weight. He had been watching its exten- 
sion (or lack of extension) for many years. 

3 J. K. Knowles and A. G. H. Dietz, ‘Vis- 
coelasticity of Polymethyl Methacrylate—An 
Experiment and Analytical Study,” Transac 
tions, Am. Soc. Mechanical Engrs., Feb., 1955, 
W. Schneider, “Physical Properties of 
Unmodified Rigid PVC,” Technical Papers, 
12th Annual National Technical Conference, 
Vol. II, Soc. Plastics Engrs., Jan., 1956, p. 218. 


5 Editor of Metal Progress, Am. Soc. for Met- 
als, Cleveland, Ohio. 
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I mention this to remind you of the ex- 
istence of at least one bit of information 
about very long-time steady loading of a 
structural metallic material. 

Mr. N. Batat.*—I would like to make 
some comment on metallic structures. 
We have currently three different steels 
in high-temperature tests: at 800 F, 900 
F, and we are beginning some at 1000 F. 
The steels are all essentially martensitic. 
These steels are: (1) Crucible’s Super 
Hytuf, (2) Universal Cyclops Thermold 
J tool steel, and (3) Vanadium Alloys Al- 
loys Steel Vaseo Jet 1000. The 4000 and 
5000-hr data we have currently indicate 
that the creep strength is alloy depend- 
ent. The Vasco Jet 1000, which is nickel- 
free, is substantially more creep resistant 
than the Universal Cyclops Thermold J 
which contains 13 per cent nickel. The 
lean alloy steel represented by Crucible 
Super Hytuf is not creep resistant at all 
although all three steels originally were 
at the same hardness level of around 48 
to 50 Rockwell C. The tempering tem- 
peratures of all three steels were above 
1000 F in order to prevent softening of 
the structures during the elevated tem- 
perature tests. 

Mr. W. N. FINDLEY (author)—The re- 
marks of the discussors are very much ap- 
preciated. It is gratifying to receive the 
results of additional tests reported by 
Mr. Boller which confirm the usefulness 
of the equations employed by the au- 
thors. 

In answer to Mr. Reinhart’s questions, 
the results of tension creep tests reported 
for the thermoplastics, polystyrene,’ 
polyethylene, polymonochlorotrifluoro- 


® Associate 
Engineering, 
Lemont, Ill. 

7™W.N. Findley, J. J. Poezatek and P. N. 
Mathur, “Prediction of Creep in Bending from 
Tension Creep Data When Creep Coefficients 
Are Unequal,’ Transactions, Am. Soc. Mechani 
cal Engrs., Vol. 80, Aug., 1958, p. 1294. 

8 W. N. Findley and Gautam Khosla, “An 
Equation for Tension Creep of Three Unfilled 
Thermoplastics,” Journal, Soc. Plastics Engrs., 
Vol. 12, No. 12, Dec., 1958, pp. 20-25. 


Reactor 
Laboratory, 


Mechanical Engineer, 
Argonne National 
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ethylene,’ and polyviny! chloride* are in 
good agreement with Eq 1 (and also 
with Eq 5). The duration of these tests 
was 500 to 2000 hr. Tests of thermoplas- 
tics now in progress have exceeded 10,000 
hr but have not been analyzed. The tests 
reported indicate that the creep behavior 
is similar for both cross-linked and linear 
polymers when the total strain encoun- 
tered during creep is small (less than, say, 
4 per cent). For larger strains, differences 
in behavior may be observed. For exam- 
ple: in polyvinyl chloride, local flow or 
necking may begin; in tension, cross- 
linked materials fracture before large 
strains are encountered; and in compres- 
sion® cross-linked materials may become 
much more resistant to creep as the 
strain approaches certain values. This is 
due to the effect of the primary bonds of 
the cross-linked structure restraining the 
flow. 

Regarding the comparison requested 
by Mr. Reinhart between the conclusions 
of Knowles and Dietz’ and Schneider* 
and the conclusions of the present paper, 
the following may be appropriate. The 
Knowles and Dietz paper presents test 
data on methacrylate for creep, relaxa- 
tion and constant strain rate tests. The 
duration of the creep and relaxation tests 
were about 0.05 hr as compared to about 
90,000 hr for some of the tests reported 
in the present paper. The Dietz paper 
employs a modified Boltzmann super- 
position relationship for predicting creep 
and constant strain rate behavior from 
stress relaxation tests. The agreement 
with the data was rather satisfactory. 
However, Knowles and Dietz conclude in 
their closing statement that the “equa- 
tions describe adequately only those ex- 
periments whose durations are roughly 
the same as that of the relaxation tests 
from which the values [of.the constants] 
were obtained.” The equation employed 

*K. Ito, “A New Simple Measuring Method 
for Temperature Dependence of Mechanical Be- 
haviors of High Polymer Solids,” Journal, Sci- 


entific Research Inst., Japan, Vol. 48, No. 1359, 
p. 154 (1954). 
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in the present paper was reasonably suc- 
cessful in predicting creep after 90,000 
hr from data of only 2000 hr duration. 

In the present paper, no comparison be- 
tween creep, relaxation or constant rate 
testing was given. However, such com- 
parisons employing the equation used 
in the present paper are given else- 
where.'°'' The comparison of creep and 
relaxation is given for both a thermoset- 
ting plastic (a phenolic laminate) and a 
thermoplastic (poly (vinyl chloride))." 
The agreements for these methods were 
also quite satisfactory as shown in the ref- 
erences. I do not wish to imply, however, 
that the Boltzmann superposition princi- 
ple is unsatisfactory. As indicated previ- 
ously,” I feel that it is the most promis- 
ing principle available for predicting time 
dependent behavior under changing 
stress. It may be appropriate to recall 
that the method employed by Knowles 
and Dietz requires curve fitting to deter- 
mine an expression for the relaxation 
curve. In the present paper the fitting 
was done to a creep curve. 

Perhaps the main reason that the 
method employed by Knowles and Dietz 
does not predict creep accurately beyond 
a time equal to the duration of the re- 
laxation tests lies in the choice of the 
Kohlrausch memory function. This func- 
tion yields creep and relaxation func- 
tions, both of which express time in an 
exponential function of the form 

(1 — 
This function has the same difficulty as 
that described for Eq 7 of the present 
paper in that the influence of time decays 
10W. N. Findley, ‘Derivation of a Stress- 
Strain Equation from Creep Data for Plastics,” 
Proceedings, First National Congress of Applied 

Mechanics, pp. 595-602 (1952). 

N. Findley, “Prediction of Stress Re- 
laxation from Creep Tests of Plastics,’ Proceed- 
ings, Third National Congress of Applied Me- 
chanics, pp. 521-526 (1958). 

122W.N. Findley and G. Khosla, ‘‘Applica- 
tion of the Superposition Principle and Theories 
of Mechanical Equation of State, Strain and 
Time Hardening to Creep of Plastics Under 
Changing Loads,” Journal of Applied Physics, 
Vol. 26, No. 7, July, 1955, pp. 821-932. 
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rapidly and the function is asymptotic 
to a constant (constant strain in a creep 
test, constant stress in a relaxation test). 
For the constants employed by Knowles 
and Dietz the stress in the relaxation test 
predicted by this function will be within 
2 per cent of the asymptotic (constant) 
value in 400 sec and within 0.04 per 
cent within about 3 hr. Similar, but not 
exactly the same, conditions are pre- 
dicted for creep. These predictions are 
not in agreement with those data on 
plastics from tests of longer duration 
which have come to my attention. 

The paper by Schneider* employs the 
same method as that by Knowles and 
Dietz and presents data for stress relax- 
ation of a polyvinyl chloride for 16 hr. 
No data for comparison of creep and 
constant strain rate prediction are pre- 
sented. The main conclusion drawn ap- 
pears to have dangerous implications, 
however. It says “. .. by employing this 
equation [obtained from relaxation tests], 
reliable creep data can be developed 
more rapidly than by measuring creep 
under constant load over an extended 
period of time. In a matter of a few 
weeks, data can be obtained which would 
otherwise take several years.” This con- 
clusion is at variance with that of 
Knowles and Dietz. Also, whatever 
methods of prediction are employed, 
predictions are not factual data and 
actual test-may be found to refute even 
the most profound theory. 

Mr. Thum raised the question of the 
possibility of translating the data from 
one class of material for use in predicting 
the behavior of another. Such a transla- 
tion is something only an engineer would 
attempt, of course, but an engineer must 
always come up with an answer using 
the best methods available. However, it 
has been found that the equation em- 
ployed in the present paper is applicable 
to creep of some metals, at least in the 
so-called primary stage of decreasing 
creep rate. For example, creep of oxygen- 
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free copper at room temperature was 
found to be describable by Eq 1 as 
shown by the fact that a linear relation- 
ship was obtained by plotting the log of 
the “plastic” strain versus log time. 

The hyperbolic sine function employed 
in Eq 5 was derived from the reaction 
rate theory and was first shown to be 
applicable to metals." It is also identical 
in form to the empirical expression pro- 
posed earlier for the stress dependence 
of the creep rate of metals.'5 

In addition to the long-time creep 
test of metals mentioned by Mr. Thum, 
another very long-time creep test of 
metals was described in 1943.!* It con- 
sisted of four tension creep specimens of 
a wrought nickel-chromium steel tested 
at 842F for 100,000 hr. The plotted 
curves for these tests show that the 
creep rate decreased continuously for 
about 30,000 hr. A few years ago W. I. 
Mitchell and the author made an anal- 
ysis of these data and found that the 
creep curves could be satisfactorily de- 
scribed by Eq 1 up to about 5000 hr 
when € was taken negligibly small. Be- 
yond this time, the creep was greater 
than predicted by Eq 1. Since Robinson 
found from metallurgical examinations 
before and after the tests that banding 
occurred during testing, it may be that 
the changing structure of the material 
was a factor. In the analysis referred, to 
it was assumed that the effect of changing 
structure might be an exponential func- 


BE. A. Davis, “Creep and Relaxation of 
Oxygen-Free Copper,’”’ Journal of Applied Me- 
chanics, Vol. 10, No. 2, June, 1943, p. A101. 

4 W. Kauzmann, ‘Flow of Solid Metals from 
the Standpoint of the Chemical-Rate Theory,” 
Transactions, Am. Inst. Mining and Metallurgi- 
eal Engrs., Inst. Metals Div., Vol. 143, p. 57 
(1941). 

P. G. McVetty, “Creep of Metal at Ele- 
vated Temperatures—The Hyperbolic Sine Re- 
lation between Stress and Creep Rate,” Trans- 
actions, Am. Soc. Mechanical Engrs., Vol. 65, 
No. 7, Oct., 1943, p. 761. 

16E. L. Robinson, ‘100,000-Hour Creep 
Test,” Mechanical Engineering, Vol. 65, No. 3, 
March, 1943, 
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tion of time. When this was tried it was 
found that the entire 100,000 hr of the 
creep curves could be represented rea- 
sonably well by the following equation: 


e = meDin, 


where ¢ was the total strain, ¢ the time, 
m” was a function of stress, D was a 
constant having the value 0.000,009,94 
and m was a constant independent of 
stress. 
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The data presented by Mr. Balai add 
another confirmation of the facts that 
creep resistance may be markedly af- 
fected by even slight changes in some 
constituents of alloys as well as small 
changes in environmental factors. His 
observations also confirm the experience 
of other investigators that hardness at 
room temperature, and for that matter 
other strength tests, are not necessarily 
indicative of creep resistance of metals. 
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“ EVALUATION OF A SINGLE-SHEAR SPECIMEN FOR SHEET 


MATERIAL* 
By W. W. Bretnvet,! C. L. Sere, R. L. Cartson® 
» 


A single shear-type specimen which provides values of ultimate shear 
strength has been evaluated. As a check on the general applicability of this 
type of shear specimen, annealed and cold-rolled type 304 stainless steel, 
,2024-T3 aluminum alloy, and annealed 6Al-4V titanium alloy have been 
tested. The single shear-type specimen provides satisfactory results by the 
proper selection of the critical specimen dimensions—thickness, width, and 
length of shear path. Within a certain range of these variables, constant 
values of shear strengths can be obtained. This suggests that the value ob- 
tained is a constant for the material. Beyond the acceptable range of dimen- 
sions, buckling or tearing occurs. Proper design is achieved in specimens 
for which the critical loads for tearing and buckling are above that required 


SYNOPSIS 


for failure by shear. 


A knowledge of the response of 
materials to shear stresses is of consider- 
able interest in the design of a number of 
structural elements. The presence of 
shear stresses in shafting subjected to 
torsional loading presents, for example, 
a common design problem. No particular 
difficulty is, however, normally attached 
to this problem. The indices required for 
describing-the response and the capacity 
of a given material under torsional 
loading can be readily obtained by the 
use of relatively simple test ‘specimens 
and procedures. The essential features of 
this type of loading can be easily isolated 
within the specimen gage section, and 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 
Principal Mechanical Engineer, 
-morial Institute, Columbus, Ohio. 
2 Senior Technical Assistant, Battelle Memo- 
Institute, Columbus, Ohio. 
3 Assistant Division Chief, Battelle Memo- 
Institute, Columbus, Ohio. 
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the results are quite amenable to analysis 
and interpretation. 

Another important structural element 
subjected to shear stresses is the shear 
web. Here, the shear properties of in- 
terest are those of a sheet material. The 
problems associated with obtaining valid 
experimental shear-property data for 
sheet materials are formidable. Ramberg 
and Miller (1)* have presented a good 
summary of the difficulties involved in 
the course of a review of methods that 
have been proposed. Of ten methods 
cited, all but two were of questionable 
value because the desired shear stresses 
could not be satisfactorily produced and 
isolated within a_ well-defined gage 
section. 

The two methods that possessed the 


‘The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 868. 
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most promise involved the use of a 
twisted square plate (1) and an annular 
specimen (2). In each method, a shear- 
stress versus shear-strain curve into the 
plastic region can be obtained. 

The above methods are of definite 
interest since they provide a detailed 
description of the response of a sheet 
material to increasing shear stresses. 
There is, however, also an interest in 
shear tests that provide more limited 
information. In these, the value or index 
of interest is the ultimate shear stress. 
In terms of design this provides, in 
essence, a limiting capacity or “ceiling” 

J 


value. 
Cut 


Drill and Ream Drill 0.0625" 2 Holes 


0625; AX (Shea Path) 


Fic. 1.—Single Shear Specimen. 


By being less “demanding,” this more 
elementary type of test can be quite 
simple. Ideally, it should satisfy certain 
requirements: it should not be based on 
involved assumptions or elaborate analy- 
sis, it should be possible to perform the 
test on standard equipment with simple 
fixtures. 

Several shear-test methods that 
satisfy, at least partially, the above 
requirements have been proposed, and 
some of them have been evaluated by 
Fenn and Clapper (3). One of the 
methods evaluated makes use of the 
“single-shear” specimen, and it is of 
particular interest for sheet materials. 
The single-shear specimen, which is 
illustrated in Fig. 1,5 was apparently 


5 It is important to note that values have not 
been assigned to W and h. In the course of the 
discussion, it will be found that “proper” values 
of W and h vary with sheet thickness and mate- 
rial. 
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first suggested by Davis et al. (4). Al- 
though the specimen has been used in 
several laboratories, there does not seem 
to have been any systematic evaluation 
of it. 

The objective of the studies sum- 
marized by this paper was to provide a 
systematic evaluation of the single-shear 
specimen. The results presented consist 
of a general discussion of the influence of 
specimen dimensions on the nature of 
failure, and a summary of experimental 
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data that illustrate the range of behavior 
possible. 


GENERAL DISCUSSION 


To provide a background against 
which to evaluate the data obtained in 
the studies summarized in this paper, a 
brief discussion of the nature of the 
loading developed in the single-shear 
specimen will be presented. The essential 
features of the single-shear specimen are 
represented in the drawing of Fig. 2. 
In Fig. 2, the dashed line between B and 
C represents the shear path. Ideally, 
failure should occur along the shear path 
with the remainder of the specimen 
remaining essentially undistorted. 

To analyze the type of loading de- 
veloped in the region adjacent to the 
shear path, it is helpful to make use of 
the free body outlined by the points 
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Fic. 3.—Shear Zone Free Body (a) and 
Lateral’ Buckling of a Beam (6). 
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comparison to the dimension h to produce 
the “critical” shear stress along C-B 
before the “critical” tension is developed 
at C. 

The two modes of failures noted above 
involve areas across C-D and C-B. Since 
the thickness is common for both of 
these areas, it would appear that critical 
conditions for ensuring shear failure 
rather than tensile failure could be 
developed in terms of an inequality in 
which it is stated that W must be greater 
than # by a certain amount. Experi- 
mental results to be presented in this 
paper will show that where these two 


TABLE I.—MECHANICAL PROPERTIES.* 


Mechanical Properties 
Alloy Material Description Elongation Ultimate Elastic 

irection in 2 in., t % ulus, 
5 per cemt 
6Al-4V....... 0.095-in. sheet Longitudinal 13.4 125 700 | 140 000 | 14.5 X 10° 
GAb-4OY........ 0.095-in. sheet Transversal 14.6 132 500 | 138 000 | 16.2 
2024-T3 Porer 0.040-in. sheet Longitudinal 18.1 54 000 72 900 | 10.0 
rer: 0.050-in. sheet Longitudinal 75 37 300 92 500 a. 


* All values as stated represent an average of 2 or 3 tests. 


A, B, C, and D. This free body has been 
redrawn in Fig. 3(a) with the type of 
loading that would be developed by the 
external load P. 

An inspection of Figs. 2 and 3(a) will 
indicate that two obvious modes of 
failure are possible. One mode of failure 
is in shear along the line B-C, as men- 
tioned previously. It can be readily seen, 
however, that a second mode’ of failure 
could occur along the line C-D, if the 
dimension W became sufficiently small. 
The second failure would be a tensile- 
type failure that would initiate at C 
and proceed toward D. Initiation at C 
would be due to the tensile stress de- 
veloped by the load P and the bending 
moment M, and the stress concentration 
at C. To avoid initiation of failure from 
C to D, it can be seen then, that the 
dimension W must be large enough in 


failures are involved, this deduction is 
correct. 

The two modes of failure discussed 
thus far have involved only the dimen- 
sions W and h and were independent of 
the thickness. A third less obvious mode 
of failure is due to buckling. The critical 
load for buckling depends not only on h 
and W, but also on the thickness. By 
referring to Fig. 3(a), it can be seen that 
if kh and W are held constant but the 
thickness is reduced, the moment M can 
eventually be expected to become critical 
and to produce lateral buckling. This 
type of buckling (5) is more easily 
recognized by the similar but simpler 
loading illustrated in Fig. 3(6). It can 
also be illustrated by holding a piece of 
paper along any edge which would cor- 
respond to the side C-B, and applying a 
moment to the top edge of the paper 


4 
| 


which would correspond to the side C-D. 
The nature of the buckling obtained is 
then apparent. 

The above discussion has indicated 
that failure can occur in single-shear 
specimens by one of three modes. The 
mode that will be in effect will be the 
one which becomes critical at the lowest 
load. Ideally, failure should be in shear 
along the plane normal to the surface of 
the specimen and along the axis of load- 


SINGLE-SHEAR FOR — 


0.020 and 0.050 in. thick. The stainless 
steel was evaluated in the annealed and 
cold-rolled conditions and the titanium 
alloy was tested only in the annealed 
state. All specimens of a given alloy were 
obtained from the same sheet. The 
mechanical properties are given in 
Table I. 

The specimen blanks were cut from a 
flat sheet with the desired orientation 
with the rolling direction. The blanks 
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ing. If the tensile stresses produced in 
the specimen reach a critical value 


before the ultimate shear strength is specimen was inspected for dimensional 

, reached, however, failure will be on a accuracy and flatness was assured by 

plane perpendicular to the axis of loading checking on a surface plate. 

, and across the width of the specimen. The thickness of the specimen was 

4 If the bending moment in the plane of determined by using a minimum of three 

‘ the specimen becomes critical before micrometer readings within the region of 

, either the critical shear or tension stress shear and the average recorded. The 

. values are produced, a form of lateral length of the shear path was measured 

| buckling can be expected. on both faces by means of an optical 

comparator. 

y MATERIALS AND PROCEDURES Tests were performed on a universal __ 

: T'. sheet materials used in this hydraulic testing machine. The loading 

, evaiuation were: titaniumi alloy 6Al-4V_ shackles were of the self-aligning type 

f in thickness varying from 0.020 to 0.095 and consisted of hardened and ground 

, in.; aluminum alloy, 2024-T3, 0.020 and steel plates in double shear. The head ha 

B 0. 040 j in. thick; stainless steel ‘ype 304, travel was kept constant at 0.03 in. per 


Fic. 4.—Ultimate Shear Strength versus W/h. 


were machined, sawed, and drilled to the 
specifications as shown in Fig. 1. Each 


365 
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min. All tests discussed in this paper 
were performed at room temperature. 

In the discussion to follow, the ulti- 
mate shear strength is defined as the 
maximum load divided by the shear area 
(length of shear path, /, times the sheet 
thickness, /). In all tests, it was observed 
that the fracture load was equal to or 
less than the ultimate load. 


Discussion OF RESULTS 

Three modes of failure were described 
earlier in this paper. In the discussion to 
follow, test data will be used to demon- 
strate the manner in which transitions 
from shear to tearing failures and shear 
to buckling failures occur. 

The results on the annealed 6AI-4V 
titanium alloy as shown in Fig. 4 provide 
an example of a transition from shear to 
tearing failure. In these tests ¢ and W 
were held constant and # was varied. 
For W/h values greater than about 2.5, 
the specimens failed by shearing, and 
the value of the ultimate shear strength 
was constant. For W/h values less than 
2.5, however, the specimens failed by 
tearing. The result of a transition from 
satisfactory shear failure to unsatis- 
factory failure by tearing is clearly 
illustrated by this plot. The “critical” 
load for tearing drops below the “criti- 
cal” load for shear at about W/h = 2.5. 

The third possible mode of failure is 
by buckling. As sheet thickness is 
decreased, it should be possible to ob- 
serve a transition from failure by shear- 
ing to failure by buckling. Specimens 
were, therefore, prepared from the same 
sheet of 6Al-4V to illustrate the third 
mode of failure-buckling. In this series 
of tests the W and & values were held 
constant and ¢ was varied. Figure 5 
illustrates the results of this experiment. 
The fixed value of W/h = 3.3 was found 
to be satisfactory only for thicknesses 


greater than about 0.025 in.® For thinner 
specimens, the more complicated failure 
by buckling was observed. 

To illustrate also the change in the 
resistance to buckling of variations in the 
value of W/h, the dashed curves of 
Fig. 5 have been included. By increasing 
the W/h value, the resistance to buckling 
would be increased. Satisfactory shear 
tests could, therefore, be conducted on 
sheet thinner than 0.025 in. If, however, 
the W/h value were decreased, the 
resistance to buckling would decrease 


'10 TBuckling for 7< 0.025 in 

< 100 000 When =3.3-4+—4+— 

90000 + + 

80 000}—}/ } 

5 70 \ 

= 60 000}—+ ws 0628 in. 

w/h >3.3__| | A= 0.187 in 

= 50 000 we (Transverse) 

400005~3 3456789 10 

5 Sheet Thickness, in 
Fic. 5.—Ultimate Shear Strength versus 


Sheet Thickness for Annealed 6Al-4V Titanium 
Alloy. 


and satisfactory shear tests could be 
conducted only for thicknesses greater 
than 0.025 in. 

In considering failures by buckling, it 
is important to emphasize that this mode 
of failure may be confused with failure 
by tearing. The two modes are distinct, 
however. In tearing, the sheet remains 
essentially in its original plane. During a 
buckling failure, the corner at point A 
of Fig. 2 tends to come out of the original 
plane of the sheet. If the shear specimen 
is strained after the buckling load is 
reached, a tearing action can initiate at 


® It should be noted that the ultimate strength 
indicated in Fig. 5 is about 92,000 psi, whereas a 
value of about 78,000 psi was indicated in Fig. 
4. These specimens were, respectively, for the 
transverse and longitudinal directions. A 
directionality of properties is also indicated for 
this material in Table I. 
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SPECIMEN FOR SHEET MATERIAL 


point B or C. Tearing in this instance, 
however, occurs after buckling. 

The three modes of failure have also 
been observed in tests on single-shear 
specimens of the aluminum alloy 2024- 
T3. The results of Fig. 6 indicate that a 
transition from shearing to tearing occurs 
at W/h less than about 2.5 for the 
0.040-in. sheet. For 0.020-in. sheet, a 
transition from shearing to buckling 
occurs at about W/hk = 4. This again 
illustrates that the operative mode of 
failure is determined by the dimensions 


resistance to buckling is even more 
impressive when it is noted that it was 
achieved with a marked decrease in 
thickness. This, in the absence of cold 
working, would have a tendency to re- 
duce the resistance to buckling (see, for 
example, the curves of Fig. 5). The 
results, therefore, suggest that for a 
type 304 stainless steel specimen of 
hardness equivalent to the cold-rolled 
specimens, but of a thickness of, say, 
0.040 to 0.090 in., it would be expected 
that constant values of ultimate shear 
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Fic. 6.—Ultimate Shear Strength versus W/h for 2024-T3 Aluminum Alloy Sheet. » 


t, h, and W. It is important also to note 
again that the ultimate shear strength is 
essentially constant for satisfactory shear 
failures. 

When plastic behavior is involved in a 
buckling problem, the work-hardening 
characteristics of the specimen material 
are a factor in determining critical condi- 
tions. To illustrate this effect, results for 
annealed and cold-rolled (60 per cent 
reduction) 304 stainless steel are shown 
in Fig. 4. As can be seen, a leveling off 
of the curve appears at about W/h = 7 
for the cold-rolled stainless steel. For 
values less than about W/h = 7, failure 
occurred by buckling. For the annealed 
stainless steel, a value of about W/h = 17 
was achieved before a tendency toward a 
constant value was realized. For W/h 
values less than about 17, buckling fail- 
ures were observed. The increase in the 


strength would be obtained for values of 
W/h less than 7. 

In conclusion, it must be emphasized 
that the specimen of Fig. 1 with fixed 
values of W and hk cannot be regarded as 
a standard specimen. It is apparent 
from the results that values of W and h 
that will result in satisfactory results 
depend on the sheet thickness and the 


plastic properties of the material. prek 


SUMMARY 


The studies summarized by this paper 
indicate that the single-shear specimen 
evaluated can, if properly designed, 
provide ultimate shear-strength values 
for sheet material. Proper design can be 
achieved by the use of specimen dimen- 
sions which raise the critical loads for 
tearing and buckling above that re- 


’ quired for failure by shear. 
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Data on several materials illustrates 
the manner in which transitions from 
satisfactory shear failures to tearing and 
buckling failures occur with dimensional 
changes. Tearing failures can be avoided 
by the use of W/h values greater than 
about 2.5. Buckling failures are more 
complex and depend on the thickness, ¢, 
and the work-hardening characteristics, 
as well as W and h. The occurrence of 
buckling failures in a given single-shear 
specimen can be eliminated by a sufficient 
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increase in either the W/h value or the 


sheet thickness. 
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A HIGH DAMPING MAGNESIUM ALLOY FOR MISSILE APPLICATIONS* 


By G. F. 


WEISSMANN! AND W. BABINGTON! 


SYNOPSIS 


It is of greatest importance for the proper functioning of the components 
of guided missiles that resonance vibrations occurring in the structural mem- 
bers of the missile be kept at a permissible level. The use of materials of high 
damping capacity may contribute considerably toward the reduction of reso- 
nance amplifications in the missile structure and its components. 

Damping studies were conducted on several magnesium alloys, employing 
flat cantilever specimens stressed in bending. The specific damping capacity 
of the alloys was established as a function of the strain, considering the strain 
distribution of the test specimen. The resonance amplification factor of the 
cantilever specimen was determined analytically and then compared with the 
results of vibration tests. One magnesium alloy containing nominally 0.6 per 
cent zirconium showed a very high damping capacity, combined with adequate 
mechanical properties. The effect of varying zirconium contents, of heat treat- 
ments, and machining were investigated. The damping of the alloys in both 
sand-cast and die-cast conditions was compared. 

The housing, instrument plate and gyro mounting brackets for the main 
guidance section of a guided missile have been satisfactorily sand cast, using 
this high damping alloy. It is further proposed to die cast the instrument 
plate of the same alloy. 


Resonance amplitudes and accelera- 
tions are of considerable importance for 
the proper functioning of electronic com- 
ponents of guided missiles. These ac- 
celerations can be substantially reduced 
if the excited forces are kept low. This 
can frequently be attained by selecting 
structural materials with sufficiently 
high internal damping, that is, materials 
which will absorb a high percentage of 
the excited vibrational energy. 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Bell Telephone Labors atories, Inc., 
Hill, N. J. 


Murray 


farly in the redesign of the guidance 
unit of a missile, the need for such high 
damping structural materials was recog- 
nized, in order to afford the maximum 
protection from damaging vibration for 
the electronic components of this unit. 
In the interest of weight reduction, the 
use of magnesium alloys for structural 
parts was indicated. Conventional mag- 
nesium materials such as the AZ81A 
alloy were originally proposed for the 
main housing of the guidance unit. Vi- 
bration tests have shown that excessive 
resonance amplification may occur when 
employing such alloys. This led to an 
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Fic. 1.—Stress-Strain Curve of Magnesium AZ81A and K1X1 Alloys, 


TABLE I.—TENSILE PROPERTIES OF SOME MAGNESIUM ALLOYS.* 


Yield Strength,” Tensi | Elongation 
Material Designations psi, 0.2 per cent) «© ensile in 2 in., 
‘ Offset Strength, psi per cent 


Sanp Cast—As Cast 


Magnesium-zirconium (0.4 per cent zirconium)........ 5 800 | 22 400 21.2 7 
Magnesium-zirconium K1X1 (0.6 per cent zirconium). . 7 900 24 000 21.9 - 
Magnesium-zirconium (1.0 per cent zirconium)........ 7 600 22 500 16.4 
Magnesium-silicon $1X1 (0.75 per cent silicon)........ 8 600 13 300 1.0 
Magnesium-aluminum-zine,® AZ81A.................. 14 600 | 24 800 2.5 


7 100 20 400 9.4 
Magnesium-zirconium 10 700 22 800 8.7 
Magnesium-aluminum-zine® AZ91B.................. 21 100 26 700 1.6 


@ All values represent average of at least 4 tests. 

> A modulus line of 6.5 X 10° psi was constructed tangent to the stress-strain curve and 0.2 per 
cent offset yield strengths were determined from this line and reported. 

¢ Commercial alloys. 


investigation of available materials pos- sible application of these data was not 
sessing superior damping properties. appreciated; consequently development 

in of high-damping magnesium alloys has 
_ HISTORICAL BACKGROUND been somewhat neglected. The extremely 
‘The unusually high damping capacity rapid growth of the missile industry and 

of certain magnesium alloys has been the search for better materials to fulfill 
recognized for some time (1,2).2 How- specific applications has focussed strong 
ever, the practical significance and pos- ttention on the use of structural ma- 
—— terials possessing adequate strength and 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, light weight combined with high damping 
see p. 885. capacity. Early work at the Dow Chemi- 
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cal Co. had shown that the damping 
capacity of certain magnesium alloys 
was considerably better than others and 
more specifically that an alloy of mag- 
nesium plus 0.75 per cent silicon pos- 
sessed a damping capacity far superior 
to any other then known structural 
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TABLE I.—MATERIALS TESTED AND TEST CONDITIONS. _ 


bility and shrinkage. It is expected, there- 
fore, that certain shapes will be somewhat 
more difficult to cast in K1X1 alloy than 
in the commercial magnesium-aluminum- 
zinc alloys. Satisfactory castings by both 
sand-and die-casting practices have been 
produced. 


A......| Mg—commercial, sand cast As cast* 
Mg—commercial, sand cast Machined 
+ rr Mg—commercial, sand cast Machined 16 hr at 600 
| eae Mg + 0.2% Zr, sand cast As cast aha 
_ Se Mg + 0.4% Zr, sand cast As cast Pike yo 
F......| Mg + 0.6% Zr, sand cast As cast 
rare Mg + 1.0% Zr, sand cast As cast 
Ses Mg + 0.6% Zr, sand cast Machined coe 
- eee | Mg + 0.6% Zr, sand cast As cast 16 hr at 200 
3.....| Mg + 0.6% Zr, sand cast As cast 16 hr at 400 
ee | Mg + 0. 6% Zr, sand cast As cast 16 hr at 600 
5.....| Mg + 0.6% Zr, sand cast As cast 15 min at 200 
6.....| Mg + 0.6% Zr, sand cast Machined 15 min at 200 ales 
‘ pies | Mg + 0.6% Zr, sand cast As cast 15 min at 200 Modified Dow 17 
wie Mg + 0.6% Zr, sand cast Machined 15 min at 200 Modified Dow 17 
- ee Mg + 0.6% Zr, sand cast As cast 15 min at 200 Electroless nickel 
, arene Mg + 0.6% Zr, sand cast Machined 15 min at 200 Electroless nickel 
Mg + 0.6% Zr, sand cast Cut from 
housing 
wall 
ec Mg + 0.6% Zr, sand cast As cast 3 months, aging oye 
a Mg + 0.6% Zr, die cast As cast Se cake 
Mg-AZ91B, die cast As cast ate 
Mg-AZS81A, sand cast As cast 
Mg + 0.75% Si, sand cast As cast | 
Mg + 0.75% Si, sand cast Machined 
Nie es Mg + 0.75 % Si, die cast As cast rr. ~ 


- light alloy. Later work proved the valid- 
ity of these earlier results. Because of 
inherent difficulties in casting and fabri- 
cating the magnesium-silicon alloy, a 


t binary alloy of magnesium plus 0.6 per 
t cent zirconium was developed. This new 
s alloy, designed as K1X1, possesses an 
y even better damping capacity than the 
d magnesium-silicon alloy. The finer grain 
ll size of K1X1 alloy results in higher 
g strength and ductility and considerably 
\- reduces problems related to casting and 
d fabrication. The fact that the alloy has a 
ig relatively narrow freezing range may 
i- lead to some problems concerning casta- 


ta =, 


+ 


@ All samples in the ‘‘as-cast”’ condition have been sandblasted and pickled. 


MECHANICAL PROPERTIES 

The mechanical properties of the high 
damping magnesium alloy K1X1 have 
been compared with those of a conven- 
tional magnesium alloy AZ81A. Figure 1 
shows the stress strain curves for these 
alloys. As shown in this figure, the rate of 
strain has no effect on the tension test 
results of the AZ81A alloy. However, 
the K1X1 alloy shows higher values for 
both yield strength and tensile strength, 
at higher rates of strain. This phenome- 
non is an indication of a high inherent 
damping capability of the material. The 
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proportional! limit cannot be established 
for the K1X1 alloy due to the continu- 
ous curvature of the stress-strain curve. 
The 0.2 per cent offset yield strength 
has been established by measuring the 
deviation of the actual stress-strain 


curve from the artificial stress-strain 
relation based on a constant modulus of 
6.5 X 10° psi. The 


elasticity of E = 


Test Bar Rigidly Attached 
SR-4 Strain Gage 


-Test Bar 


Ellis BA-2 
Amplifier 


Oscilloscope 
Fic. 2.—Block Diagram of Apparatus. 


mechanical properties of magnesium- 
zirconium alloys in the sand- and die- 
cast conditions, as well as the mechani- 
cal properties of the AZ81A sand cast 
alloy and the AZ91B die cast alloy are 
shown in Table I. The yield strength of 
the die cast K1X1 alloy is considerably 
higher than that of the sand cast alloy. 


DAMPING PROPERTIES 


The literature on damping is notable 
for lack of agreement between different 
investigators. Comparison of results is 
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made more difficult because of the many 
terms that have been used to express 
material damping: modulus of decay 
(relaxation time); logarithmic decre- 
ment; half-band width; energy absorp- 
tion per cycle (damping energy); energy 
absorption per cycle per unit volume 
(specific damping energy); relative en- 
ergy absorption per cycle (damping 
capacity); relative energy absorption 
per cycle per unit volume (specific damp- 
ing capacity); viscosity; complex modu- 
lus of elasticity; and wave propagation 
constants. The difficulty of evaluating 
damping tests by different investigators 
is increased, furthermore, by the pres- 
ence of different nonuniform strain dis- 
tributions of the test specimens. Fre- 
quently, the shape of the test specimen 
and the stress level at which the damping 
tests have been conducted is not available 
for evaluation. 

In general, the internal damping of a 
complicated structural part may be de- 
termined in two ways: (a) The particular 
structural part may be used as a speci- 
men and tested under conditions analo- 
gous to the operating conditions. This 
method is costly and often even impossi- 
ble to carry out; (b) The damping may be 
measured in a conventional manner using 
a simple shaped specimen. The results 
of this test are then used to predict the 
damping of the complicated member. The 
latter procedure undoubtedly is superior 
to the first provided the data of the con- 
ventional test can be interpreted in a 
simple manner. Several methods for 
evaluation of the damping tests have 
been presented. E. R. Podneiks and B. 
J. Lazan (3) show a comprehensive 
method for determining the specific 
damping energy, considering the stress 
distribution. The specific damping energy 
is expressed in their work as a function 
of the stress. G. Denkhaus (4) deter- 
mines the specific damping capacity from 
vibration tests conducted in bending, 
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using the strain as a parameter. The lat- 
ter procedure has been followed in this 
work. 

Tests have been conducted to compare 
the damping capability of the high damp- 
ing magnesium alloy K1X1 with a con- 
ventional magnesium alloy such as the 
AZS81A. The effect of zirconium content, 


Dea, 


(a) Magnesium K1X1 alloy, sand cast; 
time: 1 unit = 0.1 sec; strain: 1 unit = 50 X 


(b) Magnesium AZ81A alloy, sand cast; 
time: 1 unit = 0.1 sec; strain: 1 unit = 50 X 
10-6, 

Fic. 3.—Decay of Free Vibration of Can- 
tilever Beam for Magnesium K1X1 and Mag- 
nesium AZ81A Alloy. 


heat treatment, machining, and finish 
has been investigated. 

The damping properties of many of the 
test specimens are shown in terms of the 
logarithmic decrement of a cantilever 
beam with a weight attached to its free 
end, which gives a good comparison 
between the damping of the different 
alloys and the effect of different condi- 
tions. For the more promising alloys the 
specific damping capacity has been 
determined experimentally. The reso- 
nance amplification factor and the maxi- 
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mum fiber strains of the same cantilever 
beam specimens at resonance have been 
calculated. The results have been com- 
pared with actual vibration measure- 
ments on these cantilever beams. Finally, 
measurements have been made on the 
cast housing for the main guidance 
section of the missile. The relative 
improvement obtained by using a high 
damping alloy compared to a conven- 
tional magnesium alloy has been cal- 
culated and compared with results ob- 
tained on the vibration table. 


MATERIALS TESTED 


All of the magnesium alloy specimens 
were furnished by the Dow Chemical 
Co. The specimens were supplied in the 
form of 9 in. long bars with cross-sec- 
tional dimensions of 13 by } in. Table 
II shows the tested magnesium alloys, 
their surface conditions, heat treatments, 
and finishes. 


Test METHOD 


The test method used for determina- 
tion of the damping capabilities of the 
various materials investigated is shown 
in Fig. 2. One end of the specimen was 
clamped rigidly in a heavy Baldwin test- 
ing machine. An arbitrarily selected 
weight of 340 g was fastened to the other 
end of the specimen. SR-4 strain gages 
were attached as closely as possible to the 
fixed end of the specimen. The strain 
gages were mounted on opposite sides of 
the beam. Both were used as active gages 
in a Wheatstone bridge circuit, and 
hence the output potential was twice as 
great as when but one active gage was 
employed. The strain gages were con- 
nected to an Ellis BA-2 amplifier which in 
turn was connected to an oscilloscope. 
After the specimen had been set in mo- 
tion by tapping the weight with a light 
hammer, the wave trace was observed on 
the oscilloscope. Pictures of the wave 
trace were taken by means of an oscillo- 
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scope camera using polaroid film. Figure x» 
3 shows the wave traces of the magne- wo 
sium alloy containing 0.6 per cent zir- 
conium (No. F of Table II) and the mag- 
nesium alloy AZSIA (No. bof Table II). mterests 
The oscilloscope had been previously (6) the case w pees (correspond- 
calibrated in terms of strain. The ab- ing to iree cacillation), end 


amplitude of base, in., and 
circular frequency, cps. 


Two solutions of this equation are of 


3 (b) the case where = constant 
scissa represents time, the ordinate to feaced vibes 
fiber strain values. Similar photographs tions) P 6 


have been taken of all the different mag- 
nesium alloys listed in Table II. Different 
amplifications have been used for ob- 


The logarithmic decrement and the 
damping capacity of the test specimens 
are derived from case (a) and are ob- 
tained by direct measurements of the 
amplitudes or values proportional to 
the amplitudes such as stress or strain. 
They are used as a measurement of the 
damping capability of the tested speci- 
men. The logarithmic decrement has been 
calculated by means of: 


Xo sin Wot 
C 


Fic. 4.—Linear One-Degree of Freedom 


Oscillator. where: a 
§ = logarithmic decrement of test 
taining wave traces at different strain specimen, 
levels. == measured strain amplitude, 
Emin = (m + n)*® measured strain am- 
Test RESULTS plitude, and 


n = number of cycles between meas- 


The test apparatus is a linear one-de- ured amplitudes. 


gree of freedom oscillator which can be 
symbolized by a mass-spring-dashpot The damping capacity of the vibrating 
system as shown in Fig. 4. The equation system is defined as the ratio of the ab- 
of motion for this system is sorbed energy per cycle to the maximum 
elastic energy and can be determined by 
mé + — + k(x — m) = 0..(1) 


q 


where: 2 

m = mass of system, lb-in.— sec’, (3) 
k = spring constant, |b-in.—, 
b 
x 


damping coefficient, lb-in.—' sec, 

displacement of mass m, in., 

= SiN wot = displacement of base, 
in., 

x(t) = amplitude of mass, m, in., 

x, (t) = forced 


where ¥ = damping capacity of test 
specimen. 

The relationship between the damping 
capacity and the logarithmic decrement 
follows from Eqs 1 and 2 
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For small values of the logarithmic de- 
crement this equation simplifies to: 


¥=2 if §<1......(4a) 


For specimens with low damping capa- 
bilities the difference in the strain ampli- 
tude over 5 cycles (n 5) has been 
used to determine the logarithmic decre- 
ment 6. For specimens with high damp- 
ing, however, the difference between 
two successive amplitudes ( 1) has 
been used for the calculation. 
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machined and heat treated conditions. 
These data show that machining reduces 
the damping capability of commercial 
magnesium. 

Figure 5(6) shows the effect of the zir- 
conium content on the _ logarithmic 
decrement of the test specimens. An in- 
creased zirconium content slightly re- 
duces the damping properties; however, 
it improves the mechanical properties 
of the alloy (Table I). Approximately 
0.6 per cent zirconium content appears 


TB) 
Moagnesium+O6 per cent Zirconium-Sand Cast-As Cast-No F 
OSOF Magnesium+06 per cent Zirconium -Sand Cast-As Cost-No.F @ Mognesium+0.75 per cent Silicon —Sand Cast-As Cast-No.c 
045+ @ Mognesium+O6 per cent Zirconium-Die Cast-As Cast-No 13 Magnesium+0O 75 per cent Silicon — Sand Cast-Machined-Nod 
4 Magnesium +0.75 per cent Silicon—Die Cost-As Cost-No e 
a qo ao 
| 
00002 00004 00006 00008 00002 00004 00006 


Maximum Fiber Strain «,,, 


(a) Sand-cast and die-cast K1X1 specimens. 


in, per in. 


(b) S1IX1 and K1X1 specimens. 


Fic. 7.—Comparison Between the Logarithmic Decrement. 


The logarithmic decrements of all the 
samples listed in Table II have been cal- 
culated and are shown in Figs. 5 to 7. 
They have been plotted as functions of 
the maximum fiber strain. The maximum 
fiber strain has been obtained from the 
measured strain values by means of the 
following relationship: 


well 


> €measured 


€max > 


L and JL, are shown in Fig. 2. 

Figure 5(a) shows the logarithmic de- 
crement of the commercial magnesium 
samples, in the as-cast, machined, and 


to provide the optimum combination of 
damping and mechanical properties. 
Figure 6(a) shows the effect of ma- 
chining and subsequent heat treatment 
of the K1X1 test specimens. Machining 
alone does not reduce the damping capa- 
bility of the material. However, an addi- 
tional heat treatment reduces the log- 
arithmic decrement. It will also be noted 
from these data that neither the Modified 
Dow 17 nor the Electroless Nickel 
finishes on machined specimens have 
any additional effect on the logarithmic 
decrement of the test specimens. Figure 
6(b) shows the effect of the finish on the 
damping capability of the unmachined 


] 7 ‘ 
@ 
: 


K1X1 specimens. Again, no significant 
change could be observed. 

Figure 6(c) shows the effect of heat 
treatment on the as-cast K1X1 speci- 
mens. No significant reduction of the 
damping has been observed as a result 
of these heat treatments. 

Figure 7(a) compares the logarithmic 
decrements of the KiX1 alloy in the 
sand-cast and die-cast conditions. The 
die-cast specimens showed a considerably 


ne 1.00 
0.60 > an 
040 
Sond Cast 
0.6 per cent 
0.10 ‘a T 
0.08 -« | | ¥ 
Q 004 = 
Magnesium 
AZ 8/A ~ 
a 
4 
G00004 Q000I0 00002 00004 
4s1 


Strain «,,, in. per in. 


Fic. 8.—Damping Capacity of Cantilever 
Beam. 


lower logarithmic decrement than sand- 
cast specimens. 

Figure 7(6) compares the logarithmic 
decrement of a K1X1 sample with 
specimen containing magnesium-0.75 
per cent silicon. It will be noted that the 
K1X1 alloy showed considerably higher 
damping than the magnesium-silicon 
alloy. 

KiX1 specimens have been tested 
again after 3 months aging and no dif- 
ference in damping has been observed. 
The damping capacity of the magnesium 
alloy (K1X1) containing 0.6 per cent 
_ sirconium in the sand-cast (No. F of 
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Table I) and die-cast (No. 13 of Table I) 
conditions, as well as for the conventional 
magnesium alloy AZ81A has been cal- 
culated by means of Eqs 3 or 4, for the 
K1X1 and by means of Eq 4a for the 
AZ81A. 

The values of the damping capacity 
W have been plotted on a log-log scale as 
a function of the maximum fiber strain 
€m and are shown in Fig. 8. It appears 
that the relationship betewen damping 
capacity and maximum fiber strain can 
be represented by a straight line on the 

TABLE III—DAMPING CAPACITY ¥ 
AND SPECIFIC DAMPING CAPACITY 
AS A FUNCTION OF THE MAXIMUM 
STRAIN e,, OF TEST SAMPLE. 


Material 
teri a = e 
Sr Mg + 0.6% Zr, | 14.53) 0.44 | 19.1 
sand cast, as 
cast 
13....| Mg + 0.6% Zr, | 13.07) 0.53 | 18.1 
die cast, as cast 
eee Mg-AZS81A, sand |100.5 | 1.01 |179.0 
cast, as cast 
OW = 


¢&@ and B are constants depending on the 
material and the shape and size of the test 
specimen, @ and 6 are constants depending only 
on the material. 


log-log scale which means also that the 
damping capacity V of the specimens can 
be expressed as the following function of 
the fiber strain 


& and B are constants depending on the 
material and the shape and size of the 
test specimens. &@ and B have been cal- 
culated using the method of least squares 
and are shown in Table III. 


RELATIONSHIP BETWEEN’ DAMPING, 
STRAIN MAGNITUDE AND STRAIN 
DISTRIBUTION 


It is desirable to determine the mathe- 
matical relationship between damping 


878 La, 4 
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) and strain magnitude, strain distribu- such effects mathematically. It is also 
J tion, previous strain history, and tem- impossible to generalize temperature 
- perature. The previous strain history effects at this time. However, there are 
affects various materials differently. It is sufficient data (4,6,7) to indicate that for 
therefore impossible to generalize strain many materials the effect of the strain 
history effects at this time and to express magnitude (at prescribed constant tem- 
y sain perature, strain history and, uniform 
0.800 | —_|Magnesium + 06 per strain distribution) may be expressed by 
1 0.600 || equation 
5 a Sand rai J 
> 
0.200 = specific damping capacity, = 
5100 Ost a,8 = material constants. 
|_| Magnesium. | | | 
aceol- 1e specific damping capacity las 
g + | of | | been defined as the ratio of the specific 
3 0.040 damping energy AU to the specific elastic 
| | energy U 
=— (7) 
) 10004 0010 
The specific damping capacity is the 
rain €m, in. ° ° 
capac f a unit volume sub- 
Fic. 9.—Specific Damping Capacity of Mag- damping capacity b 
nesium Alloys. jected to a uniform strain distribution. 
fen Te 
2 2000 t— "4 
TC 
1200 > 
/ Calculated Values for 
/ —— Magnesium+06 per cent Zirconium-Sand Cast 6 = 
£ --- Magnesium+O6 per cent Zirconium—Die Cast 
> Experimental Values for all 
400 | — @ Magnesium +06 per cent Zirconium-Sand Cast 
= x Magnesium+O6 per cent Zirconium—Die Cast 
Magnesium-AZ 8! A-Sand Cast 
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Fic. 10.—Calculated and Measured Maximum Fiber Strains of Cantilever Specimens at 
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Calculated Values for 
Mognesium+O6 per cent Zirconium—Sand Cast 
Magnesium+0.6 per cent Zirconium—Die Cast 
Mognesium-AZ 81 A- Sand Cast 


Experimental Values for 


Magnesium+06 per cent Zirconium-Sand Cast 
Magnesium+O6 per cent Zirconium—Die Cast 
Mognesium-AZ 81 A-Sand Cost 


— 


@ 


K1/X1/-Die Cast versus AZ 8! A-Sand Cast 


c 
a 
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40 


K1X1-Sand Cast versus AZ 8/A-Sand Cast 
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Amplitude of Vibration Table, in. 


(a) Calculated and measured. 


(b) Relative magnitude. 


Fic. 11.—Resonance Amplification Factors of Cantilever Specimens. 


Ls In most engineering structures and 


also in many specimens used for damping 
measurements, the strain distribution is 
not uniform. The relationship between 
the specific damping capacity y of the 
material and the damping capacity 


of a structure or specimen subjected to 
bending can be derived mathematically. 
The mathematical relationship between 
the specific damping capacity y and the 
damping capacity ¥ of a vibrating canti- 
lever beam has been derived in the ap- 


| 
| 
| 


pendix. The results show that: 
3 
3 2 
= =a 8 
ad ( (8) 


from which follows: 


B=8 


By means of Eqs 8 and 9, it is now 
possible to determine the damping cap- 
acity of a vibrating cantilever beam 
from a known specific damping capacity 
or to calculate the specific damping 
capacity from data obtained by vibration 
tests of a cantilever beam. The specific 
damping capacities obtained for the 
K1X1 alloy in the sand- and die-cast 
conditions as well as for the AZ81A 
sand-cast alloy are shown in Fig. 9. 
Table III shows the material constants 
a and 6 necessary to calculate the specific 
damping capacity as a function of the 
strain amplitude. 


THE RESONANCE AMPLIFICATION FACTOR 

From the known specific damping 
capacity y = ae* it is now possible to 
calculate the maximum strain in forced 
vibration at resonance and the resonance 
amplification factor of the cantilever 
beam. Based on the equation of motion 
for forced vibration (Eq 1, case (0)), it 
can be shown that: 


where 


A, = resonance amplification factor, 

A,, = amplitude of mass of vibrating 
system, 

%» = amplitude of base of vibrating 


system, and 
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= damping capacity of vibrating 
system. 


The maximum fiber strain and the 
resonance amplification factor of a vi- 
brating cantilever beam have been de- 
rived mathematically as a function of the 
amplitude of the base of the vibrating 
system. The derivation is shown in the 
appendix. 

The computed strain values are shown 
in Fig. 10. They are plotted as func- 
tions of the amplitudes of the base. Ex- 
perimental results obtained by mounting 
the same test specimens as were used in 
the free vibration tests on a vibration 
table are also shown in Fig. 10. 

Figure 11(a) shows both the calculated 
resonance amplification factors and the 
experimental test results. The agreement 
of the calculated and experimentally 
determined values, in both cases, is con- 
sidered very good. The greatest differ- 
ences between calculated and measured 
values occur at the lower strain levels. 
Free vibration tests conducted with the 
same specimens as were used in the forced 
vibration tests show some decrease of the 
specific damping capacity of the material 
in comparison to the values obtained 
originally. This indicates that previously 
applied large strains cause a reduction 
of the damping capabilities of the ma- 
terial. 

Following a similar procedure, it is 
possible to calculate the damping capac- 
ity, maximum fiber strain at resonance, 
and resonance amplification factor of a 
structure subjected to a different moment 
distribution from the specific damping 
capacity of a material. It is also possible 
to determine the specific damping capac- 
ity from the experimentally determined 
values of the damping capacity, maxi- 
mum fiber strain at resonance or the 
resonance amplification factor of a struc- 
ture subjected to a different moment 
distribution. 


3+8 
An 2 
Xo 
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COMPARISON OF RESONANCE 

AMPLIFICATION FACTORS 

In many engineering applications it is 
sufficient to know the relative magnitude 
of the resonance amplification factor 
obtained by changing a structure from a 
conventional alloy to a high damping 
alloy. The ratio is: 


aaa R = — 100 [per cent]. .. (11) 

where: 

Ay, = resonance amplification factor for 


high damping material, and 
A,2. = resonance amplification factor for 
conventional material. 


If the resonance amplification factor 
A, of a structure made of a conventional 
alloy has been determined by actual 
measurement, it is possible to predict 
the magnitude of the resonance amplifi- 
cation factor of the same structure made 
of a high-damping alloy. 

The relative magnitude of the reso- 
*nance amplification factor of the K1X1 
alloy cantilever beam in the sand- and 
the die-cast conditions, to the cantilever 
beam tests made on the conventional 
AZ81A alloy has been computed by 
means of Eq 11 and is shown in Fig. 
11(5), together with the experimentally 
determined values. The agreement be- 
tween these two sets of values is con- 
sidered excellent. 


HOUSING OF THE MAIN GUIDANCE 
SECTION OF A GUIDED MISSILE 

As a result of these studies it was 
recommended that a magnesium alloy 
with high damping properties (K1X1) 
be used for the housing of the main 
guidance section of the missile and ac- 
cordingly reduce the resonance ampli- 
tudes and the corresponding accelera- 
tions occurring in the housing. The main 
purpose of this part of the investigation 
on the damping properties of the K1X1 
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alloy was the determination of the degree 
of reduction in resonance amplitudes 
obtained by the use of the K1X1 alloy 
instead of a conventional magnesium 
alloy such as the AZ81A for this casting. 
The reduction of the resonance ampli- 
tudes has been determined analytically. 
The results have been compared with 
actual test results obtained by vibrating 
K1X1 and AZ81A alloy castings on a 
vibration table. 


Fic. 12.—Housing for Main Guidance 
Section of Nike Hercules Missile. 


Figure 12 shows the machined casting 
and Fig. 13 shows the casting mounted 
on the vibration table. Accelerometers 
have been mounted at various locations 
on the casting. The casting has been sub- 
jected to a known acceleration at varying 
frequencies and the corresponding ac- 
celeration has been measured by means 
of accelerometers and recorded on a 
Visicorder type oscillograph. 

A comparison between the K1X1 and 
the AZ81A alloy castings has been made 
at the circumference of the upper drum 
of the casting (point A in Fig. 12). Reso- 


| 
: 


Fic. 13.—Housing for Main Guidance 


nance occurred at about 600 cps. Table 
IV shows the measured accelerations of 
the drum at resonance, the acceleration 
of the casting, and the resonance fre- 
quency of the drum. Due to limitations 
of the equipment it was not possible to 
measure accelerations of the AZ81A 
alloy casting beyond 1 g. At 1 g the ratio 
of the resonance amplitudes of the cast- 
ings is: 

18.6 

R = — 100 = 23.7 per cent 

78.5 
An attempt has been made to predict 
the ratio R analytically from the known 
specific damping capacities of the two 


Section Mounted on the Vibration Table. 


TABLE IV.—MEASURED ACCELERA- 
TIONS ON GUIDANCE HOUSINGS. 


Reso- 
Accelera-| tion 
Material of Casting tion of 
Casting, of Drum,| nance, 
cps g 
3 610 55.5 hi 
5 600 90.0 
8 590 140.0 
AZ814 alloy........ 1 610 78.5 


alloys. For ease of calculation, it has 
been assumed that the strain distribution 
along the circumference of the drum is 


— 


| 
| 
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parabolic, of the form: 


x\? | 2z 

where: 

= strain, 

ém = maximum fiber strain, 

= one eighth of circumference of 

drum, 

h = thickness of drum, 

z = distance from neutral fiber, and 

x = distance from point of maximum 


fiber strain. 


Following a procedure similar to that 
used for the cantilever beam (see appen- 
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a> 


This ratio has been plotted in Fig. 14 as 
a function of x with / = 10 in. and h = 
0.25 in. It is shown here that the ratio 
does not change substantially within the 
range of the amplitudes of the vibration 
table. The agreement between the ex- 
perimentally determined values and the 
calculated values is considered very good. 
SUMMARY AND CONCLUSIONS 

It is possible to calculate the specific 
damping capacity of a material from 
simple vibration tests of cantilever 
beams. From these data the resonance 


60 

c 
& K1X1— Sand Cast versus AZ 81 A-Sand Cast 

23 Measured Value at | g input 
3 
§ 2 | 

> 

o | | | 
><a 4 = + + + + ++ + 
T 
2 | 

° 0.00004 0.00008 0.00012 


0.00016 


Amplitude of Vibration Table, in. 


Fic. 14.—Relative Magnitude of Resonance Amplitudes of Housing for the Main Guidance 
Section of Nike Hercules Missile—Magnesium K1X1 versus Magnesium AZ81A Alloys. 


dix), the following resonance amplifica- 
tion factor is obtained: 


522 
where: 
A, = A; = 0.735 for K1X1 alloy, and 
A, = Az = 0.564 for AZ81A alloy. 


It is understood, that the moment dis- 
tribution at resonance is not truly para- 
bolic. However, it is felt that a parabolic 
moment distribution is a reasonable 
approximation for the determination of 
the relative damping capacity of the two 
alloys proposed for use in the manufac- 
ture of the casting. The ratio R becomes: 


rr) 6 
= 


amplitudes of any simple structure can 
be predicted analytically. In the case of 
complicated structures the relative 
damping performance of two different 
alloys can be determined analytically. 
The high-damping magnesium alloy 
used for this investigation is designated 
as K1X1. It contains nominally 0.6 to 
0.7 per cent zirconium (balance mag- 
nesium). The damping properties are 
not affected by machining, aging or 
finishing. Heat treatments do not affect 
the unmachined alloy; however, a reduc- 
tion in damping has been observed after 
heat treatment of machined samples. 
The sand-cast alloy shows better damp- 
ing properties than the die-cast material. 
The resonance amplitudes of sand cast- 


—_ 
— 


ings produced in the K1X1 alloy show a 
reduction to approximately 25 to 40 per 
cent of those occurring in the AZ81A 
alloy castings, depending on the existing 
strain distribution. 

As a result of this study, production 
of the main housing, instrument mount- 
ing plate and gyro support brackets for 
the guidance unit is now under way, 
employing the sand-cast K1X1 alloy. It 
is also proposed to produce the instru- 
ment mounting plate as a die casting. 
Completely satisfactory sand and die 
castings in the K1X1 alloy have been 
produced. 
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where: 


AU = specific damping energy, 


specific damping capacity, = 


U = = specific elastic energy, 
€ = strain, and R 
a,8 = material constants. a 


Equation 14 is related to a volume element. 


preparation of this paper. 
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The. damping energy and the elastic 
energy of a structural part is related to 
damping energy of a volume element by 


2 


ete dV. (15) 
(Vv) 


1 
0 = UdV = 52 / édV....(16) 
(Vv) (Vv 


From Eqs 15 and 16 follows the damping 
capacity of the part 


yu av dV 
(17) 


(Vv) (Vv) 


Damping Capacity of a Cantilever Beam: 


The strain distribution of a cantilever 
beam with a rectangular cross-sectional area 
and a single force operating at its free end 


is: 
Wa ot x 2s 
where: 
x = distance from free end, 
z = distance from neutral fiber, 
1 = length of beam, 
H h = height of beam, 
€m = maximum strain at fixed end of beam, 
and 
-€ = strain as a function of x and z. 


Substituting Eq 18 into Eq 17 


b ph/2 
[ (xz)**8 dx dz 
2em \F Jo 
T phi2 
[ [ (xz)? dx dz 
0 0 
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which gives the relationship between the 
damping capacity of a unit volume and of 
the cantilever beam 


40 = / AU dV = yU dV 
(Vv) (Vv) 


r rom which follows 


Resonance Amplification Factor of a Canti- 


one degree of freedom vibrator is 


An 2 
he (22) 
where: 
A, = resonance amplification factor, 
A,, = amplitude of mass of vibrating sys- 
tem, 
*o = amplitude of base of vibrating sys- 
tem, and 
= damping capacity of vibrating sys- 
tem. 


damping capacity of the vibrating system 


tilever beam 


and solving for €m 


resonance amplification factor becomes: 


= 


3 2 
= 
(; 35) = Gen®..... (02) 


B = ( : 
B anc 3 ;) 


lever Beam: 


The resonance amplification factor of a 


The amplitude of the mass A» and the 


are functions of the strain. For the can- 


Substituting Eqs 23 and 24 into Eq 22 


3 a P 
By means of Eqs 22, 23, and 24, the 


= 


1/(1+B) 
cee (25) 
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Mr. J. G. KaurMan! (presented in 
written form).—The authors have, with 


their excellent paper, given an im- 
measurable amount of confidence to 
those of us who are using a simple sys- 
tem for determining the relative damp- 
ing properties of metals. We at the 
Alcoa Research Laboratories have been 
evaluating the damping properties of 
aluminum and magnesium alloys using 
a system very similar to the cantilever 
beam setup described by the authors. 
The results of the Alcoa tests have been 
evaluated in terms of log decrement 
or specific damping capacity only. It is 
certainly gratifying to learn of an 
example where such results were not 
only accurate barometers of damping 
behavior but also were used to predict 
the vibration characteristics of a struc- 
tural unit such as the Nike-Hercules 
missile housing. 

The only significant difference be- 
tween the two test setups involves the 
weight fastened to the end of the speci- 
men during vibration. Other minor 
differences include the fact that our 
rectangular specimen has } by 2-in. 
cross-section rather than the } by 1}-in. 
mentioned by the authors and our wave 
traces are recorded on a Consolidated 
oscillograph rather than an oscilloscope. 

I would like to question the authors 
regarding the fixed weight. Was the 


' Research Engineer, Aluminum Company 
of America, Alcoa Research Laboratories, Me- 
chanical Testing Division, New Kensington, Pa. 
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weight used for any specific purpose, for 
example, uniformity of results? We do 
not use any weight on the ends of the 
specimens, and they vibrate only under 
their own weight. We understand from 
the work of Person and Lazan (1)? that 
this should not affect the results. How- 
ever, it does seem possible that the data 
obtained could be more uniform and 
less subject to secondary vibrations as a 
result of the added mass. 

We would also like to ask the authors 
whether they have done any work on 
magnesium alloys containing rare earths, 
EZ33A (AMA 131), for example. 
Alcoa tests, both of the type described 
here and using tuning forks, have in- 
dicated that there is considerable po- 
tential in these alloys for high damping 
applications. 

Mr. H. G. Warrincton.’—The au- 
thors mention that alloys up to 1 per 
cent zirconium were used. Purely from 
the practical point of view it would be 
interesting to know how more zirconium 
was obtained in the alloy than is in 
solution at equilibrium in the molten 
condition. 

The effect of thermal conductivity in 
fundamental work on alloys of this 
type is of interest. At first glance one 
would say from the very fact that the 


2 The boldface numbers in parentheses refer 
to the list of references appended to this dis- 
cussion, see p. 892. 

3 Manager, Sales and Technical, Dominion 
Magnesium, Ltd., Toronto, Ont., Canada. 


_| 
li- 
a 
2) 
'S- 
‘S- 
he - 
m 
n- 
3) 
4) 
22 | 
5) 
1e 


Ph 


888 Discussion ON — 


K1 alloy and the pure magnesium offer 
a much higher thermal conductivity 
than AZ80 type of alloy, that thermal 
conductivity is a good thing, since it 
assists in dissipating heat. But looking 
at the slope of the curves, the opposite 
suggestion comes to mind, that if one 
could obtain pure magnesium or alloys 
of the K1 type with every other factor 
constant, there is the possibility that a 


TABLE V.—ROOM TEMPERATURE 
TENSILE PROPERTIES OF BARS SEC- 
TIONED FROM A KI1XI1-F SLOPE CAST- 
ING. 

| Tensile Properties* 
A Section | Per 
Bar Location «Tensile 
| Klonga- trengt 
tion, in | Strength, psi 
2 in. | psi 
5 15.5 59 00 | 22 800 
B.. 5 17.0 | 58 00 | 22 900 
eee 5 14.5 | 62 00 | 22 800 
2 18.5 61 00 | 22 800 
114g | 18.5 | 61 00 | 22 900 
_ AEE ae 1 19.0 62 00 | 23 100 
21.5 | 68 00 | 23 300 
3g | 23.5 | 71 00 | 23 700 
546 | 26.0 | 75 00 | 24 300 
| 15.5 75 00 | 24 000 
Average..... 19.0 | 65 00 | 23 300 


“ Results obtained on one bar per location. 

per cent offset. 

© Fractured bar showed an oxide inclusion 
at its periphery. 

Separately-cast test bars from the same 
batch of metal tested at 20 per cent elongation, 
8 ksi yield Strength and 25 ksi tensile strength. 


lower conductivity might be of assist- 
ance from the point of view that the 
development of high temperatures in 
extremely local conditions would reduce 
the modulus locally and increase the 
opportunities of slip and displacement 
in the grain itself. I wonder if this 
question has arisen in taking a more 
fundamental look in this type of alloy 
development. 

Mr. G. WEISSMANN (author).—I 
cannot say. We did not go into that 


FOR MISSILE APPLICATIONS 


CHAIRMAN I. V. think 
you did look into this question of the 
effect of higher zirconium. 

Mr. WEISSMANN.—Yes, but appar- 
ently it did not affect the damping very 
much. It just reduced the mechanical 
properties of the material. A value of 
0.6 per cent appears to give the optimum 
in damping and mechanical properties. 

CHAIRMAN WILLIAMS.—Apparently 
additional zirconium did not do much 
good. Only 0.6 per cent goes into solu- 
tion anyway, so you are just wasting 
your zirconium. 

Mr. Francis T. BaAratta.*—I was 
wondering about the comparison be- 
tween the forced vibration of the speci- 
men and the actual forced vibration of 
the prototype. 

Mr. WEISSMANN.—The comparison 
between the forced vibration of the 
specimen and the actual forced vibration 
of the prototype is outlined in the 
paper for one particular point at the 
prototype. Similar comparisons have 
been made at other locations. It has been 
shown that by means of a known specific 
damping capacity of a material it is pos- 
sible to determine the resonance ampli- 
fication of a steady vibration, provided 
the strain distribution is known. The real 
difficulty lies in the determination of the 
strain distribution. Reasonable assump- 
tions are often necessary to overcome 
the mathematical difficulties. 

Mr. K. E. Netson® (by /etter)—The 
Bell Telephone Laboratories should be 
given due credit for expediting the 
application of these light-weight, high- 
damping-capacity alloys and for im- 
plementing and conducting this test 
program which ultimately led to the 
formal introduction of magnesium alloy 


Laboratories, 


4 Bell Telephone Murray Hill, 
J 


5 Applied Physics Branch, Watertown Arse- 
nal Laboratories, Watertown, Mass. 

® Metallurgical Development, Metallurgical 
Laboratory, The Dow Chemical Co., Midland, 


Mich. 


( 
| 
% 


K1X1-F. This alloy is currently available 
on an experimental basis both as die 
castings and as sand castings, for gen- 
eral customer evaluation. 

I am taking this opportunity of 
offering this discussion as a supplement 
to the work of the authors. 


TABLE VI.—MECHANICAL AN 


test casting (2). Results are given in 
the accompanying Table V. 

Table VI presents room temperature 
tensile strength data obtained on sep- 
arately-cast test bars poured along with 
castings in the production foundry. 
Elevated temperature strengths ob- 


D PHYSICAL PROPERTIES OF 


SAND-CAST K1X1-F ALLOY. 


Tensile Properties 
75 F¢ 75 Fe 200 F? 400 600 F? 
2 3) 82) 2) 32) 2) 22) 2) Be) = 
Sf 26 26 | S225) | 25) | 2s) 26 
O8| 35) | 98) 35) BS | BE | BS) BS] BE 
|e |e |e le | |e lela 
Average...... 19 000) 18 |8000 24 000 7000|17 000) 71 |50008000) 78 |2000/4000 
Minimum..... 11 |6000/24 000) .. | .. 
earing Strength, ermal! 
Pin Diameter, in. g per _ Resistivity, mg per 
cucm microhm-cm, 68 F a Dont sq cm per 
Bearing | Bearing is % | % 8 F) | day 7 
= 
17.5 | 45.9 8.1 7.8 7.4 1.752 5.65 K 1076 4.15 | 0.31 ~5 
 @ Results on 150 melts, 2 bars per melt using production practices. 
> Results on 2 bars per test. Melt prepared in the laboratory. ; 
¢ 2d edge distance—8d width. 34¢ in. diameter pin. = 
4 Limited date determined in 3 per cent NaCl solution using the 14-day alternate immersion - 


test described earlier (5). 

Norte: Testing procedures for bearing and shear strength determinations are described in other 
publications (3, 4). 
sss tained on cast test bars poured in th 


- laboratory as well as bearing and shear 
The authors have commented on the | ; 14 
strengths and various physical proper- 
relative castability of K1X1 alloy. Asa _ .. 
ties are also presented in this table. 
further comment on this subject, it can “ie 
> ‘ Secant modulus values for die-cast 
be pointed out that pattern shrinkage > : 
and sand-cast KiX1-F are plotted in 
values of about 140 per cent of those Figs. 15(c) and (8) respectively. The 
used for AZ92A alloy can be used for —, ©. P y 
elastic portion of the secant modulus 
a data was obtained by Fenn (3). 


Weldability: 


Welding studies to date indicate that 
sand cast K1X1 can be readily repaired 
by welding. Welding efficiencies on 


Castability: 


Mechanical and Physical Properties: 
Room temperature tensile properties 

as a function of casting section size were 

determined using a special laboratory 
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6 
6x10 ‘al 
* 
? 
4xi0° 
a 
o 
3 
3x! 
= 
c 
8 
2x10" 
2000 4000 6000 8000 10000 12000 14000 16000 18000 
Stress, psi 
(a) Die-cast K1K1-F. 
mM 
3000 4000 5000 6000 7000 8000 9000 
Stress, psi 
(b) Sand-cast K1K1-F. 
“1G. 15.—Secant Modulus versus Stress (78 F). 
sand-cast K1X1 using EZ33A welding Prolective Coatings: __ 
rod were found to be 100 per -—_ K1X1-F can be successfully treated 
while K1X1 welding rod gave 80 to 90 chemically with most of the standard 
—-~per cent efficiencies. Factors such as the treatments used on magnesium alloys. 
effect of welding rod composition on the — It is not effectively coated by the Dow 
damping characteristics of K1X1 have No. 7 process. When properly chemi- 
yet to be determined. cally treated and painted, this alloy 


‘ 


should perform satisfactorily in normal 
service. 

Mr. Jerome E. Ruzicka’ (by letler).— 
I would like to congratulate the authors 
on their fine presentation of the informa- 
tion developed in their studies. How- 
ever, I feel it should be pointed out that 
no data have been presented on the 
resonance amplification factor for dis- 
placement inputs of less than 0.001 in. 
The variation of the resonance ampli- 
fication factor with input displacement 
is shown in Fig. 11(@) for input dis- 
placements greater than 0.001 in. For 
the practical situation where the input 
motion exciting a substructure of a 
mechanical system is quite small—per- 
haps in the order of magnitude of 
0.0001 in.—the strain levels developed 
in the structure are very low. Since the 
damping capacity decreases for decrease 
in strain levels, the resonance amplifica- 
tion must necessarily increase. 

Generally speaking, the resonance 
amplification factor takes a very sharp 
rise when the input motions become 
very small. One might be misled by the 
fact that the authors chose to use rec- 
tangular coordinates in Fig. 11(a). By 
viewing the slope of the curves at say 
0.001 in., it appears that reasonably 
low values of the amplification factor 
could be expected at the lower input 
levels. I suspect that the amplification 
factor would be very much higher than 
that which would be obtained by pro- 
jection of the curves into the region of 
low input excitation. This difficulty 
could have been avoided by use of a 
logarithmic scale on the amplitude of 
vibration table. 


From a practical viewpoint, the 
d authors have not given sufficient proof 
7 d that the new alloy is a vast improvement 


over existing alloys for use in the design 


S. : 

i of structures which must operate in a 
:_ steady-state vibration environment. In 
Vy 7 Barry Controls, Inc., Watertown, Mass. 
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order to answer the question as to 
whether or not the new alloy is superior 
to existing alloys, it must be proven 
that the resonance amplification factor 
is satisfactorily reduced for extremely : 

low displacement input conditions. 

Mr. G. F. WEISSMANN (author’s 
closure)-—The authors wish to thank 
Mr. Nelson for his discussion of this 
paper. The remarks on castability, 
mechanical and physical properties, 
weldability and protective coatings are 
valuable supplements to this paper. 

In reply to Mr. Kaufman’s remarks 
regarding the purpose of the weight at 
the end of the test specimens, the 
author wants to state that this weight 
was attached to obtain a simple strain 
distribution in the cantilever beam. As 
has been explained in this paper and 
others (reference (3) and (4) of paper), 
the damping capacity is often affected 
by the strain distribution. Hence, it 
cannot be expected that test specimens 
with and without a weight at the free 
end will render identical results. Person 
and Lazan (1) state only that the effect 
of a static mean bending stress on the 
damping associated with a given alter- 
nating bending stress is small for ma- 
terial with little magnetomechanical 
effect. The stress distribution remained 
essentially the same in all their experi- 
ments. 

Regarding the question on magnesium 
alloys containing rare earth, the authors 
have not done enough work to judge 
their value for possible damping applica- 
tions. 

Mr. Ruzicka appears to be very con- 
cerned with the resonance amplification 
factor for displacement inputs of less 
than 0.001 in. He states very correctly 
that the damping capacity decreases 
with a decrease in the strain level and 
that the resonance amplification factor 
would therefore increase accordingly. 
The use of logarithmic coordinates for 
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both the resonance amplification factor 
and the amplitudes of the vibration 
table would perhaps show better the 
superior damping capabilities of the 
K1iX1 alloy compared to the conven- 
tional AZ81A alloy especially at low 
strain values. As far as practical appli- 
cations are concerned, the authors 
believe it has been shown that the use 
of this alloy reduces the resonance 
amplifications substantially for the par- 


(1) N, L. Person and B. J. Lazan, “The Effect 
of Static Mean Stress on the Damping 


Properties of Materials,” Proceedings, 
Am. Soc. Testing Mats., Vol. 56, p. 1399 
(1956). 


(2) W. E. Pearson, “Effect of Section Size Var- 
iations in a Test Casting on Properties of 
Some Mg-Al-Zn Alloys,” Transactions, Am. 
Foundrymen’s Soc., Vol. 64, p. 376 (1956). 

(3) R. W. Fenn, Jr., “Young’s Modulus of 
Magnesium Alloys as a Function of Tem- 
perature and Metallurgical Variables,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
58, p. 826 (1958). 
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ticular structure considered here. Figure 
14 of the paper shows that by use of this 
alloy the resonance amplitudes at one 
particular location have been reduced 
to about one fourth of the conventional 
alloy at table amplitudes of 0.0001 in. 
Similar results have been obtained at 
other locations. This appears to be 
sufficient proof of the higher damping 
capabilities especially at low strain 
values. 


REFERENCES 


(4) A. A. Moore and J. A. Gusack, “An Auto 
graphic Bearing-Strength Test, and Typical 
Test Values on Some Magnesium Alloys at 


Room- and Elevated-Temperatures,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 56, 
p. 834 (1956). 


(5) R. W. Fenn, Jr., and R. B. Clapper, “Eval- 
uation of Test Variables in the Determina- 
tion of Shear Strength,” Proceedings, Am. 
Soc. Testing Mats., Vol. 56, p. 842 (1956). 

(6) J. D. Hanawalt, C. E. Nelson, and J. A. 
Peloubet, “Corrosion Studies of Mg and Its 
Alloys,” Transactions, Am. Inst. Mining 
Engrs., Vol. 147, p. 273 (1941). 


“ite. ‘ 


q 


‘A STUDY OF THE VARIABILITY IN THE MECHANICAL PROPERTIES 
OF ALLOY A PHOSPHOR BRONZE STRIP* 


all 
SYNOPSIS 
This paper describes the use of an incomplete Latin square design for study- 
ing the variability in the physical and mechanical properties of grade A 
phosphor bronze strip. The experiment was designed so that the over-all 
variability can be partitioned into (1) variability among columns (along the 
length of the strip), (2) variability among rows (across the width of the strip), 
(3) variability among milling lots, and (4) residual variability. The actual 
design used is given together with the method of analyzing the observed data 

and the test results obtained. 
A by-product of the experiment is a comparison of different characteristics 


in the same group of specimens with respect to variability, for example, pro- ~. 4 
; portional limit values showed greater residual variability than did the tensile ee 
, or 0.2 per cent offset yield strength values. De 


Two recent ASTM symposia (1,2)? properties, such as tensile strength, 


and numerous individual papers have 
indicated that fatigue is a statistical 
phenomenon which requires further 
study. Recently, Torrey and Gohn (3) 
presented results from a comprehensive 
statistical study of fatigue, which in- 
dicated the need for additional studies 
of this type as well as a need for some 
knowledge as to the variability in other 
mechanical properties. A_ statistically 
designed experiment was therefore un- 
dertaken to determine how mechanical 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958 and re-pre- 
sented at the Fall Meeting of Committee B5 
at Lake Placid on September 15, 1958. 

1Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y.. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 910. 


elastic properties, and hardness, varied 
along the length and width of a strip of 
phosphor bronze; to study the effects of 
procedures associated with their meas- 
urement; and to check on _ possible 
relationships among the various prop- 
erties. The present paper summarizes 
some of the results of this investigation. 


MATERIAL INVESTIGATED 


The material investigated was a strip 
of alloy A phosphor bronze having a 
nominal thickness of 0.040 in. and 
a nominal composition of 5 per cent 
tin, 0.05 per cent phosphorus, and the 
balance copper. It was manufactured by 
the Riverside Metal Co., Division of 
H. K. Porter Co., Inc., of Riverside, N. J. 
from a 9 by 23 by 36-in. ingot cast from 
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a charge made from electrolytic copper, 
Pass No. 1 tin, and 15 per cent phos- 
phor copper. These materials were 
melted in a low-frequency induction 
furnace and cast in a copper, water- 
cooled mold. 

The 23-in. thick ingot was cold rolled 
to 1.250 in. and annealed at 1250F; 
cold rolled to 0.625 in., annealed at 
1250 F, and scalped. The material was 


TorREY, GOHN, AND WILK 


identification each of the 17 lengths was 
numbered consecutively from 01 to 17, 
the number having been stamped on the 
entering end of each strip by the manu- 
facturer as shown in Fig. 1. 


IDENTIFICATION OF SPECIMENS 


Each of the 17 lengths described in 
the preceding paragraph was divided 
into 11 columns; two additional digits, 


Direction of Rolling —> 


Position of Rows 


| 
17 16 | 03 02 o1 
| 
Position of Lengths 
ont ono 0109 | 0108 0105 0104 0103 0102 O10! 
Position of Columns 
Blanks for Tensile 7" Blanks for Fatigue 
Specimens Specimens 
| 
le---- le---¢.4 


Fic. 1.—Location of Lengths, Columns, and Rows in Phosphor Bronze Strip. 


then cold rolled to 0.250 in., annealed at 
1100 F, cold rolled to 0.064 in., and 
annealed at 900 F to a ready-to-finish 
grain size of 0.015 mm, after which it was 
cold rolled to the final thickness of 0.040 
in. 

One hundred feet of this material, 
supplied in 17 lengths each approxi- 
mately 6 ft long and 7 in. wide, was 
used in these tests. The 7 in. wide 
lengths were obtained from the 9-in. 
strip by slitting, during which opera- 
tion the outside inch was removed from 
both edges of the strip. For purposes of 


01 to 11, identify the location of each 
column in each length. Ten lengths were 
chosen at random* from the 17 lengths, 
and one column was chosen at random 
within each of these ten lengths before 
the material was laid out. The columns 
so chosen were 8 in. in length; each of 
the remaining columns was approxi- 
mately 6.4 in. long, the length required 
for fatigue test specimens. The 8-in. 
columns were divided into 10 rows 

3 Random number tables are included in 


many statistical texts, for example, references 
(4) and (5). 
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which were identified by the numbers 01 
to 10. Thus by the use of six digits each 
specimen can be identified as to the 
length, column, and row from which it 
was taken. For example, a specimen 
numbered 011110 was taken from the 
tenth row in the eleventh column of the 
first length (Fig. 1). 

After the entire lot of material was 
laid out and numbered as described, the 
individual rectangular blanks were 


TABLE I.—INCOMPLETE 


EXPERIMENTAL DESIGN 


The natural sources of variability for 
this experiment were along the length 
and across the width of the strip of 
metal and differences among the milling 
lots in pretest specimen preparation. 
The first two can be summarized ac- 
cording to columns and rows, respec- 
tively, as described previously. Because 
a stack of specimens to be milled in one 
operation could not exceed 1.0 in. in 


LATIN SQUARE DESIGN. 


Note.—D and F each designate separate milling lots of 10 specimens. (B + E) and (A + C) 
designate two separate milling lots, each of 20 specimens. 


a] os 6 7 8 9 10 
0703 | 1006 | 1103 | 1201 | 1302 | 1410 | 1709 


Column. ... 3 
Designation. ............ oul 0402 0506 
F D Cc 


sheared from the several lengths, coated 
with lard oil to prevent corrosion, and 
stored in sealed test tubes until required 
for test. 


PROPERTIES INVESTIGATED 


The properties investigated in this 
study included the mechanical prop- 
erties—modulus of elasticity, propor- 
tional limit, yield strengths at 0.01 and 
0.2 per cent offset, tensile strength, 
elongation (per cent in 2 in.), and Rock- 
well hardness numbers, B and 30T 
scales—as well as thickness, width, and 
area. Of these properties, only the 
thickness, width, and two Rockwell 
hardness values were measured directly. 
The others were calculated from ob- 
served values of load, width, thickness, 
and length by means of well-established 
relationships. 


Cc D F 
E F A B 
D A Cc E 
B A E 
F B Cc 
D C B F 

B | F D 


D 


thickness, a single milling lot could not 
contain more than 23 specimens of 
0.040-in. material plus the two outside 
blanks. 

Since the width of the strip allowed 
ten rows of specimens for tension tests, 
selecting ten columns from the available 
187 gave rise to 100 potential mechanical 
test specimens, each classified by row 
and by column. 

A class of experimental designs known 
as Latin square designs is often especially 
appropriate where the material may be 
naturally cross-classified according to 
two criteria—rows and columns. These 
designs are based on a geometric con- 
figuration, the Latin square. A k X k 
Latin square is an arrangement of k 
distinct objects (Latin letters) in & rows 
and k columns such that every distinct 
letter appears once in every row and 
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every column. An example for k = 3, is were identified with the row by column 
layout of the specimens. Finally, four of 
the ten letters were randomly chosen 
and deleted from the design. Each of the 
six remaining Latin letters then desig- 
s nated 10 specimens. To shed light on 
Classically, such designs are of value _ the effect of size of milling lot, two pairs 
in comparing & treatments, correspond- of letters were amalgamated. Thus the 
ing to the distinct letters, when major design called for two milling lots of 20 
sources of variation in the material may specimens each and two of 10 specimens 
be associated with rows and columns. each. With arbitrary relabeling of letters, 
Comparisons of the treatment effects, the design shown in Table I resulted. 
which are balanced with respect to the In this design the letters D and F 
additive contributions of rows and col- each designate 10 specimens used in two 
umns, may then be made and the statis- separate milling lots of 10. Each pair 
tical analysis involved is computationally (B + E) and (A + C) designate 20 
simple. specimens used in two separate milling 
The basic idea of the Latin square lots of 20. 
design appeared quite appropriate to the The position of specimens within lots, 
present experimental situation, with mill- the order in which the lots were milled, 
ing lots regarded as the treatments. and the order in which the individual 
Thus, for example, one might employ 10 specimens were tested were randomized. 
milling lots, each of 10 specimens, made The general object of randomizing in 
up from our 10 X 10 square according this experiment, as it is in others, is to 
to a Latin square design. This would, keep unknown or uncontrolled effects 
however, have involved more specimens from being systematically confounded 
than desired because general time, labor, with factors under deliberate study. 
and test facility considerations indi- Table II gives the order of milling, 
cated that about 50 or 60 specimens _ order of specimens in the stack, and order 
could be used in the experiment. Also, if of test. For example, the first group of 
all milling lots were of equal size the tension test specimens to be machined 
experiment would not have indicated was milling lot D, the blanks being 
anything about the dependence of vari- stacked in the order given in the first 
ability within milling lots on the lot column of the table. The machined 
size. specimens were tested in the order 
At the expense of a somewhat more _ given in the second column of Table II. 
tedious statistical analysis, a modified 
Latin square design, formally a 10 « 10 SPECIMEN PREPARATION AND . 
Latin square with 4 “missing” treat-— Test Mernons 
ments, was employed. This reduced the The numbered blanks were stacked in 
number of specimens required to 60 but the order given in Table II, as deter- 
still allowed all 10 rows and 10 columns mined by the randomization of the 
to be represented. The 10 X 10 Latin experimental design. They were prepared 
square configuration was taken from the by the conventional cross-milling tech- 
tables of Fisher and Yates (4), and the nique using a spiral fluted form cutter. 
rows, columns, and letters of this con- The blanks were milled in four lots: Lots 
figuration were reordered at random, D and F were milled separately as lots 
retaining the original number designa- of 10 while lots (A + C) and (B+ E£) 
tion of the rows and columns, which’ were milled as lots of 20 each. 
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After milling, the specimens were 
measured in the order given in Table II. 
For each specimen, the point of mini- 
mum thickness was located. The thick- 
ness and width at that point were 
measured with a micrometer having a 
nominal precision of +0.00005 in. The 
corresponding area is essentially the 
minimum cross-sectional area of the 
specimen. 

The Rockwell hardness tests were then 
made as prescribed in ASTM Methods 
E 18.4 A spot anvil and a new ,},-in. 
diameter steel ball were used for each 
series of tests. Prior to and following 
completion of the test, the calibration of 
the hardness tester was checked against 
a standard block and found to be within 
the specified limits. The Rockwell hard- 
ness numbers were read to +0.1. One 
reading was taken at each end of the 
tensile specimen. The specimens were 
tested in the order given in the second 
column of Table IT. 

The tension tests were made as 
prescribed in ASTM Methods E8,° 
using test specimens in accordance with 
the dimensions shown in Fig. 7 of 
Methods E 8. A 60,000-lb Baldwin-Tate- 
Emory testing machine with Templin 
jaws and a microformer automatic ex- 
tensometer (P101 M21) was used. Pre- 
loads of 20 to 40 lb were applied to each 
specimen prior to the attachment of the 
extensometer. During test, the speed of 
test (rate of jaw separation) was constant 
for all tests. In the load-strain charts, 
the magnifications were such that 1 in. = 
200 Ib load and 0.002 strain. Calibration 
of the testing machine showed that the 
load scale used was accurate to + 0.06 
per cent. 


*Tentative Methods of Test for Rockwell 
Hardness and Rockwell Superficial Hardness of 
Metallic Materials (E 18 — 57 T), 1958 Book of 
ASTM Standards, Part 3. 

5 Tentative Methods of Tension Testing of 
Metallic Materials (E 8 —- 57 T), 1958 Book of 
ASTM Standards, Part 3. 


» 


Load values were read from the 
curves on the chart recordings to + 5 lb 
for proportional limit and yield strength 
at 0.01 per cent offset. For yieldstrengths 
at 0.2 per cent offset, the load values 
were read from the curves to +2.5 lb. 
These ranges take into account the 
uncertainty in determining the offset 
point as well as the uncertainty in 
determining the load value at that point. 
The maximum load values for tensile 
strength were read from the testing 
machine scale to +} lb. Strain values 
were read from the chart to +0.00002. 
Elongation values were derived from the 
measurement of the length of the speci- 
men between gage points before and 
after fracture; the lengths were read to 
+0.005 in. The tension tests were made 
in the order listed in the second column 
of Table II. 

All tests were made by one operator 
who also read the values from the load- 


strain charts. 
STATISTICAL ANALYSIS 


The purpose of the statistical analysis 
was to evaluate objectively any sys- 
tematic effects in the mechanical prop- 
erties that could be associated specifically 
with the row, column, or milling lot 
classifications. The large variabilities 
inherent in the test material, in methods 
of specimen preparation, and in some of 
the test procedures make it especially 
desirable to employ objective statistical 
procedures. 

The basic preliminary tools for study- 
ing the data were a least squares analysis 
and an analysis of variance. Both these 
procedures were complicated by the 
fact that the design used was incomplete; 
that is, only 60 of the available 100 
blanks were tested. Thus the six (pseudo) 
milling lots were balanced with respect 
to rows and columns, but the row and 
column classifications were not balanced 
with respect to each other (see Table I). 
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The model used for analysis is indi- 
cated by the following: 


Observation = (over-all mean) + (row effect) + 


(column effect) + (milling lot 

The application of least squares to this 
model leads to 1 + 10+ 10+ 6 = 27 
equations which define the estimates of 
the various effects. These equations, 
which are linear in the estimates of the 
effects, are not however independent of 
each other. To obtain unique solutions, 
it is both customary and reasonable to 
employ the restrictions: 


Sum of estimates of row effects = 0 
Sum of estimates of column effects = 0 


Sum of estimates of milling lot effects = 0 


With such constraints, the effect of 
row 1, for example, is to be interpreted 
as the deviation between the average 
response of specimens in that row from 
the over-all mean response. 

The equation for estimating the over- 
all mean then becomes: 


60 X (estimate of over-all mean) = grand total 


The six equations for the (pseudo) 
milling lot effects each have the form: 


10 X (estimate of over-all mean) + 


7 10 X (estimate of milling lot effect) = 


total for that milling lot. 


The equations for the row effects and 
those for the column effects, however, 
have a structure exemplified by the 
equations associated with the effects for 
row 1 and column 1 which are as fol- 
lows (6): 


66 + Fite 
644+ 6 +f tistictis thy = 


Since we have imposed the conditions 


10 10 
Dri = Doc: = 0, these are equivalent 
to ® 
Ou + OFA — — — — = Ri 


64 + 62: — — — — = Ci 


f = estimate of effect due to the over- 
all mean, 
7; = estimate of the effect due to row 1, 
¢, = estimate of the effect due to 
column 1, 
R, = total for row 1, ce 
C; = total forcolumn l,etc. 1 


These two sets, each of ten equations, 
must be solved simultaneously to evalu- 
ate the least squares row and column 
effect estimates. This may be done 
iteratively by finding row effects as 
exemplified by: 


using “trial value” ¢ of the column 
effects. The 7 values are then used in 
the column equations as exemplified by 


62, = Ci — + Fi + + + Fro 


Then the new ¢€ values are used in 
equations for 7 values, etc., until the 
difference between the latest value and 
the preceding value is zero to the 
desired number of places. 

Such a process is convergent and 
practical, even with a desk calculator, if 
graphical extrapolation is used as a 
guide. 

In the present work, this computation 
was carried out on an IBM 650 com- 
puter. This was especially advantageous 
here because a parallel analysis was 
carried out on each of 11 characteristics. 

In the analysis of variance of this 
experiment, the 60 observations on a 
particular characteristic, such as tensile 
strength, are partitioned into sets of 


“degrees of freedom” as follows: 
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where: 


, Degrees of m); = estimate of milling effect for the kth mill- 
Source Freedom 
ing lot, and 
ee ree 1 M, = total for the kth milling lot. 
5 The analysis of variance table is 
| 
Source of Variability Beans of Sum of Squares Mean Square 
Columns ignoring rows.................. 9 S3 
Rows¢ eliminating 9 (Sz — S3) (Se — 83)/9 
Rows ignoring columns.................. 9 Ss & 
olumns eliminating rows................ 9 (Se — (S2 — Ss)/9 
Se — Ss) 


Since the design is not completely 
balanced, the sum of squares for rows 
and columns cannot be computed from 
the simple row and column totals. 
Having in hand, however, the individual 
observations, the totals for rows and 
columns, and the least squares estimates 
of the effects of rows and columns, the 
various sums of squares may be found as 


follows: 


Sum of squares due to mean, 


= = 60 


where y; = an individual observation. _ 
Sum of squares due to rows and columns, 
Se = DA Ri + Dé; C; 


Sum of squares due to columns ignoring rows, 


=C;? 
S3 = — 


Sum of squares due to rows ignoring columns, 


5, = —— — 


Sum of squares due to milling lots, a 


The variability among rows is then 
evaluated from the comparison of the 
mean squares (Sz — S3)/9 and S,/36. 
Similarly, for columns the means squares 
from (S2 — S,)/9 and Ss/36 are com- 
pared. The quantity S./36 may be 
regarded as an estimate of the standard 
deviation of the residual variation after 
eliminating the effects due to the as- 
signable causes—namely due to rows, 
columns, and milling lots. 

The five degrees of freedom associated 
with milling lots may be meaningfully 
partitioned further. It may be recalled 
that the six “letters” were assigned to 
two milling lots of 10 (D and F), and 
two milling lots of 20 (B + E and A + 
C). It is of interest then to make the 
following breakdown: 


Degrees Sum 
Source of of 
Freedom | Squares 


Between milling lots of 10 


1 
Between milling lots of 20 
((B + E) versus (A + C)}.. 1 Sse 


Lots of 10’s versus lots of 20’s 
(2(D + F) versus (B + E) + 


10’s within 20’s (B versus EB). . 1 S54 
10’s within 20’s (A versus C).. 1 Sss 


| 
| 
t : 
4 
S 
7 
1 
4 
| 
f 
‘ 
| =M;2 
Ss; = =m M, = —— — 6Op? 
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The sum of squares can be obtained as__ procedures occurred during the experi- 


follows: ment. 
5 (mp — My)? x 10 wide STATISTICAL ANALYSIS OF Test DATA 
a) 2 ‘The data given in Table II were 
ax analyzed by the methods outlined pre- 
+ viously. Table III summarizes the mean 


square values obtained for the major 
sources of variability as well as for the 


ee residual, a measure of the variability 
(2(M@p + Mp) — hy — My — My — 19 test specimens combined with 
in 12 the variability due to test procedures. 
7 a P ‘Table IV gives the ratios of the mean 
= x10 squares to the residual mean square; 
. 2 7 significantly large values are marked 
with asterisk zest the presence 
ith asterisks and suggest the presence 
Ss = — 0 one or more assignable causes of 
variation. 


«i Each of the sources of variability may Variations in Material: 
then be evaluated by comparison of its 
mean square with the residual mean 


The most important variation in the 
material with respect to columns and 
rows is for thickness. The significant 
variation of thickness affects the varia- 
tion of area, and is correlated with the 
" Table IL gives the test data, by variation in modulus of elasticity, the 
milling lots and the order of the speci- proportional limit, the yield strengths, 
mens within each stack, for thickness, and tensile strength (which are based 
width, area, and the eight mechanical on load divided by area) as well as elon- 
properties determined from the test gation. 
specimens. Figure 3 presents graphically, for all 

Figure 2 shows the individual ob- characteristics, the estimates of the 
served values of thickness, width, and column and row effects. The deviations 
the eight mechanical properties by order from the mean, as shown in Fig. 3, 
of test. The horizontal lines are the suggest in a general way the relation- 
medians of the 60 observations for each ships among the various properties. The 
characteristic. Long runs of eleven or statistical significance of the deviations 
more points on either side of the median cannot be judged from the figure but 
would indicate a change, at the 0.01 are evaluated objectively through the 
significance level, in the testing pro- results of the analysis of variance given 
cedure or in the method of reading the in Tables III and IV. 
observed values if only one characteristic It may be noted that the specimens 
were considered (7). The longest run from column 9 (or 1410) are thinner by 
observed was eleven points above the more than 0.001 in., on the average, than 
median for proportional limit. Since a the specimens from the other columns. 
similar run is not present for any of the The estimates for area and elongation 
related characteristics, it is concluded are also low for that column while the 
that no significant changes in the test estimates of modulus of elasticity, pro- 


Test 


= 
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Order of Test 
° | 10 15 20 25 30 35 40 45 50 55 60 
16.0F Modulus of Elasticity 
x 103 
56 
54 
52 
50 Proportional Limit 
a 
03 Yield Strength, O.O! per cent Offset 
al 
82 Yield Strength, 0.2 per cent Offset oe 
x 103 
92} 
90 
88 
Tensile Strength 
s= 10 
6 Elongation 
93.0 
92.5 
920 
91.55 Rockwell B Hordness 
80.0 
g 79.0 
6780 
Rockwell 30T Hardness 
30 25 30 35 40 45 50 55 60 


Order of Test 
Fic. 2.—Individual Values in Order of Test. Horizontal lines are sample medians. 
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Column Number 
T T TT 


~d 


Yield Strength, 0.01 per cent Offset 


Yield Strength, 0.2 per cent Offset 


x 10> 
Tensile Strength 
-2.0 
Elongation 
0.20 
= 
-0.20} 
Rockwell B Hardness 
0:20 
-0 
Rockwell 30T Hardness 
200 400 


Distance from Entering End of Strip, in. 
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portional limit, yield strength at 0.01 
per cent offset, and yield strength at 0.2 


per cent offset are high. In fact, the 
significant variation among columns for 
modulus of elasticity, proportional limit, 
yield strengths, and elongation appears 
to be due mainly to the thinness of the 
specimens in column 9. Tensile strength 
has a similar pattern of column effects, 
but the variation is not statistically 
significant (Table IV). 

Estimates of the row effects, on the 
right side of Fig. 3, show the systematic 


Milling Lot 
A 0 F 
0,0005 
0,0005 
« = 0002 
| 
= 0.00 e 
-0,001 
Cc = 
9.9005 
s 
a -0,0010 Area 


Fic. 4.—Estimates of Milling Lot Effects. 


variation of thickness across the strip. 
A comparison of the two charts for 
thickness shows that the variation across 
the strip is not as large as the variation 
along the length of the strip, though it is 
statistically significant (Table IV). The 
patterns of variation for the mechanical 
properties do not appear to be closely 
related to the pattern of variation for 
thickness, nor are they consistent within 
themselves. The amount of variation in 
thickness across the strip is apparently 
not large enough to mask the effects of 
other causes of variation, which may 
include differences in the final ready-to- 
finish grain size, the surface condition, 
and possibly in prior history. 
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Tensile strength varies significantly 
with respect to rows, though the column 
variation was not significant (Table IV). 
The Rockwell hardness charts show 
more variation in row effects than in 
column effects; the variation for Rock- 
well hardness, B scale, is significant. 
The variation of yield strength at 0.2 
per cent offset is more significant than 
that at 0.01 per cent offset (Table IV), 
though the actual variation of the row 
effects of the former is smaller. This 
result is due to the smaller residual mean 
square for yield strength at 0.2 per cent 
offset (Table ITT). 


TABLE V.—VARIABILITY OF 
MILLING LOTS 


WIDTH IN 


Variance 
| 
Lots of 20: 


— 
F Ratio, 1.30 


= 2.65. 


Variations in Milling Lots: 


Table IV summarizes the comparisons 
made among and within milling lots. 
The characteristics that were affected 
significantly were width and area: among 
milling lots, between lots of 20, and 
between lots of 10 and lots of 20. Figure 
4, which includes charts for thickness, 
width, and area only, shows that the 
specimens in the lot of 20 comprising the 
(pseudo) milling lots B and E were 
markedly narrower than the others. It is 
not clear whether this condition is 
related to the inclusion of 20 specimens 
instead of 10 in one milling lot or not, 
since the specimens in the (pseudo) 
milling lots A and C have widths that 
do not deviate markedly from those i in 


¥ 
| 
~ 
| 


908 
lots D and F, which include only ten 
specimens each. 

A statistical test (F test) indicates 
that the average variance of width for 
the milling lots of 20 is greater than the 
average variance for the milling lots of 
10 (Table V); the large variance of lot 
(B + E) contributes importantly to the 
difference. A plot of width against 
stacking order shows more variability in 
the large milling lots but no important 
trends. 

Thus there is some indication that 
small milling lots are preferable to large 
milling lots. However, the results of the 
analysis of variance (Table IV) give 
little evidence that the mechanical prop- 
erties of the specimens are influenced 
significantly by the milling procedure. 


Relative Precision of Measurements: 


A comparison of the residual mean 
squares in Table III for proportional 
limit, yield strengths, and __ tensile 
strength is interesting. The mean squares 
for yield strength at 0.2 per cent offset 
and tensile strength are not significantly 
different. However, the mean square for 
yield strength at 0.01 per cent offset is 
significantly larger than those for yield 
strength at 0.2 per cent offset and tensile 
strength, while the mean square for 
proportional limit is larger yet. Since 
these properties were all determined from 
the same group of specimens, the dif- 
ferences may reflect dissimilarities in the 
precision of the measured load values for 
the four characteristics. Thus it may be 
that the load values for proportional 
limit were determined less precisely than 
those for yield strength at 0.01 per cent 
offset even though they were both read 
to +5 lb. Likewise the Rockwell hard- 
ness 30 T numbers appear to be deter- 
mined less precisely than the numbers on 
the B scale though the hardness num- 
bers were all read to +0.1. 
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Relationships Among Properties: 


The variation in thickness shown in 
Fig. 3 is inherent in the method of 
manufacture of the phosphor bronze 
strip. Crown, that is, an increase in 
thickness from edge to center, is as- 
sociated with bending of the rolls while 
variation along the length is associated 
with attempts to control the thickness 
within prescribed limits by increasing or 
decreasing the gap between the rolls on 
the basis of running thickness measure- 
ments made during cold reduction of the 
strip. The latter results in a series of 
transverse ridges and troughs which has 
a similar pattern for all ten blanks in 
any given column (Fig. 3). 

Inspection of the column effects in 
Fig. 3 indicates that there is an as- 
sociation between the variation in thick- 
ness and the variation in the mechanical 
properties. The plots for modulus of 
elasticity, proportional limit, the two 
yield strengths, and tensile strength are 
almost direct images of each other. The 
column effects of these properties vary 
inversely with thickness, even though 
the direct effect of thickness is taken 
out by the mode of their computation. 
Except for the elastic modulus, this 
inverse relationship between thickness 
and the mechanical properties listed is in 
accordance with general metallurgical 
theory that increasing amounts of cold 
working, that is, reduction from a 
heavier to a lighter gage, should result 
in an increase in the value of the re- 
maining four mechanical properties. Such 
theory also indicates that the elongation 
values should vary directly with thick- 
ness. The latter association was observed 
in the column effects but not in the row 
effects. 

This absence of association in the 
row effects may be due to the fact that 
the systematic variation in thickness 
across the strip is not due to varying 


i 
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amounts of cold working but is present 
throughout the manufacture of the 
strip. While the crown imparted during 
processing prior to scalping is mostly 
removed by the latter operation, ad- 
ditional crown is, of course, rolled into 
the strip during subsequent cold working. 

The plots of the row effects for the 
tensile and elastic properties show no 
direct association with thickness. There- 
fore, it appears to be varying amounts of 
cold working or per cent reduction in 
the material, indicated by the varia- 
tions in thickness along the length, 
rather than the more or less uniform 
variation across the width that contrib- 
ute significantly to the variation in 
many of the mechanical properties. 

An interesting feature is the absence 
of any distinct relationship between the 
two hardness numbers, from either Fig. 
2 or Fig. 3. Likewise, there is no strong 
association of either of the hardness 
numbers with the mechanical properties. 
This does not, of course, of itself invali- 
date the usual assumption of the exist- 
ence of such relationships for gross 
changes from temper to temper. 

The mechanical properties may be 
regarded as parameters which partially 
describe the load-strain curve for a 
specimen. The existence of some cross- 
relationships indicate some redundancy 
in the descriptive parameters. Further 
study of this matter might be useful. 


CONCLUSIONS 


Specimen thickness was found to vary 
systematically across the strip and to 
vary markedly from one position to 
another along the length. The specimens 
from one length (No. 14) were con- 
siderably thinner than those from other 
lengths and also showed corresponding 
extreme values for the column effects 
on the mechanical properties, excepting 
hardness numbers (Fig. 3). 

Variability along the length of the 


ye 


strip was found to be statistically 
significant for most of the mechanical 
properties. Variability across the strip 
was found to be less significant except 
for tensile strength and the Rockwell 
hardness B scale numbers and does not 
appear to be associated with the vari- 
ation in thickness. 

It was found that the milling operation 
does not have a significant effect on the 
mechanical properties even though there 


_is a significant difference among milling 


lots with respect to width. The varia- 
bility of the width of the specimens in 
the larger milling lots was found to be 
significantly greater than that in the 
smaller milling lots. 

The experiment also provides a com- 
parison of the precision of load values 
used in computing proportional limit, 
the yield strengths, and tensile strength 
as well as a comparison of the precision 
of the two hardness numbers. 

The results of this experiment indicate 
the amount of variability in the dimen- 
sions and mechanical properties that 
may be expected among specimens from 
a single strip of phosphor bronze. The 
variability of specimens from different 
strips would be even greater. Considera- 
tion should be given to the choice of the 
mechanical property used to compare 
lengths within a strip or different strips, 
since some properties are determined 
more precisely than others. 

Reversed bending fatigue tests are 
now being made on specimens from this 
same strip of phosphor bronze. One 
phase of this investigation will be the 
relationship between the mechanical 
properties of particular lengths and the 
fatigue life of specimens from the same 
lengths. 
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DISCUSSION 


easily have been included in the study, if 
fatigue test data had been available. 

As a technical report the paper ad- 
mirably meets all requirements, ex- 
cepting possibly in what seems to the 
writer to be a confusing use of the 
terms “column” and “row.” Would the 
authors state whether or not there is any 
tie-in between, say, column 0111 on Fig. 
1 and column 1, designation 0111 in Table 
I? 

Mr. R. J. CuristINne? (by letter) —The 
experimental design using a modified 
Latin square to investigate the vari- 
ability of mechanical properties is quite 
involved mathematically. However, the 
conclusions and graphs showing _in- 
dividual values in order of test can be 
readily appreciated. 

This rather elaborate experiment con- 
firms what technical mill-control per- 
sonnel puts up with every day and it is 
most enlightening to realize the ramifica- 

? Technical Supervisor, Torrington Division, 
American Brass Co., Torrington, Conn. 
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tions of random sampling in the mill. 
The next problem would of course be a 
solution as to why some of these physical 
properties seem to fluctuate out of 
proportion to others and how to control 
them. 

It has been our experience that Rock- 
well hardness values for tempers over 
hard are relatively insensitive and often 
misleading when compared with tensile 
or yield strength. Surface effects are 
probably responsible for the lack of 
correlation between scales with varying 
loads. 

The row effects can be attributed to 
the built-in crown throughout manu- 
facture, as explained. The column effects 
are more subtle and rolling conditions 
during one or several passes would have 
an extremely large effect. Mill speed, 
lubrication, heating of rolls to change 
crown and screw-down changes, would 
all be factors. In addition, the uniformity 
of the interanneal throughout the coil 
would influence the deformation and 
rate of work hardening. 

Internal soundness was not mentioned, 
but the elongation is usually a good 
indication of relative cross-section sound- 
ness. 

One point that certainly should be 
emphasized as a result of this study is 
the folly of tightening up on mechanical 
property limits without a realization of 
the factors involved and the extent of 
variability. 

Miss M. N. Torrey (author’s closure). 
—In answer to Mr. Cummings, the 
variability in fatigue strength for this 
particular lot of phosphor bronze strip is 
now being studied and will be the 
subject of another paper which we hope 
to present before ASTM Committee E-9 
on Fatigue. Mr. Cummings is correct in 
assuming that there is a tie-in between 


the columns shown in Fig. 1 and those 
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shown in Table I. As pointed out in the 
text, the 100-ft length of phosphor 
bronze strip was divided into 17 lengths 
each of which was designated by the 
first two digits of a six digit number. 
Thus a specimen designated by the 
number 011101 was taken from the first 
length (01). Each length in turn was 
divided into 11 columns by cutting the 
strip normal to the rolling direction. 
The position of these columns in the 
strip is designated by the third and 
fourth digits (01 to 11). Finally each 
column selected for test was divided into 
10 rows by shearing parallel to the 
length (rolling direction) and the posi- 
tion of each of these ten rows in their 
respective columns was designated by 
the last two digits (01 to 10). Thus the 
sample referred to in the second line of 
Table I by the first four digits of the 
designation, for example, 0111, would 
refer to any blank selected from the 
lower left hand column shown in Fig. 1. 
If the last two digits that identify the 
row, for example 01, were added, then 
the full designation would be 011101 
and this would be the top blank shown 
in the left hand column of Fig. 1. In 
Table I, the first four digits are therefore 
shown in line 2 across the top of the 
table to identify the ten columns selected 
at random, while the two digits in the 
left hand column complete the identifica- 
tion of the individual specimen blanks. 
The numbers 1 to 10 in line 1 of this 
table have no significance other than to 
indicate the order in which the randomly 
selected columns were grouped to form 
the Latin square. 

We appreciate the comments of Mr. 
Christine and hope that others will be 
made aware of the significance and use- 
fulness of studies such as we have re- 
ported in setting up specification re- 
quirements. 
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i MICROSTRUCTURAL OBSERVATIONS PERTINENT TO THE 


TEMPERING 


By W. 


steels. 
these practices. 


Woodfine (1,2)? has suggested that the 
increase in Charpy impact transition 
temperature with increase in time at 
temperatures immediately below the 
lower critical temperature is caused by 
an increase in ferrite grain size. He 
offered this as a probable explanation of 
the so-called “upper nose temper em- 
brittlement” observed in alloy steels. 
Jaffe and Buffum (3) indicated, however, 
that no increase in grain size was ob- 
served in the SAE 3140 steel used in 
their investigation. Powers, in discussing 
Jaffe and Buffum’s results (3),’ noted 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

! Materials Research Laboratory, Ordnance 
Materials Research Office, Watertown, Mass. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 930. 

3 Transactions, Am. Inst. Mining and Metal- 
lurgical Engrs., Vol. 209, p. 1316; Journal of 
Metals, Oct., 195 
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AND TEMPER BRITTLENESS OF STEEL* 


Utilizing the maximum resolution of the visible light microscope, the authors 
have demonstrated the growth of ferrite grains in an SAE 3140 steel tempered 
for varying times and at various temperatures below the lower critical tempera- 
ture. The evidence presented supports the view that 
temper embrittlement” is nothing more than a manifestation of the change in 
impact properties accompanying the normal changes in microstructure which 
occur during the fourth stage of tempering. Reported ferrite grain diameters of 
the order of 2u are consistent with those previously published for plain carbon 


“upper nose isothermal 


Etching practices associated with temper brittleness studies are discussed. It 
is pointed out that significant structural details may be overlooked because of 


their lack of evidence of ferrite grain 
growth, which seemed contrary to the 
data of others and to Gilman’s (10) 
theory of crack propagation in crystal 
aggregates. 
Hyam and Nutting (4) have demon- 
strated, with microstructural evidence, 
that, in fact, ferrite grain size does 
increase with increasing tempering tem- 
perature and increasing time at tempera- 
ture in plain carbon steels having carbon 
contents varying from 0.1 to 0.9 per 
cent. They also suggested that the 
process of simultaneous growth of ferrite 
grains and carbide particles be called the 
fourth stage of tempering. Owen and 
co-workers (5) and Frazier, Boulger, and 
Lorig (6), investigating ship steels, 
Hodge, Manning, and Reichhold (7), 
investigating mild steels, with and 
without nickel, Burns and Judge (8), 
investigating a 0.24 per cent plain 
carbon steel, obtained data which show 


sm 


| 
+ 
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TABLE I.—CHEMICAL COMPOSITION. 


Composition, per cent 
Steel Designation 
Carbon | Man. | silicon | Sulfur | AMOS | Nickel | Chro- |Molyb-| Vana- 
BAR 0.39 | 0.79 | 0.30 | 0.028) 0.015) 1.26 | 0.77 | 0.02 
BAT 1600 0.21 | 0.44 | 0.11 | 0.024) 0.007) trace | 0.02 | trace 
0.34 | trace | 0.34 | 0.027) 0.005) 4.52 | trace | trace | ... 
Manganese-vanadium steel... . . 0.14 | 1.30 | 0.20 | 0.021; 0.02 nil 0.025; trace | 0.115 
Manganese-nickel-chromium- 
molybdenum steel........... 0.28 | 1.57 | 0.32 | 0.027) 0.017) 0.63 | 1.06 | 0.49 
Nickel-chromium-molybdenum 
0.27 | 0.76 | 0.32 | 0.017) 0.010) 3.29 | 1.54 | 0.49 
Nickel-chromium steel......... 0.35 | 0.87 | 0.22 | 0.022) 0.029) 1.16 | 0.50 | trace 
TABLE II.—HEAT TREATMENT AND IMPACT PROPERTIES. 
Im- 
Test- | pact 
Im- ing |Trans 
pact | Tem- | ition 
Steel Designation Austenitizing Treatment | Tempering and Embrittlement Treatments | Ener- | pera- | Tem- 
deg | ture, 
_ Cent | deg 
Cent* 
SAE 3140 steel. ...| 900 C, 1 hr, water 700 C, 5 min, water quenched -—78 
quenched 700 C, 8 hr, water quenched —40 
675 C, 5 min, water quenched 
j Swe 675 C, 240 hr, water quenched —14 
650 C, 5 min, water quenched —72 
650 C, 48 hr, water quenched —35 
7 675 C, 1 hr, water quenched —78 
675 C, 1 hr, water quenched, plus 
500 C, 240 hr, water quenched +25 
SAE 1020 steel. 1000 C, 1 hr, trans- | 1 hr, water quenched 7.5) +20 
| ferred to bath at | 680C, 1 hr, furnace cooled at rate | 58.0) +20 
725 C, held for 30 17 C per hr 
min, water 
quenched 
4.5 Nickel steel....| 840 C, 14 hr, water | 650C, 44 hr, water quenched 35.8} —40 
‘quenched 650 C, 14 hr, furnace cooled at rate | 25.8) —40 
17 C per hr 
Manganese-vana- | 900C, 1 hr, water | 650C, 1 hr, water quenched 127.0, —40 
dium steel... ... quenched 650 C, 1 hr, furnace cooled 8.9} .. 
Manganese-nickel- | 900C, 3 hr, water | 650C, 41% hr, water quenched 74.9) —40 
chromium- quenched 650 C, 414 hr, furnace cooled 42.4) —40 
molybdenum 
Nickel-chromium- | 940C, 4 hr, oil 650 C, 4 hr, water quenched 63.7, —40 
molybdenum quenched 650 C, 4 hr, water quenched, plus | 7.2| —40 
"aOR 455 C, 500 hr, water quenched 
Nickel-chromium- | 870C, 1° hr, water | 600C, 1 hr, water quenched 98 0 
eee quenched 600 C, 1 hr, water quenched, plus | 12 0 
455 C, 500 hr, water quenched 


* Transition temperatures listed are Jaffe and Buffum’s uncorrected values (3). 
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that an increase of transition tempera- 
ture occurs with increase in equiaxed 
ferrite grain size. Baeyertz, Craig, and 
Bumps (9), investigating a steel of 
eutectoid composition, containing nickel, 
presented evidence of an increase in 
transition temperature with increase in 
ferrite grain size which also involved a 
change in grain morphology. 

Because experimental verification of 
ferrite grain growth during the tempering 
of an SAE 3140 steel should provide 
basic information relative to (a) the 
tempering process and (6) upper nose 
embrittlement, the present study was 
undertaken. Incidental to the use of 
metallographic techniques, additional 
data were acquired concerning etching 
effects, for the material under investiga- 
tion as well as for some other steels. 


MATERIALS AND PROCEDURES 


Tempered structure studies were made 
using the SAE 3140 steel for which 
Charpy impact transition data are 
available from the work of Jaffe and 
Buffum (3). Etching studies were con- 
ducted on specimens of other steels as 
well as the one just cited. Chemical 
compositions for all steels are included 
in Table I. Heat treatments and perti- 
nent Charpy impact data are given in 
Table II. All steels, with the exception 
of the SAE 1020, were quenched to 100 
per cent martensite. The SAE 1020 
steel was treated to produce patches of 
martensite in a ferrite matrix. 

All specimens were mechanically 
polished. In order to investigate tem- 
pered structures, specimens were etched 
for 3 to 4 min in a 0.5 per cent aqueous 
solution of picric acid. To check etching 
effects, specimens were immersed, for 
varying times, in either of two reagents, 
namely, ethereal picric acid — Zephiran 
chloride (13) and 0.5 per cent aqueous 
solution of picric acid. 

Microstructures were observed and 


photographed with a visible light micro- 
scope, employing Apochromat 60, 0.95 
N.A. and Apochromat 108, 1.6 N.A. 
objectives. To secure maximum resolu- 
tion, an interference filter, peaked for 
4360 A, and spectroscopic plates, type 
II-O, were used in conjunction with the 
1.6 N.A. objective. 

Ferrite grain sizes in the SAE 3140 
steel were estimated by an intercept 
method. Three representative fields of 
each specimen were photographed at 
3500 diameters. A total of six measure- 
ments was made for each field along three 
sets of two mutually perpendicular lines. 
The average ferrite grain diameter, d, 
reported herein, is the value obtained 
from the relation 


where D is defined as the mean distance 
between ferrite boundaries intercepted 
along a straight line by both ferrite- 
ferrite boundaries and _ferrite-carbide 
boundaries at the magnification M, / is 
the total intercept length, and n is the 
number of ferrite grains and carbides 
intercepted. The value of m was obtained 
by counting the total number of bound- 
aries intercepted.' 


*To be precise the value of d as reported is 
an average of the ferrite grain size and carbide 
particle size. In order to obtain a value for d 
which would represent the average grain diame- 
ter alone, one would have to count the number 
of ferrite grains only and subtract the length 
intercepted by each carbide particle from the 
total intercept length. The length intercepted by 
each carbide particle is not always easily deter- 
mined because some of the carbides are so small 
that their measurement becomes a problem of 
splitting hairs. The authors did not feel that it 
was necessary to resort to such a laborious 
procedure to obtain values which attempt to 
show nothing more than relative differences in 
grain size. It is a much simpler task to count the 
number of boundaries intercepted, arbitrarily 
counting those carbides having no open centers 
and located in ferrite grain boundaries as ferrite- 


ferrite boundaries. 
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ter quenched. Objective: 


RESULTS AND DISCUSSION 


Tempered Structures: 


The structures of SAE 3140 specimens 
tempered at temperatures within the 
range of 650 to 700 C are shown in Figs. 
1 to 3 inclusive. Comparison of Fig. 1(@) 
(650 C for 5 min) with Fig. 1(6) (700 
for 5 min) shows a subtle change in 
structure. In Fig. 1(@) are areas which 
closely resemble, in shape, the original 
martensite needles. This general appear- 


SAE 3140 Steel. Etchant: Aqueous picric acid, 3 min. Tempered at 675 C, 240 hr, wa- 
APO 108, N.A. 1.6 (X 3500). 


ance is absent in Fig. 1(6). Carbide 
particles in both cases, however, are 
manifest as extremely small, black 
pinpoints. The specimen tempered at 
675 C for 5 min displayed a structure 
intermediate between that of Fig. 1(a) 
and Fig. 1(6), and is not illustrated. 

The structure produced by a 48-hr 
temper at 650 C is quite comparable with 
that resulting from an 8-hr temper at 
700 C, as may be seen in Figs. 2(a) and 
(6). Appreciable growth of carbide 
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particles is evident in each case. Unlike 
the structures resulting from _ short 
tempering times, those illustrated in 
Figs. 2(a) and (6) display pronounced 
ferrite grains. Although some areas 
contain elongated ferrite grains, other 
areas contained ferrite grains which are 
beginning to assume an equiaxed shape. 
The suggested tendency for ferrite grains 
to change from the elongated, primitive 
shape to that of equiaxed outlines with 
increasing tempering time, is confirmed 
in Fig. 3. The latter illustrates the struc- 
ture obtained after holding for 240 hr 
at 675 C. Again, with an increase in 
grain size, there is an accompanying 
increase in carbide size. It should be 
noted that carbides are, in general, 
associated with ferrite grain boundaries 
at each stage of grain growth, and that 
for equivalent ferrite grain sizes obtained 
at two different temperatures (Figs. 2(@) 
and (6)), the carbide particle size appears 


to be the same. Soiclile 
TABLE III.—GRAIN SIZE 
MEASUREMENTS. 
Tempering Tem- 
perature and 650 C, | 675C, | 700C, 
48 hr | 240 hr 8 hr 
Average ferrite 
grain diameter, 
62.5 wines 0.0019 | 0.0023 | 0.0018 
Uncorrected tran- 
sition tempera- 
ture, deg Cent* —35 —14 —40 
* From reference (3). 
7 Measurements of ferrite grain sizes 


together with associated Charpy impact 
transition temperatures are presented in 
Table III. The data indicate clearly that 
an increase in transition temperature 
accompanies an increase in grain size 
and that, within experimental error,® 
material having the same grain size, 


5 The accuracy of the transition temperature 
data was estimated to be +5 C. 


obtained under different tempering 
conditions, will exhibit the same transi- 
tion temperature. No value representing 
change of transition temperature with re- 
spect to change in grain size, using the 
data in Table III, is presented. A mean- 
ingful calculated value would require 
a determination of the average ferrite 
grain diameter exclusive of the carbide 
particle size.‘ 

The important result to be considered 
is that ferrite grain growth does take 
place at temperatures below the lower 
critical temperature in SAE 3140 steel, 
contrary to the report of Jaffe and 
Buffum (3) and consistent with Wood- 
fine’s (1,2) reasoning. The present ex- 
perimental data lend further support 
to the view that the upper nose embrittle- 
ment is nothing more than a manifesta- 
tion of the change in impact properties 
accompanying the normal changes in 
microstructure which occur during the 
fourth stage of tempering. 

Of secondary importance is the fact 
that growth in grains having a diameter 
of the order of magnitude of 2 » can be 
observed without employing electron 
microscopy, as was thought necessary 
by Fisher and Boyce (9)* and by Libsch, 
Powers, and Bhat (20). The accuracy of 
the authors’ grain size measurements is 
believed to be at least as good as those 
made by investigators heretofore em- 
ploying plastic replicas for this purpose. 
Indeed, Hyam and Nutting (4), as a 
result of their own ferrite grain size 
studies, note the limitation of the plastic 
replica technique to reproduce distinct 
grain boundaries. The present authors 
recognize, however, that a higher degree 
of accuracy, potentially, can be obtained 
with electron microscopy than with 
visible light microscopy, providing an 
adequate replica technique is employed. 


6 Transactions, Am. Inst. Mining and Metal- 
lurgical Engrs., Vol. 191, p. 1064; Journal of 
Metals, Nov. 1951. 
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Etching Effects: 

The evidence described above would 
not have been observed had the authors 
adopted a practice very common to 
workers studying the microstructural 
aspects of temper brittleness, namely, the 
light repolishing of the etched metal 
surface. Indeed, many investigators may 
have destroyed significant structural de- 
tails in this manner. 

Etching to detect temper brittleness 
caused by tempering at temperatures 
below 600 C has become almost a stand- 
ard procedure. Picric acid base reagents, 
with and without special additive agents, 
have been used successfully, although 
there has been some divergence of 
opinion concerning the response to 
etching by steels of varying chemical 
composition (1,13,14,16,17). It is gener- 
ally reported that when two specimens 
of a given material, one in the unem- 
brittled condition and one in the em- 
brittled condition, are etched simul- 
taneously for a given time and then 
repolished for about 1 min, the embrittled 
specimen displays outlines which are 
either absent in the unembrittled speci- 
men, or only faintly visible. Further- 
more, the outlines usually observed are 
equivalent to the boundaries of the 
former austenite grains. As a conse- 
quence, experiment and theory have 
been concerned with reactions which 
may occur at or near the prior austenite 
grain boundaries. Evidence that fracture 
tends to follow such boundaries has 
provided further incentive for seeking 
microstructural explanations of temper 
embrittlement in these areas. Ferrite 
grain boundaries, which are nearly 
completely wiped out during the re- 
polishing, have received little considera- 
tion. Because the literature on temper 
brittleness continues to grow (12), the 
present authors believe it timely to 
suggest that greater emphasis on studies 
of ferrite grains and grain boundaries 
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may be fruitful. In support of this 
thought, it is now proposed to review, 
briefly, some etching results observed 
over a period of years. 

Figures 4 and 5 typify an etching 
effect which has been noted for each 
steel listed in Table I; that is, if one 
prolongs the etching time for the un- 
embrittled specimen, it is possible to 
obtain an etched structure which re- 
sembles that of the embrittled counter- 
part (15,19,20). This is true both before 
and after a slight repolish. _, 

Figure 4 illustrates the structure of the 
nickel-chromium steel, in Tables I and 
II, obtained under the conditions de- 
scribed in the captions. It should be 
noted that the structure in Fig. 4(c), 
the unembrittled specimen etched for 


‘10 min, is essentially the same as that 


of Fig. 4(e), the embrittled specimen 
etched for 2 min. 

Figure 5 illustrates the structure of 
the manganese-nickel-chromium-molyb- 
denum steel, in Tables I and II, obtained 
under the conditions described in the 
captions. It should be noted that the 
grain boundary outlines of the unem- 
brittled specimen, Fig. 5(g), when 
etched for 30 min are as strongly de- 
lineated as are those of the embrittled 
specimen, Fig. 5(a), when etched for 
10 min. In fact, after a slight repolish in 
each case, the grain boundary outlines in 
the unembrittled specimen appear to 
be heavier. Compare Fig. 5(6) with Fig. 
5(h). 

Figure 6 illustrates the structure of the 
4.5 nickel steel, in Tables I and II, and 
typifies another etching effect, namely, 
the pronounced outlining of ferrite as 
well as prior austenite grains in the 
embrittled specimen (see Fig. 6(d)). 

This case of heavy attack of ferrite 
grain boundaries in the 4.5 nickel steel 
is not the only instance of its kind. An 
SAE 1020 steel (see Tables I and II), 
treated so as to give a microstructure 
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etched with aqueous picric acid, 34 min. 


consisting of islands of tempered marten- 
site’ among near-equiaxed ferrite grains 
(ASTM No. 7),® showed a higher rate of 
attack in aqueous picric acid at the 
primary ferrite grain boundaries for the 
furnace-cooled material than for the 
material water quenched from the tem- 
per. 

It should be noted from Table II that 
the furnace-cooled material (Rockwell 
hardness B 59) has much better impact 
properties than the water-quenched 
material (Rockwell hardness B 84). At the 
10 ft-lb level, the transition temperatures 
were —48 C and +27 C for the furnace- 


7 The percentage of martensite areas was ap- 
proximately 30. 

8 Methods for Estimating the Average Ferrite 
Grain Size of Low-Carbon Steels (E 89 - 52), 
1958 Book of ASTM Standards, Part 3. 
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(c) Tempered at 675 C for 1 hr, water quenched, embrittled at 500 C for 240 hr, water quenched, 


Fic. 7.—Continued. 


cooled and water quenched material, re- 
spectively. 

The reason for the switch in the 
expected relative positions of the tem- 
peratures is beyond the scope of this 
paper. It is sufficient to note the fact 
that here is a plain carbon steel which, 
when furnace cooled, shows the expected 
higher rate of grain boundary attack 
commonly associated with furnace- 
cooled material and yet it has better 
impact properties than the  water- 
quenched material. These etching results 
are contrary to those reported by Libsch, 
Powers, and Bhat (20) for a picric acid 
base etchant. 

Figure 7 illustrates a number of addi- 
tional etching effects for the same SAE 
3140 steel which was discussed earlier 


- 


relative to ferrite grain growth and which 
was shown structure-wise in Figs. 1 
through 3. Figure 7(a@), unembrittled, 
and etched with aqueous picric acid for 
33 min, displays some heavy boundaries, 
possibly prior austenite boundaries. 
When etching time is increased to 15 
min, however, the structure seen in Fig. 
7(b) is revealed. Here, ferrite boundaries 
are as heavily outlined as the prior 
austenite ones. Figure 7(c) embrittled 
by holding for 240 hr at 500 C, and etched 
for 33 min, also depicts heavy outlines 
of both prior austenite and ferrite 
grains. Like Fig. 6(5), Fig. 7(c) illustrates 
clearly that the outlines of the prior 
austenite grain boundaries now actually 
comprise boundaries of many neighboring 
ferrite grains. Finally, Fig. 7(c), unlike 
Fig. 7(6), manifests strings of discrete 
carbide particles in both ferrite and prior 
austenite grain boundaries. The presence 
of these carbides, of the order of 0.3 u 
in diameter, was confirmed by an elec- 
tron microscope study of direct carbon 
extraction replicas. 

With reference to Figs. 1-3, 6, and 7, 
it should be recorded that, of the picric 
acid base etchants used, only aqueous 
picric acid was found satisfactory for 
studies of etched structures at higher 
magnifications and resolutions. The 
criticalness of etching may explain, in 
part, why published electron micro- 
graphs of temper embrittled steels 
(1,17,18) have not yet resolved the ques- 
tion: Is there a relation between mi- 
crostructure and temper brittleness? 
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SUMMARY 


The following points have been demon- 
strated: 

1. Ferrite grain growth occurs in an 
SAE 3140 steel at tempering tempera- 
tures immediately below the lower 
critical temperature. This evidence indi- 
cates that “upper nose isothermal 
temper embrittlement” should _ be 
thought of as the change in impact 
properties which takes place concomitant 
with microstructural changes during the 
fourth stage of tempering. 

2. The maximum resolution of the 
visible light microscope can be employed 
to detect microstructural features which 
are ordinarily considered beyond the 
capabilities of this instrument. 

3. For temper brittleness studies, 
significant structural details are de- 
stroyed through the practice of lightly 
polishing after etching. 

4. With sufficient etching time in 
etchants having a picric acid base, the 
same degree of etching attack found in 
embrittled specimens can be induced 


‘in unembrittled specimens of a given 


steel. 

5. Upon etching with reagents having 
a picric acid base, ferrite grain bound- 
aries, as well as prior austenite grain 
boundaries of both embrittled and 
unembrittled specimens, are heavily 
delineated. This is not surprising since, 
after tempering, prior austenite grain 
boundaries and ferrite grain boundaries 
are one and the same. 
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Mr. SAMUEL Epstern.\—Do the au- 
thors claim that grain growth is the only 
reason embrittlement occurs in temper- 
embrittled steel? 

Mr. W. P. Crancy (author).—A 
distinction must be made between the 
so-called upper nose embrittlement and 
the lower nose embrittlement. We suggest 
that upper nose embrittlement is due 
entirely to ferrite grain growth and 
consequently is irreversible whereas the 
lower nose embrittlement is due to some 
as yet unknown process which has been 
shown to be a reversible. 

Mr. Epstern.—If the upper nose 
embrittlement is due to grain growth, 
why should it take longer etching to 
bring out the grain boundary in the 
unembrittled state than in the embrittled 
state? 

Mr. CrLancy.—Etching tests relative 
to the degree of etching attack versus 
etching time were made only on those 

! Technical Advisor, Bethlehem Steel Co., 
Bethlehem, Pa. 
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specimens in a series concerned with the 
lower nose embrittling process. No 
etching time tests were made on those 
specimens which had been tempered at 
temperatures immediately below the 
lower critical temperature and which 
showed marked ferrite grain growth. 

Mr. Epste1n.—It would be of interest 
then to determine whether or not upper 
nose embrittlement, ascribed to grain 
growth, can be detected by longer 
etching in the same way as lower nose 
embrittlement. 

Mr. CLancy.—The authors made no 
claim that lower nose embrittlement can 
be detected by longer etching time. 

Mr. Joun M. Hopce.2—I only wish 
to comment that this work has needed 
to be done for a long time, and that it 
has certainly cleared up a very contro- 
versial aspect of the temper brittleness 
question. 


2 Research Consultant, Alloys, Applied Re- 
search Laboratory, United States Steel Corp., 
Monroeville, Pa. 
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5 THE EFFECTS OF STRAIN RATE AND TEMPER ROLLING ON THE 
STRAIN-AGING CHARACTERISTICS OF RIMMED, 
DEEP-DRAWING STEEL* 


By D. H. Fisner,' R. L. Cartson,? Anp W. T. LANKForD® 


ture. 


Euperienentel studies were performed to investigate the effects of strain 
tate and temper-rolling extension on the strain-aging characteristics of rimmed 
deep-drawing steel. The effects after aging times of 29, 150, and 800 hr were 
investigated for two amounts of temper-rolling extension (1.2 per cent and 2.3 
per cent) at strain rates varying from 0.001 per sec to 0.4 per sec. Commercially 
temper-rolled materia] was used, and all tests were performed at room tempera- 


The results of the study are summarized by plots that depict the variation 
of the stress-strain behavior with varying strain rate, amount of temper rolling, 


7 and aging time. The significance of the indices used to describe the results is 


discussed in terms of the history of the specimens and the strain rate. Yield- 
point phenomena, work-hardening characteristics, and the uniform elongation 


are found to be affected by history and strain rate, and emphasis is directed 
toward relating the observed behavior to the mechanics of plastic flow. 


When annealed low-carbon sheet 
is deep drawn, strain lines, known 
“stretcher strains,” sometimes appear 
on the surface. These stretcher strains 
result from nonhomogeneous plastic 
deformation as the steel is stretched. 
In a tension test specimen, this localized 
deformation is correlated with the ap- 
pearance of a double yield point, the 
yield point elongation, and the formation 
of Liiders bands. 
Temper rolling is a common commer- 
cial method of eliminating or reducing 
the severity of yield point phenomena 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Principal Mechanical Engineer, 
Memorial Institute, Columbus, Ohio. 

? Assistant Division Chief, Battelle Memorial 
Institute, Columbus, Ohio. 

3 Chief Research Engineer, Specialty Prod- 
ucts, U. 8. Steel Corp., Monroeville, Pa. 
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in sheet material (1).4 The amount of 
temper-rolling extension impressed is 
small enough (} to 2 per cent) to pro- 
duce no marked decrease in ductility, 
and yet sufficient to be effective. In the 
freshly temper-rolled condition, the steel 
forms smoothly. During storage of some 
steels, however, there will be a gradual 
return of yield point phenomena and 
also an increase in the strength and a 
decrease in ductility. The changes in 
mechanical properties that occur with 
time have been described as strain aging. 
Cottrell (2) and his co-workers have 
made outstanding contributions to our 
understanding of the changes in yield 
point phenomena resulting from strain 
aging. The increase in strength and de- 


*The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


see p. 942. 


crease in ductility that occur with strain 
aging have recently been associated by 
Hundy with a mechanism which he 
called “strain-age hardening” (3). 
The amount of temper rolling neces- 
sary to control stretcher strains in a 
low-carbon steel depends on the amount 
of yield point elongation present in the 
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The experimental studies summarized 
by this paper were designed to investi- 
gate the effects of strain rate and temper 
rolling on the strain-aging characteris- 
tics of a rimmed deep-drawing steel. 
Special emphasis is directed toward 
describing the changes that occur in the 
yield point phenomena, the rate of 
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Fic. 1.—Yield-Point Phenomena for Various Test Conditions. 


annealed condition. Tension tests are 
frequently conducted in the laboratory 
to determine the amount of yield-point 
elongation and also the aging character- 
istics of the material. In many cases, 
however, the rates of straining are not 
representative of the rates encountered 
in the press room. Although a yield 
point elongation may not be observed 
at slow strain rates, it may be quite 
extensive at strain rates equivalent to 
those of the press room. This sensitivity 
of yield point phenomena to strain 
rate has been illustrated by several 
experimental studies (4, 5, 6). 


work hardening, and the uniform elonga- 
tion during aging. 


EXPERIMENTAL PROCEDURE AND 
MATERIAL 


The equipment used to perform the 
tests conducted in this investigation 
has been described previously (7). 
The equipment consists of a hydraulic 
press used in conjunction with a sub- 
press designed to convert the downward 
movement of the ram to a tensile force 
on a sheet specimen. The head rate of 
the press was adjusted to obtain strain 
rates from 0.001 to 0.4 per sec on a 


| 
50000 
7 40000 
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sheet tensile specimen with a uniform 
4-in. gage section. 

A Sanborn recorder was used to re- 
cord the load and the strain during the 
tension tests. The load and strain were 
measured by SR-4 strain gages applied 
to a dynamometer ring and extensom- 
eter loops, respectively. 

The strain rate values were calculated 
from the permanent records of strain 
versus time. The recorded load and 
strain measurements were used in con- 


FisHer, CARLSON AND LANKFORD 


order of five times slower than in the 
plastic region. 

The composition in per cent of the 
rimmed steel used in this investigation 


was: carbon = 0.08, manganese = 0.39, 
phosphorus = 0.014, sulfur = 0.034, 
silicon = 0.006. The grain size was 
ASTM Nos. 7 to 8.° 


All of the test material was obtained 
from 20-gage sheet (nominally 0.038 in. 
thick) sheared from a single coil in which 
the temper-rolling extension was varied 


60000 
1.2 percent Temper Roll 2.3 per cent Temper Roll 
& 50000 
40000 
£30000} 
0.01 
4 
o O04 i! 
20000 
29 150 800 29 150 800 


Fic. 2.—Upper Yield Stress versus Aging Time. 


junction with the following equations 
to obtain true stress - true strain data: 


=In(1+0 


where: 


o = true stress, psi 

6 = true strain, in. per in. 

L = applied load, lb 

Ao = original cross-sectional area, sq 
in., and 

€ = nominal strain, in. per in. 


The strain rates, as calculated from 
the recorder chart, represent the rate of 
deformation throughout the plastic re- 
gion of the curve (after yielding). The 
strain rate in the elastic region (prior to 
yielding) was estimated to be on the 


Aging Time, hr 


by adjusting the mill setting during 
rolling of the coil. An automatically 
indicating temper-mill extensometer was 
used as a guide for making the mill ad- 
justments, but the actual extensions 
were determined from the change in 
distance between scribe marks origi- 
nally 25 in. apart. The temper-rolling 
was carried out at Gary Sheet and Tin 
Mill of U. S. Steel Corp. on a four-high 
temper mill having 22 in. diameter work 
rolls. Temper-rolling extensions of 1.2, 
1.9, and 2.3 per cent were obtained. 
Only the results for the 1.2 and 2.3 per 
cent extensions are presented in this 
paper, since they clearly indicate the 
trends observed. 


5 Methods for Estimating the Average Ferrite 


Grain Size of Low-Carbon Steels (E 89 — 52), 
1955 Book of ASTM Standards, Part 1, p. 1690. 


.. (2) 


D. 


j 


After aging for periods of 29, 150, 
and 800 hr, tension tests were conducted 
at strain rates of 0.001, 0.01, 0.1, and 
0.4 per sec. All experiments were per- 
formed at room temperature. The mini- 
mum aging time (29 hr) represents proc- 
essing, storage, and machining time 
accumulated before testing. During 
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lows. A discussion of the effect of test 
conditions will be presented in four sec- 
tions: initial yielding; work hardening; 
uniform elongation; ultimate strength. 


Initial Vielding: 


The variations in the yielding be- 
havior for several of the testing condi- 
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Fic. 3.—Lower Yield Stress versus Aging Time. 
aes 
6 
percent Temper Roll | 2.3 percent Temper Roll 
4 ____ Strain Rate, per sec 


Yield-Point Elongation, 


e 0.00! 
04 


shipment the sheet material was stored 
at a temperature of about —100 F. 


DISCUSSION OF RESULTS 


The results obtained in this investiga- 
tion are summarized in Figs. 1 to 7. 
The curves presented indicate the varia- 
tion of the mechanical properties with 
strain rate, amount of temper rolling, 
and aging time. Each of the plotted 
points of Figs. 2 to 7 represents data 
from four tests. The variation of indi- 
vidual values from the plotted values 
will be noted in the discussion that fol- 


29 150 800 29 150 800 


Aging Time, hr 
Fic. 4.—Yield-Point Elongation versus Aging Time. ‘ iby 


tions are shown in Fig. 1. Representative - 
curves for extreme aging periods (29 
and 800 hr) and the extreme strain 
rates (0.001 per sec and 0.4 per sec) are 
shown. The curves for intermediate 
conditions lie between the extremes. 
From the curves, the effects of strain 
rate, amount of temper rolling, and 
strain-aging time on the “front” or 
small strain part of the stress-strain 
curve can be noted. 

The curves of Fig. 1 indicate that 
aging and increasing strain rate raise 
the front of the stress-strain curve, and 


~ 
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increase the magnitude of the yield 
point elongation. It would appear that 
straining at a rapid strain rate has an 
effect similar to that produced by aging. 

The effect of temper rolling is also 
illustrated in Fig. 1. Increasing the 


degree of temper rolling from 1.2 per 
cent to 2.3 per cent has raised the 
front of the stress-strain curve. This is 
the effect that would be expected from 
increased cold working. It can also be 


5 percent Strain 
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essentially become “stabilized” after 
about 150 hr. 

Another possible index of aging is the 
yield point elongation. The variation of 
individual values of yield-point elonga- 
tion from the plotted points of Fig. 4 
is +0.25 per cent of strain or less. Since 
the variations observed between strain 
rates (for example, 0.001 to 0.1 per sec) 
were of this order, only the data for 


extreme strain rates are plotted. Values 
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Fic. 5.—Rate of Work Hardening versus Strain Rate. 


noted that the extent of the yield point 
elongation has been reduced. 

The effect of aging time and strain 
rate on the upper and lower yield point 
stresses is shown in Figs. 2 and 3. The 
variation of individual values from the 
plotted points is +1500 psi or less. 
Both the upper and lower yield point 
stresses increase with increasing strain 
rate, and the general level of the curves 
for 2.3 per cent temper rolling is higher 
than that for 1.2 per cent temper 
rolling. Most of the increase observed 
with aging appears to have occurred 
during the first 150 hr. Using these 
values as indices of aging would tend to 
suggest that the aging mechanism had 


for intermediate rates lie between the 
curves shown. 

The curves of Fig. 4 suggest that 
the effect of aging on yield elongation 
continued throughout the period in- 
vestigated. Since the amount of yield 
elongation is more directly related to the 
deep-drawing problem of inhomogene- 
ous straining than are the yield stresses, 
the pattern of aging indicated in Fig. 4 
must be considered as more revealing 
than that indicated by Figs. 2 and 3. 
Where there appears to be no advantage 
gained in increasing the degree of temper 
rolling to 2.3 per cent in Figs. 2 and 3, 
the results of Fig. 4 indicate a distinct 
advantage. For the 2.3 per cent material, 


190000; 
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both the rate and the amount of in- 
crease due to aging are less than for the 
1.2 per cent material. 

On the basis of the data obtained on 
uniform elongation (see Fig. 7), the ad- 
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Fic. 6.—Effect of Strain Rate. 
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yield point elongation had been “elimi- 
nated” for aging times less than about 
29 hr. The curves for a strain rate of 
0.4 per sec, however, suggest that a 
yield elongation would probably be 
observed even at zero time for rapid 
strain rates. 


Work Hardening: 


In the preceding sections, emphasis , 
was directed toward describing the effect 
of strain rate, aging time, and temper- 
rolling extension on the properties asso- 
ciated with initial yielding. The response 
of a material beyond this stage is also 
important, however. The onset of 
instability or necking is, in fact, related 
to the rate at which a material work 
hardens. It can be shown (8) that in- 


a 


a True Strain at Maximum 


vantage of increasing the amount of 
temper rolling from 1.2 to 2.3 per cent 
to improve the yielding behavior is 
questionable. The advantage of a 
smaller yield point elongation after 
aging is offset by the reduced amount 
of retained ductility. In this respect, it is 
interesting to note that the maximum 
amount of temper rolling in commercial 
practice is usually less than 2 per cent. 

The curves of Fig. 4 indicate that the 
magnitude and the rate of change in 
yield point elongation with aging is 
dependent on strain rate. If only slow 
strain rates (of the order of 0.001 per 
sec) were used, it would appear that the 
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Fic. 7.—True Strain at Maximum Load versus Aging Time. 


stability occurs when the rate of work 
hardening equals the stress. In other 
words the stress at maximum load is 
equal to the rate of work hardening, or 


where dmax is the true strain at maximum 
load. 

A computation of the rate of work 
hardening associated with certain 
amounts of strain and various aging 
times and degrees of temper rolling was 
facilitated in this study by the fact that 
the true stress - true strain data could 
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be represented by the empirical rela- 
tion: 

c= 
The rate of work hardening at various 
strains could then be readily computed 


from the relation mre 


The rate of work hardening was com- 
puted by the use of Eq 5 for several of 
the test conditions, and the results are 
presented in Fig. 5. The plotted points 
represent values computed for four tests. 
The variations of the individual values 
from the plotted points were +3000 
psi or less. From the plots the effects 
on the rate of work hardening of strain, 
temper-rolling extension, aging time, 
and strain rate are shown. 

The rate of strain hardening decreases 
with increasing strain. This is a nor- 
mal behavior; it is of interest to note, 
moreover, that the forms and relative 
positions of the curves are essentially 
unchanged by increasing strain. The ap- 
parent reason for the observed form of 
the curves will be discussed later. 

Increasing the degree of temper roll- 
ing from 1.2 to 2.3 per cent resulted, 
for the given amounts of strain, in de- 
creases in the rates of work hardening. 
This suggests that though the work 
hardening ‘produced by temper rolling 
is not uniform through the thickness of 
the specimen, the effect on the rate of 
work hardening is similar to what would 
be expected for uniform prestraining. 

The effect of increasing aging time 
observed for the material temper 
rolled 1.2 per cent was to decrease the 
rate of work hardening. This trend may 
be associated with the fact that although 
the stress at maximum load increased 
only slightly with increasing aging time, 
the rise in the front of the stress-strain 
curve (the lower yield point) due to 
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strain aging was quite significant. This 
could produce a general decrease in the 
rate of work hardening as the curve from 
the lower yield point to the maximum 
load rotates clockwise with increasing 
aging time. 

The trend noted above was not ob- 
served for all test conditions. For speci- 
mens temper rolled 2.3 per cent, there 
is a tendency for a reversal of the order- 
ing with respect to aging time. This 
reversal appears to be inconsistent with 
the other results. It may, however, be 
associated with the strain-age hardening 
mechanism suggested by Hundy (3) to 
explain decreased ductilities and in- 
creases in strength after long aging times 
in temper-rolled low-carbon steel. The 
suggested mechanism postulates that a 
general hardening arises from precipita- 
tion effects, possibly associated with the 
precipitation of very small nitride par- 
ticles. Such particles would impede 
dislocation movement after the initial 
yielding process and thereby result in 
an increase in tensile strength and a 
decrease in ductility. 

In terms of temper-rolling extension, 
Hundy concluded that effects of strain 
aging for small amounts of temper rolling 
are manifested primarily as changes in 
yield stress and yield point elongation. 
The effects depend primarily on the 
anchoring of dislocations by interstitial 
solute atoms as suggested by Cottrell. 
For larger degrees of temper rolling or 
for longer aging times, on the other 
hand, tensile strength and ductility 
are markedly affected—the strength 
increasing and the ductility decreasing. 
The latter effects are attributed to the 
strain-age hardening mechanism. If 
this explanation is correct, the changes 
in stress-strain behavior that occur with 
strain aging, then, are the result of two 
phenomena: dislocation anchoring by 
interstitial atoms, which affects the 
front of the stress-strain curve, and 
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strain-age hardening which affects the 
back of the stress-strain curve. 

Returning now to the curves of Fig. 5, 
the tendency for an increase in the rate 
of work hardening with aging time may 
be explainable in terms of strain-age 
hardening. This hypothesis appears to 
be supported by Hundy’s observation 
that the strain-age hardening effect 
increases with increasing temper-rolling 
extension and increasing aging time. 
The reversal in the change in the rate of 
work hardening in increasing the temper- 
rolling extension from 1.2 to 2.3 per 
cent may represent a transition in which 
the influence of dislocation anchoring 
by solute atoms is replaced in impor- 
tance by strain-age hardening. 

The general and consistent effect of 
strain rate is to first increase and then 
decrease the rate of work hardening 
with increasing strain rate. These varia- 
tions appear to be related, in turn, to 
the observed effect of strain rate on the 
yield elongation, the lower yield point, 
and the stress and strain at maximum 
load. This follows from the fact that the 
slope of the stress-strain curve in the 
region of interest is strongly influenced 
by these four values. This is illustrated 
in Fig. 6. The curve AB represents the 
back part of the stress-strain curve for 
the slowest strain rate (0.001 per sec). 
As the strain rate increases, the changes 
indicated in Fig. 6 and in the tabulation 
below are observed: 
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it! ate o 
Factor Increasing Work 


Strain Rate! Hardening 


No. 1 Lower Yield 

Increase | Decrease 
No. 2 Yield Elonga- 

ey Increase | Increase 
No. 3 Stress at Max- . 

imum Load. .| Increase | Increase 
No. 4 Strain at Max- 

imum Load. .| Decrease | Increase 
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This tabulation suggests that, of the 
four factors cited, only the change in 
the lower yield stress would tend to 
contribute a decrease in the rate of 
work hardening with increasing strain 
rate. If this reasoning is correct in es- 
sence, the curves of Fig. 5 indicate that 
factors 2, 3, and 4 are predominant for 
rates between 0.001 and 0.01 per sec. 
At about 0.01 per sec, factor 1 is becom- 
ing important. Beyond about 0.1 per 
sec, it would appear the factor 1 has 
become, relatively, most important. 

The tendency for the rate of work 
hardening to decrease at the faster strain 
rates is of interest in terms of instability 
or necking. Prior to necking, the in- 


equality a > o holds. As the strain 


rate increases beyond 0.1 per sec, the 
stress at a strain of say, 5 per cent, 
would increase and the rate of work 
hardening would decrease. This indi- 
cates that the inequality tends to be- 
come an equality, or that the instability 
condition can be expected to be satisfied 
by a sufficient increase in strain rate. 
This effect should manifest itself as a 
decrease in the strain at maximum load 
(uniform elongation) with increasing 
strain rate. This was observed in the 
tests conducted. These results will be 
discussed in the next section. 


Uniform Elongation: 


A summary of the data on uniform 
elongation or the true strain at maxi- 
mum load is presented in Fig. 7. Each 
of the plotted points represents data from 
four tests. The variation of the actual 
test data from the plotted points was of 
the order of +1 per cent of strain. Since 
this was of the order of the change ob- 
served in going from one strain rate to 
the next (0.001 to 0.01 per sec, for ex- 
ample), only the values for the fastest 
and the slowest rates have been plotted 
to cae the trends. The data for the 
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intermediate rates conformed to the 
pattern shown and ranged in values 
between the extremes indicated by the 
plots. 

Figure 7 indicates that dmax decreased 
with increasing strain rate. In the pre- 
vious section on work hardening, it was 
suggested that this decrease should 
follow from the fact that as the strain 
rate increases, particularly beyond 0.1 
per sec, the stress at a given strain in- 
creases and the rate of work hardening 
decreases. 

The curves of Fig. 5 suggest that the 
rate of work hardening would continue 
to decrease significantly at strain rates 
greater than 0.4 per sec. For the 2.3 
per cent material at a strain of 10 per 
cent, an extrapolation of the rate of 
work hardening curves to strain rates 
of about 10 per sec suggests that values 
of about 60,000 to 70,000 psi might be 
anticipated. Since the stresses, which 
are of the order of 55,000 psi at 10 per 
cent strain for a strain rate of 0.4 per 
sec, would be expected to be significantly 
larger for a strain rate of 10 per sec, it 
can be seen that dmax would probably be 
less or only slightly larger than 10 per 
cent. This follows from the requirement 


da 


that ds > o for stable, uniform elonga- 


tion. 

The correlation between the strain 
at maximum load and the value of n 
of Eq 4 was fair. For the material tem- 
per rolled 1.2 per cent, the values of 
dmax ranged from about 1 to 2 per cent 
of strain lower than the m values. For 
the 2.3 per cent material the values of 
5max Were both higher and lower than the 
n values. The general difference was 
observed to be of the order of 1 per cent 
of strain. 

The equality of m and dmax depends on 
both the accuracy of the selection of the 
point at which slope of the load curve 
becomes and the validity in 
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this region of Eq 4. Since both of these 
determinations are subject to error, 
it does not appear to be possible to de- 
termine with finality which of the values, 
dmax OF m, represents the uniform elonga- 
tion more accurately. 

Increasing the degree of temper rolling 
extension from 1.2 to 2.3 per cent re- 
sulted in a significant decrease in the 
strain at maximum load. Although a 
part of this decrease could be attributed 
to the decrease in available ductility 
accompanying increased amounts of 
cold work, the decrease observed is in 
excess of what would be expected. This 
suggests that the loss in ductility accom- 
panying aging has been increased by 
the additional amount of temper rolling 
extension. This is in accord with Hundy’s 
observations which were discussed above. 


Ultimate Strength: 


The ultimate strength or the stress 
at maximum load was found to be sensi- 
tive to the rate of straining. An increase 
of about 8 per cent was observed for 
increases in strain rate of from 0.001 
to 0.4 per sec. This amount of increase 
occurred for all aging times and both 
degrees of temper rolling. Over the same 
range of strain rates, Manjoine (5) ob- 
served an increase of about 6 per cent 
for a low-carbon steel. It should be 
noted, however, that for rates above 
about 1 per sec, increases in the ultimate 
strength with increases in strain rate 
were observed by Manjoine to be much 
more marked. 

No significant or consistent difference 
in the ultimate strength was observed 
for the two amounts of temper-rolling 
extension or for increased aging times. 
Work by Hundy (3) indicates that for 
temper-rolling extensions of less than 
about 2 per cent, the increase in the 
ultimate strength is hardly significant 
after an aging time of about 2000 hr. 
(The maximum aging time in this study 
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was 800 hr.) For a temper-rolling exten- 
sion of 2 per cent, the increase was ob- 
served by Hundy to be about 500 psi 
or about 1 per cent. The data of Hundy, 
then, support the observed insensitivity 
of the ultimate strength to temper- 
rolling extensions and aging times of the 
range investigated in the present study. 
For longer aging times, and particularly 
for greater degrees of temper-rolling 
extension, however, Hundy’s studies 
indicate that significant increases could 
be expected. 


SUMMARY 


The findings discussed in this paper 
can be summarized as follows: 

1. The changes that occur with 
strain aging in the yield point stress and 
the yield point elongation are dependent 
on the strain rate and the degree of 
temper-rolling extension. 

2. The data for the slowest strain 
rate could be used as evidence that yield 
point phenomena were “eliminated” 
during a short period immediately after 
temper rolling. Data for the faster rates, 
however, suggest that yield point phe- 
nomena could have been observed imme- 
diately after temper rolling for suffi- 
ciently rapid strain rates. 

3. Increasing the degree of temper- 
rolling extension from 1.2 per cent to 
2.3 per cent resulted in a slower return 
of yield-point phenomena with aging. 
This advantage was offset, however, 
by a significant decrease in ductility. 

4. The change in the rate of work 
hardening appears to be influenced by 
two strain-aging phenomena. The first, 
associated with anchoring of dislocations 
by interstitial solute atoms, appears to 
raise the front of the stress-strain curve 
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and result in a decrease in the rate of 
work hardening. The second, referred 
to as strain age hardening, may be 
responsible for a second, opposing 
effect, which causes an increase in the 
rate of work hardening with aging. 
The first effect appears to be dominant 
for the smaller degree of temper rolling. 
The second effect seems to be becom- 
ing dominant for the greater degree of 
temper roll. 

5. The rate of work hardening passes 
through a maximum and finally decreases 
with increasing strain rate. The latter 
tendency coupled with the trend for the 
stress-strain curve to rise with increasing 
strain rate can be expected to result in 
decreased total elongation. This follows 
from the fact that for uniform stable 
flow, the true stress must be less than 
the rate of work hardening. The data 
on uniform elongation tend to support 
this conclusion. 

6. The uniform elongation decreased 
with increasing aging time and with the 
increased degree of temper-rolling ex- 
tension. 

7. The ultimate strength increased 
slightly with increasing strain rate. 
For the range of aging times and tem- 
per-rolling extensions investigated, how- 
ever, the ultimate strength showed no 
significant change for a given strain 
rate. 
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TOUGHENING HIGH-STRENGTH STEEL 


By E. 


J. 


The poor toughness associated with SAE 1340 steel at high strength levels 
can be greatly improved (two- to sevenfold) by warm working. This is accom- 
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SYNOPSIS 


BY WARM WORKING* 


panied by an appreciable increase in yield strength, a slight increase in tensile 
strength and ductility, as well as by a mild loss in hardness. A somewhat smaller 
toughness improvement, accompanied by a smaller hardness loss, is found in 


warm-worked SAE 4340 steel. 


A series of recent publications (1-7)? 
has shown that high-strength steels as 
well as many other toughness-deficient 
metals (annealed steels (1), pure zinc 
(3), titanium alloys (7)) are suffering 
from a strain correctible type of brittle- 
ness (rheotropic brittleness). Brittleness 
in these metals was found to be partially 
eliminated by cold working the material; 
and the brittleness was most completely 
eliminated if the cold working or pre- 
straining operation (usually stretching) 
was followed by an overaging treatment. 
Since some ductility is sacrificed in per- 
forming the prestraining operation, the 
corrective treatment itself exhausts some 
ductility. This loss was found to be 
minimized if the mean stress during 
prestraining had the largest possible 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

‘Formerly with Department of Metallur- 
gical Engineering, Case Institute of Technology, 
Cleveland, Ohio, presently with Continental 
Can Co., Central Research and Engineering 
Div., Chicago, Ill. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 952. 


negative value. This suggests that ele- 
vated temperature deformation (simul- 
taneous straining and aging) by a com- 
pressive type of deformation, such as 
extrusion, should produce the toughest 
possible product. Further, elevated 
temperature working has the added 
advantage of softening the metal so that 
the deformation is more easily performed. 

The study described herein was under- 
taken in order to determine the proper- 
ties (especially tensile ductility and im- 
pact toughness) of warm-worked high- 
strength steels. The largest portion of 
the work was conducted on SAE 1340 
steel since its toughness is known to be 
especially sensitive to strength level. 
The results obtained on this material 
were compared with those obtained on 
SAE 4340 steel which is generally con- 
sidered as one of the most satisfactory 
steels at high hardness levels. 


MATERIAL AND PROCEDURE 


The SAE 1340 and 4340 steels used 
in this investigation were obtained as 
3-in. and 11-in. diameter rods, 


respec- 
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tively, in the hot-rolled condition. Test 
specimens were prepared from the rods 
in the following manner: 

1. Normalize at 1675 F for } hr and 
air cool. 

2. Stress relieve at 1200 F for 4 hr 
followed by a furnace cool. 

3. Rough machine to one of the shapes 
shown in Fig. 1. (The SAE 4340 rods 
were sawed into quarter-sections for the 
preparation of specimen types 1(a) 


and 1(c).) 


0.394t0003 
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Fic. 1.—Types of Specimens. 
(a) Unnotched, buttonhead 2 in. radius. 
_ (b) Extrusion bar. 
(c) Charpy Impact V-notch. 


4. Austenitize the SAE 1340 steel at 
1525 F for 45 min, water quench. Aus- 
tenitize the SAE 4340 steel at 1550 F 
for 45 min, oil quench. 

5. Temper for 1 hr at 700 F and air 
cool. 

6. Finish machine to the specimen 
shapes shown in Fig. 1. 

The tempering temperature of 700 F 
was selected as optimum for the investi- 
gation since it was low enough to de- 
velop a rather high hardness in the steel 
(Rockwell hardness C 46.6; 237,000 


psi tensile strength for SAE 1340), and, 
on heating for warm working, the steel 
softened sufficiently so that it could be 
readily worked at this temperature. 
Furthermore, strain aging at 700F 
previously had been shown to overage 
the steel. This maximum aging tempera- 
ture, consequently, would allow studies 
of both under- and overaged metal. The 
room temperature tensile ductility at 
this tempering temperature was also 
quite high (see Fig. 4). 

The mildly contoured specimen, Fig. 
1(a), was used to determine the un- 
notched tensile properties of the steel. 
Previous investigations have shown that 
the mechanical properties obtained on 
these contoured specimens were within 
a few per cent of those obtained on cylin- 
drical bars (8). 

All tension tests and _prestretching 
operations were conducted with the aid 
of a specially designed fixture which 
yielded an eccentricity of less than 0.001 
in. This equipment and the testing pro- 
cedure have been previously described 
(9). Speed of tension testing was made to 
correspond to a rate of travel of the 
testing machine head of approximately 
0.05 in. per min. Both prestrain and final 
ductility measurements were made by 
determining the specimen diameters on 
a microcomparator before and after 
each straining operation. 

A 33 + 4-hr interval was used be- 
tween prestretching at room temperature 
and final testing. Specimens prestrained 
above room temperature were held in 
the aging furnace for 1 hr followed by an 
air cool. During the other 2 hr, the speci- 
mens were measured and held at room 
temperature. 

Cylindrical bars of the type shown in 
Fig. 1(6) were machined from the SAE 
1340 and 4340 steels. These rods were 
prestrained (e, = 0.41) by extruding 
through a 0.610-in. diameter, 7-deg 
half-angle die at 500 and 700 F. 

The extruded specimen blanks were 
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Fic. 2.—True Stress-Strain Curve for SAE 1340 Steel Water-Quenched and Tempered at 700 F 
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Fic. 3.—True Stress-Strain Curve for SAE 4340 Steel Oil-Quenched and Tempered at 700 F. 
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Fic. 4.—Tensile Properties as a Function of Testing Temperature for SAE 1340 Steel Water- 


Quenched and Tempered at 700 F 


aged for approximately 28 hr at room 
temperature between prestraining and 
testing. 


RESULTS AND DISCUSSION 


The true stress - natural strain curves 
for SAE 1340 and 4340 steels, quenched 


and tempered at 700 F, are shown in 
Figs. 2 and 3. 

The manner in which the unnotched 
tensile strength and ductility of the two 
steels varied with testing temperature 
is shown in Figs. 4 and 5. Because the 
SAE 4340 steel used in this study did 
not exhibit an unnotched transition 
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above the temperature of boiling nitro- 
gen until the tempering temperature was 
decreased to 300 F, unnotched tests on 
this material were discontinued.* 
Specimens of SAE 1340 prestretched 
at room temperature, 500 F, and 700 F 
were tested in tension at two sub-transi- 
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constant magnitude of prestrain, the 
low-temperature strength went through a 
maximum on 500 F prestraining. Over- 
aging, by stretching at 700 F, decreased 
the strength and increased the ductility 
500 F 


over the values obtained on 


prestraining. 
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Fic. 5. 
Quenched and Tempered at 700 F. 


tion temperatures: — 260 F, Figs. 6 and 
7; and —321 F, Figs. 8 and 9. The low 
temperature tensile properties after 
warm stretching were similar to those 
previously obtained on test specimens 
of the same material that were pre- 
stretched at room temperature and sub- 
sequently aged (6). That is, at any 

3The maximum temperature at which the 


metal can be warm-worked is the temperature 
at which it was tempered. The temperature 


range between ambient and 300 F was thought 


to be too narrow to be of interest. 


Temperature, deg Fohr 
-Tensile Properties as a Function of Testing 


-100 100 200 


Temperature for SAE 4340 Steel Oil- 


Since prestrains of ¢, = 0.40 were 
always sufficiently large to effect a 
complete rheotropic recovery (that is, 
as represented by the linear portion of 
the ductility-prestrain curve in Figs. 
6 and 8) this magnitude of prestrain was 
selected for the extrusion portion of this 
study. 

The stress-strain curve for 
material extruded at 700 F is shown in 
Fig. 10. A comparison of the room tem- 
perature tensile properties before and 
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after extrusion (see Figs. 2 and 10) shows 
that the extrusion operation raised the 
yield strength appreciably (from 216,000 
to 234,000 psi), while the tensile strength 
and ductility were increased slightly 
(from 237,000 to 238,000 psi for the 
former and from 47.5 to 49.5 per cent 
reduction of area for the latter). In addi- 
tion, the strain hardening exponent of 
the extruded material was lowered so 


lowered the transition temperature to 
slightly below ambient. The higher 
temperature extrusion also produced a 
very high level of toughness at both 
sub- and super-transition temperatures, 
while extruding at 500F did not de- 
velop an especially high toughness at 
super-transition temperatures. With the 
as-heat treated condition as a_ basis, 
extruding at 700F caused a hardness 
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Fic. 10.—True Stress-Strain Curve for SAE 1340 Steel (Water-Quenched and Tempered at 700 F) 
After Prestraining by Extruding (2, = 0.41) at 700F. 


that the fracture stress was decreased 
(from 392,000 to 340,000 psi).. 
Transition curves obtained’ with 
Charpy V-notch specimens of SAE 
1340 steel extruded at 500 and 700 F 
are shown in Fig. 11. Data obtained on 
material in the “‘as-heat treated” condi- 
tion are also included for comparison. 
Rockwell hardness, C-Scale, tests were 
made on all test bars; these values are 
shown in parentheses beside each data 
point. Extruding at either 500 or 700 F 


drop of approximately two points Rock- 
well hardness, C Scale, while extruding 
at 500 F increased the hardness by about 
two points. The lower temperature ex- 
trusion, in addition to increasing the 
hardness a few points, elevated the room 
temperature toughness (energy absorbed, 
ft-lb) about threefold. The higher 
temperature extrusion, while necessitat- 
ing a mild sacrifice in hardness, yielded 
a sevenfold increase in the toughness 
value at room temperature. 
Unfortunately, toughness data as a 
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ry 
= 
{ 


function of tempering temperature were 
not available on this heat of SAE 1340 
steel so that the loss in hardness resulting 
from elevated temperature extrusion 
(from Rockwell hardness C 46.6 to 
C 44.4) could not be directly evaluated 
in terms of expected toughness improve- 
ment. Baeyertz, Craig, and Sheehan 
(10), however, have presented Charpy 
impact versus testing temperature curves 
for a commercial SAE 1340 steel, 
quenched and tempered over a range of 
temperatures (Fig. 12). Their heat of 
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Fic. 11.—A Comparison of Toughness and 
Hardness of Warm-Extruded and Unworked 
SAE 1340 Steel (Water-Quenched and Tempered 
at 700 F), Rockwell Hardness C Values in Pa- 
rentheses. 


Charpy V-Notch impact, ft-!b 


steel softened with tempering tempera- 
ture at a faster rate than the steel of the 
same nominal composition used herein 
in that a Rockwell hardness of C 45 
was developed on tempering at 700 F as 
compared with 46.6 obtained with the 
present heat. Furthermore, their steel 
was a “higher quality” heat since temper- 
ing to a Rockwell hardness of C 49 
yielded a higher toughness over the com- 
plete range of testing temperatures than 
the present steel developed when tem- 
pered to a Rockwell hardness of C 46.6. 
Nevertheless, the toughness of the 
extruded metal with a hardness of just 
less than Rockwell hardness C 45 was 
considerably improved over that ob- 
tained on the “higher quality” heat of 


steel when tempered to a Rockwell 
hardness of C 45. The transition tem- 
perature of the extruded metal (as 
measured by the position of the knee of 
the curve) was almost identical with 
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tained in This Study with That Previously Pre- 
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1340 Steel (10). 
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Fic. 13.—A Comparison of Toughness and 
Hardness of Warm-Extruded and Unworked 
SAE 4340 Steel (Oil-Quenched and Tempered 
at 700 F), Rockwell Hardness C Values in Pa- 
rentheses. 


that obtained by Baeyertz, Craig, and 
Sheehan (10) after tempering at 800 F. 
In order to compare the effects of 
warm-worked SAE 1340, a steel nor- 
mally considered poor at high-strength 
levels, with a steel which is more insen- 
sitive to strength levels, SAE 4340, 
Charpy impact tests were made on the 
latter steel in both the “‘as-heat treated” 
(tempered at 700 F) condition and in 
the heat-treated and extruded (at 700 F) 
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condition (Fig. 13). Unlike the SAE 1340 
steel, the SAE 4340 steel did not appear 
to have its transition temperature 
lowered (again as indicated by the posi- 
tion of the knee of the curve) by warm 
deformation. The toughness level at all 
testing temperatures was elevated, how- 
ever, to a value about twice that of the 
unworked metal while the hardness 
decreased about one point. 


CONCLUSIONS 


1. Warm-worked steels exhibited a 
rheotropic recovery at sub-zero testing 
temperatures much like that previously 
found in steels which were deformed at 
room temperature and subsequently 
aged. 

2. An enormous toughness improve- 
ment accompanied by an appreciable 
increase in yield strength, a slight in- 
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crease in tensile strength and ductility 
as well as a mild loss in hardness was 
developed in SAE 1340 steel by warm 
extruding after heat treating. 

3. A much lower toughness improve- 
ment was obtained with warm-worked 
SAE 4340 than with SAE 1340 steel. 
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Mr. Stuart V. ARNOLD: —I should like 
to inquire what the temperature of the 
extruded material was as it left the die, 
assuming that an increase was realized 
from the energy expended in deforma- 
tion. 

Mr. Eric Kuta.*—In line with the 
previous question, did the extra heating 
for the extrusion process influence the 
results? In other words, how much of 
the change in properties could be at- 
tributed to changes in structure brought 
about by working and how much to 
additional tempering during the time 
the material was held at the extrusion 
temperature? 

CHAIRMAN W. LANKFoRD.*—I 
would like to ask the author two ques- 
tions: 

Were any significant differences noted 
in the composition of the steel used and 
that reported on by Baeyertz and co- 
workers (see reference (10) of the paper)? 

Also, I wonder whether the author 
would care to comment any further on 
the mechanism by which the ductility 
and toughness were improved by this 
warm working treatment. By that, I 
mean any comments you might care to 
make about the basic metallurgical 
processes that are taking place. 

Mr. C. Mytonas.*—Has the author 
any di data on prestraining in a different 

‘Staff Advisor, Watertown Arsenal, Hing- 
ham, Mass. 

2 Watertown Arsenal Laboratories, Water- 
town, Mass. . 

“Chief Research Engineer, Specialty Prod- 
ucts, United States Steel Corp., Pittsburgh, Pa. 

4 Associate Professor of Engineering, Brown 
Providence, R. I. 
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direction from that a the final testing? 
Are the results different if the prestrain- 
ing is done at right angles to the direc- 
tion of final testing? 

In mild steels it appears that pre- 
straining raises the transition tempera- 
ture. In all of the author’s tests it was 
found that it lowers it and also increases 
the impact energy appreciably. Is that 
only due to the temperature of prestrain- 
ing, since the results I refer to were all 
reached with mild steel prestrained at 
room temperature? Do you then think 
that the high temperature prestraining 
helps to actually lower the transition 
temperature, and to reverse the effect 
completely from what was observed in 
mild steels prestrained at room tempera- 
ture? 

Mr. E. J. (author) —The in- 
terest shown by the discussers in this 
paper is gratifying. 

Messrs. Arnold and Kula are both con- 
cerned with property changes that might 
have resulted either from holding the 
specimens at the extrusion (or temper- 
ing) temperature for some additional 
time or from a temperature increase that 
“was realized from the energy expended 
in deformation.” So far as the effect of 
additional time at the tempering 
temperature is concerned, the author had 
shown in an earlier report® that re- 
tempering 1340 for one hour did not 
measurably change the properties ob- 

5D. H. Fisher, R. L. Carlson, and W. T 
Lankford, “The Effects of Strain Rate and 
Temper Rolling on the Strain-Aging Charac- 


teristics of Rimmed Deep-Drawing Steel,’’ p. 
932, of this publication. 
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tained by an initial one hour temper. In 
reply to the question of temperature in- 
crease produced by the deformation, it is 
felt that this also is negligible since the 
extrusion was conducted in a tensile 
machine at a strain rate of the same order 
as that used for tensile testing. 

Mr. Mylonas’ question on the behavior 
of specimens which were prestrzined in 
one direction and tested in a second di- 
rection can be answered by considering 
reference (4) of the paper in which speci- 
mens were prestrained in compression and 
tested in tension. This complete reversal 
of the straining direction produced re- 
sults similar to those described in this 
paper. 

The second question raised by Mr. 
Mylonas concerns the effect of prestrain- 
ing on the transition temperature of mild 
steel. The apparent contradiction that 
this discusser points out in the results 
presented in this paper, that is, a lower- 
ing of the transition temperature by 
working as compared with the results 
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secured by other investigators who 
found embrittlement to be promoted by 
cold working, is primarily a matter of 
the magnitude of the prestrain. Notice 
in Figs. 6 and 8 that ductility is recov- 
ered only after the prestraining has ex- 
ceeded some critical magnitude. 

Although the amount of prestrain that 
is the critical amount may be a function 
of prestraining temperature, the low- 
temperature ductility after prestraining 
at any temperature can be decreased or 
increased depending on the prestrain 
magnitude. 

In reply to Mr. Lankford’s question 
on a comparison of this steel composition 
with that used by Baeyertz and co- 
workers, these data are not available. 

So far as a mechanism to explain 
rheotropic brittleness, the author, at 
present, can suggest nothing other than 
to state that it is obviously some type 
of strain aging phenomenon. Attempts 
have been made by others to rationalize 
the behavior on a dislocation model basis. 
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size. The precautions taken to avoid unwanted variables and the actual con- 
duct of the experiment are described in detail. 

An analysis of variance is made for the observed experimental results, with 
the conclusion that size is the only significant effect present. Further study 


iz EFFECT OF SIZE ON THE YIELDING OF MILD STEEL BEAMS* 7 


By CEepric W. RicHarps! 


The upper yield point in mild steel is subject not only to wide variations of 
a random nature but also to systematic variations depending on specimen size. 
This dependence on size has been shown to exist in a previous paper dealing 
with the case of simple tension (1).? In the present investigation the theory is 
extended to the case of pure bending and supported by experimental evidence. 
A statistically designed and carefully controlled experiment is carried out, 


La Jj 


reveals a substantially linear relationship between the logarithms of size and 


yield strength. This is in agreement with the statistical theory and provides hs 


further support for the brittle fracture analogy for the yielding of mild steel. “ 


% which provides tests for the significance of a number of variables including 


~The sudden breakdown of elastic 
strength occurring in mild steel when it 
reaches its upper yield point bears a 
striking resemblance to the fracture of 
a brittle material (1). Like the breaking 
strength of a brittle material, the upper 
yield point varies widely from specimen 
to specimen—much more so than does 
the yield strength of other ductile 
metals. Like the strength of a brittle 
material, part of the wide variation in 
the upper yield point is due to its sensi- 
tivity to differences in test conditions 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Assistant Professor, Civil Engineering, 
Stanford University, School of Engineering, 
Stanford, Calif. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 966. 


such as eccentricity of loading, uni- 
formity of material, and transient effects. 
Of greater interest, however, is an in- 
herent variation that is a characteristic 
of the material. This inherent variation 
is the result of imperfections randomly 
distributed throughout the material, 
influencing its strength in the same way 
that the strength of a brittle material is 
influenced. The effects of such a random 
distribution are threefold: (a) a statistical 
variation of strength; (6) a strength in 
bending somewhat higher than that in 
tension; and (c) a marked size effect. 
These effects, being inherent in the 
makeup of the material involved, are 
present even if testing conditions are 
under complete control. On the other 
hand, they may be masked by variations 
caused by uncontrolled conditions. 


| 


956 f RICHARDS ON YIELDING OF MILD STEEL BEAMS ~ q 


The confused situation that has existed 
in the investigations of the “raised yield 
point in bending” over the past twenty- 
five years appears to be a result of failure 
to recognize the causes of variability 
just described. There has, in particular, 
been an almost complete disregard for 
the effects of specimen sizes on results. 
Specimens varying in dimensions by 
factors as great as 15 to 1 have been 
used by different investigators. Such size 
variations alone could account for all 
of the changes attributed to the “raised 
yield point in bending.” 

The purpose of the experimental part 
of this’ investigation is to study the vari- 
ation of the bending yield stress with 
size, all other factors being placed under 
careful experimental and statistical con- 
trols. From such an investigation, a 
clear picture can be obtained and a com- 
parison made with the statistical theory. 

The results obtained indicate a sig- 
nificant effect of specimen size approxi- 
mately in accordance with the theory, 
The absence of other significant factors 
in the statistical analysis indicates that 
the experimental controls were adequate. 


STATISTICAL THEORY OF YIELDING 


The mechanical behavior of mild steel 
may be represented by the following 
model: A material that is made up of two 
components, (a) a strong, brittle com- 
ponent, and (0) a soft, easily deformable 
component. The latter is supported in 
some way by the former, making possible 
elastic behavior at high stresses. At a 
certain stress, the brittle component 
fractures and the entire stress is thrown 
onto the soft component, the material 
thereafter behaving in a ductile manner. 
The stress at which the brittle component 
fractures is the upper yield point. Con- 
sequently the beginning of yielding at 
the upper yield point may be expected 
to follow the same fundamental laws as 
the fracture of brittle materials. This 


is the basis for the analogy between the 
beginning of yielding in mild steel and 
brittle fracture. 

The theory of the strength of brittle 
materials has been developed by Weibull 
(2) and extended to cover several states 
of stress, including tension and bending. 
His theory for simple tension has been 
adapted directly to the beginning of 
yielding in tension (3). In the case of 
bending there is an important difference 
between brittle fracture and the begin- 
ning of yielding. Because of the marked 
weakness of brittle materials in tension, 
as contrasted with their strength in com- 
pression, failure in bending always occurs 
on the tension side of the beam. Only 
half of the beam is therefore considered 
in the derivation of the theory for brittle 
fracture. Yielding, on the other hand, 
can begin with equal ease in compression 
or tension. It follows that the derivation 
of the theory for the beginning of yield- 
ing must include the entire volume of 
the beam. Pure bending is chosen for 
this derivation, since it represents a 
simple one-dimensional stress distribu- 
tion and has been used by most other 
investigators. 

In pure bending, all fibers at equal 
distances from the neutral surface are 
subject to the same strain. It is assumed 
that yielding occurs in tension and com- 
pression under identical conditions. !t is 
further assumed that a volume element 
extending the length and width of the 
beam and having an infinitesimal thick- 
ness will be governed by the same rules 
as an element of a specimen in simple 
tension or compression. The probability 
P(c) that yielding will begin at or below 
a stress o in such an element is given by 
Eq 1 (2, 3): 


d{log (1 — P)] = —n(c) dv...... (1) 


Here n(c) is a material function repre- 
senting the statistical distribution of 
strengths from element to element in 
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the material. The expression n(¢) may 
also be thought of in terms of the num- 
ber of flaws having a critical stress o per 
unit of volume of the material. Taking 
n(c) to be of the form ko™ and noting 


that dv = bldy, and ¢ = a (where 


o, is the extreme fiber stress and the 
depth of the beam is 2/4), Eq 1 becomes 


d (log (1 — P)] = —bdlk (« dy 


Integrating this expression over the 
entire depth of the beam we find the 
probability of yielding for any given 
beam 

=1— 


From this probability distribution func- 
tion the mean value of o; for yielding of 
a given steel may be computed, 


a= o, dP = 


In(m + 1 


~ | 
tim 


in which & and m are material constants, 


v = volume in pure bending, 
extreme fiber stress. 

Equation 2 has two important implica- 
tions. First, the yield stress in bending 
varies with the specimen size in exactly 
the same way as does the tensile yield 
stress (1). Second, comparing with the 
corresponding expression for the mean 
tensile yield stress 


and o; = 


it may be seen that for specimens of 
equal volumes 


= (m +- 
This shows the effect of the nonuniform 
stress distribution and may partially 
explain the “raised yield point in bend- 
ing.” 


Equation 2 may be written => 


where A and m are material constants. 
Taking the logarithms of both sides 


log o1 = a — — logv........ (3) 
i 


where S = log oi, @ is a material con- 


stant and V = -+ log v. Equations 3 


and 3(a) will be used to represent the 
theory of yielding since they are linear 
in the logarithms of the two variables. 


DESIGN OF EXPERIMENT 

The primary purpose of this investiga- 
tion is to study the relationship between 
yield strength and specimen size for the 
case of pure bending. In setting up and 
conducting the experiments, therefore, 
every effort was made to minimize other 
variables. Precautions taken include the 
use of a single source of materials, heat 
treatments to insure uniformity, dimen- 
sional similarity of specimens, accurate 
load application, and careful control of 
environment and testing procedures. 
Many variables are however difficult, if 
not impossible, to reduce to negligible 
values. Consequently statistical controls 
were used extensively in addition to the 
above physical precautions. 

The material selected for these experi- 
ments was a commercial quality killed 
structural mild steel, chosen as a type 
that could be expected to have a pro- 
nounced upper yield point. It was ob- 
tained directly from the steel mill in the 
form of hot-rolled round bars, 1} in. in 
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diameter and 10 ft long, all rolled from 
the same heat. The ladle analysis was as 
follows: 


Manganese, per cent.................. 0.40 
Phosphorus, per cent.................. 0.014 
0.20 


Beams of five different sizes were used 
in the investigation, ten in each size, to 
provide data for the statistical analysis. 
Dimensions of the five sizes, series B1 
through B5, are given in Table I. It 
should be noted that all sizes were made 


TABLE I.—BEAM DIMENSIONS. 


Mo- 
Roll 
Series | Width, | Depth, meDt |Diam.,| 
in. 
B1... .|0.0635/0.1585, 1.840 0.460|0.161| 0.2 
B2....|0.1005|0.251 | 2.912'0.728/0.250| 0.4 
B3... .|0.1590/0.398 | 4.615/1.154/0.391| 0.6 
| 7.32 |1.83 |0.625) 0.8 
B5. . /11.60 |2.90 |1.000| 1.0 
Norte. b = 0.4h e = 4g = 2.9h 
g=11.6h 


dimensionally similar. The ratio between 
the dimensions of the largest and smallest 
sizes was 6.3, and intermediate sizes 
were so arranged that the ratio of ad- 
jacent sizes was constant (1.59). In this 
way the results are equally spaced on the 
scale representing log v (see the last 
column in Table I). 

The loading arrangement used to pro- 
duce pure bending is shown in Fig. 1. 
Hardened steel rollers were used both 
for supports and for applying the loads 
in order to eliminate axial restraining 
effects. The dimensional similarity be- 
tween the beams of different sizes was 
extended to include the supporting 
rollers in order to insure that the contact 
stresses would be the same for all sizes 


or Mitp STEEL BEAMS 


(see Appendix I). The rollers were held 
in place by specially made jigs while the 
initial load was applied. The jigs were 
designed to hold the rollers parallel and 
at the correct spacing to the nearest 
0.001 in. After application of the initial 
load, clips holding the rollers against the 
jig were released and the jig could be 
removed by sliding it away from the 
beam. 

The actual source of each specimen 
in the original stock was determined by 
statistical considerations. It was felt that 
there might well be significant variations 
in the material as it came from the 
source, from one bar to another, and 
from point to point in each bar. To test 
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Fic. 1.—Pure Bending Loading Arrangement. 


for the significance of these variations 
and place them under proper control a 
statistical design was developed. In this 
design the factors to be controlled were 
sizes, positions, and bars. The statistical 
model can be written as a generalization 
of Eq 3(a): 


Expected value of Si; = a + Vj; + Py + By (30) 


where: 
Sij = the logarithm of the strength, 
V; = the effect due to size, ‘i 
P, = the effect due to position, pie 
B; = the effect due to bars, rt} 


i = Number of stock bar (1, 2, 3, 4, 
10), and 

j = Series number designating size 
(1, 2, 3, 4, 5). 

The original 10-ft bars were sawed into 

5-ft lengths and arranged in a random 
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order with all sheared ends on one side 
and sawed ends on the other. Each bar 
was then divided into five 1-ft segments, 
and the segments were numbered accord- 
ing to a latin square. Figure 2 shows the 
latin square for the first five bars. The 
same arrangement was used for the 
second five bars. Specimens were ma- 
chined from the centers of the 1-ft seg- 
ments. Each of the main effects, sizes, 
positions and bars appeared at five levels 
in each square. Each bar contained a 
complete set of specimens of the five 
sizes used, and each size included speci- 
mens from all ten bars. 


BAR SEGMENT NUMBER 


NUMBER (Same as series number, j ) 
(i) 4 5 2 3 1 
1 4 5 2 3 
Cal w 
z 3 1 4 5 2 z 
3 it it it 
2 1 4 5 
4 5 [ l a 
5 2 3 1 4 
5 = I I I I 
= 


Fic. 2.—Latin Square for First Five Bars. 


In addition to the statistical controls, 
the uniformity of the material was im- 
proved by suitable heat treatments. 
After all of the 1-ft segments had been 
cut and marked, they were given a pre- 
liminary homogenizing anneal at 1650 F. 
After machining, the specimens were 
given a stress relief anneal at 1100 F ina 
salt bath, intended to remove the effects 
of machining, if any (details are given 
in Appendix II). Considerable care was 
exercised in the machining process to 
avoid heavy cuts and overheating. 

Environment and testing procedures 
were also carefully regulated. Near the 
upper yield point the condition of mild 
steel is highly unstable. If the loading 
apparatus stores large amounts of strain 
energy, transient disturbances can re- 
lease it into the specimen causing pre- 
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mature yielding. This was avoided by 
using a very rigid machine and taking 
precautions against shocks and vi- 
brations in the immediate vicinity. A 
120,000-lb hydraulic testing machine 
was used because of its high stiffness. 
The loading beams were designed to be 
as rigid as possible within the limits of 
practicability. Including all connected 
apparatus (testing machine, weighing 
capsule, and loading beam) the stiffness 
measured approximately 500,000 lb per 
in. 

Strain rate was held constant at all 
times during the loading of the speci- 
mens. It was set at 15 X 10-® per sec, 
which is slow enough to be on the flat 
part of the curve of yield strength versus 
strain rate for mild steel (4). Thus small 
variations in strain rate would not be 
expected to have any noticeable effect. 

Each day’s tests were arranged to in- 
clude a complete set of specimens from 
one stock bar, representing all five sizes. 
In this way variations that might exist 
from day to day could not be attributed 
to size. 

In order to check the effectiveness of 
the experimental controls, a large num- 
ber of auxiliary tests were made. These 
included microstructure examinations, 
hardness tests, additional bending tests, 
and tests to determine the creep in the 
SR-4 gages and the effectiveness of the 
pure bending setups. 

Metallurgical examinations were made 
at all stages in the processing of the steel. 
They indicated that all microstructures 
were the same. Ata magnification of 500 
no signs of deformation of the pearlite 
or of decarburization could be seen. The 
carbon content was judged to be the 
same in all samples. 

Hardness tests, also made at various 
stages in the processing, revealed no 
significant nonuniformity in the mate- 
rial. Since hardness tests always involve 
considerable amounts of plastic flow, 
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they do not provide any direct indica- 
tion of the yield strength but were used 
only as a further check on the uniformity 
of the material. Macro- and microhard- 
ness tests made on the homogenized 
stock and on the final beams showed 
only slight variations, and those of a ran- 
dom nature. Comparisons of beams of 
different sizes indicated that any varia- 
tions in hardness that did exist across 
their cross-sections were of approxi- 
mately the same magnitude in all sizes. 

The auxiliary bending tests provide 
direct indications of the importance of 
several possible variables with respect to 
the yield strength. Ten beams of each 
of two sizes were tested in a manner 
identical to that used in the main tests. 
The large size (BS4) was the same as 
series B5 and the small size (BS3) mid- 
way between B2 and B3 (approximately 
7s in. in depth). Half of the specimens 
of each size had surface layers removed 
by etching to a depth of 0.001 to 0.003 
in. on the extreme surfaces. It was felt 
that if the surface layers retained any 
effects of machining after the stress re- 
lieving heat treatment this would tend 
to remove these effects. No significant 
variations in the yield strengths could be 
detected. In some cases, the etched 
beams gave lower values and in others 
higher values than those for the un- 
etched beams. 

Beams taken from either end of the 
stock bar were compared. In one case a 
significant variation was noted, the 
beams taken from the sheared'end being 
noticeably stronger than those from the 
sawed end. In the other case there was 
no significant change. As noted previ- 
ously, the experiment was designed sta- 
tistically to give proper consideration to 
any such variation in other stock bars. 

The most interesting variation was 
one that was discovered in the case of 
small beams taken from different parts 
of the cross-section of the stock bar. Two 
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of the ten small size (BS3) auxiliary 
beams were machined from the center of 
the 13-in. round stock as were all! the 
specimens in the five main series; four 
were from points 3 in. from the center; 
and four were from the outer surface. 
Locations are shown in Fig. 3. The yield 
strengths of the beams from these three 
locations were found to differ signifi- 
cantly. The figures adjacent to the posi- 
tions show the average yield strengths 
in kips per square inch. The number of 
specimens involved in each case was 
rather small to provide conclusive evi- 
dence, but the results indicate that the 
material at the center of this particular 
stock bar was significantly weaker than 


a’ 


Fic. 3.—Locations of BS3 Beams in Cross- 
Section of Stock Bar. 


that nearer the surface. Since the beams 
used in the main tests were all taken 
from the center of the stock bar, the 
extreme fibers of the smallest beams were 
closest to the center. A decrease in yield 
strength toward the center would there- 
fore produce a corresponding decrease 
in yield strength with size—an effect 
just opposite that predicted by the the- 
ory. 


EXPERIMENTAL PROCEDURE 


In accordance with the statistical de- 
sign, the order in which specimens of 
each day’s set were tested was deter- 
mined by lot and was unrelated to the 
order of the specimens in the bar. 

Basically, the procedure consisted sim- 
ply of loading each beam until the be- 
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ginning of yielding was observed. In 
practice this involves devising a means 
of detecting the initial yield with the 
least possible uncertainty—a by no 
means easy task. Several methods have 
been used for this purpose by different 
investigators, with varying success. 

One method is the direct observation 
of yielding itself as evidenced by Liider’s 
lines. In the case of small beams this is 
fairly clear cut, but in the larger ones 
some difficulty is found in detecting the 
very first slip band as soon as it forms. 

Another method involves plotting load 
versus deflection or strain and observing 
the point at which there is a deviation 
from linearity. With the highly sensitive 
strain gages now available, this becomes 
quite practical and is the principal 
method relied upon in these experiments. 

A third method depends on the ob- 
servation of permanent set upon unload- 
ing after yielding has started. This 
method provides an indication at the 
time of the test, whereas the deviation 
from linearity can be seen only after 
some calculations or the plotting of a 
graph. This is also a practical method 
with the use of sensitive strain gages. 

A combination of the last two meth- 
ods was used in all tests in this investiga- 
tion. Strains were measured with SR-4 
electric resistance wire strain gages at- 
tached to the tension surface of each 
beam. Since the beams were loaded in 
pure bending, the maximum fiber stress 
was constant over the length of the cen- 
ter span. Yielding itself is highly local- 
ized and may occur at any point along 
this span. In order to be sure to detect 
the first yielding, therefore, the strain 
gages were selected to cover as nearly as 
possible the entire length subject to pure 
bending in each beam. Thus average 
strains were measured, as’is usually the 
case in engineering tests. 

A standardized testing procedure was 
set up and carefully followed in all tests. 


A small initial load, roughly one third of 
that corresponding to the lower yield 
point in tension, was applied and the jig 
was removed. The load was then cycled 
several times between the initial load and 
a “zero” load, which was approximately 
two thirds of the lower yield point load. 
This was for the purpose of lessening the 
effects of creep in the strain gages. Pre- 
liminary tests using a cold-rolled steel 
beam well within its elastic range re- 
vealed a certain amount of creep in the 
gages. When the load was cycled a num- 
ber of times, the strain gage readings at 
the lower load gradually increased at 
first and settled down to a fairly constant 
value only after several cycles. Similar 
behavior in the mild steel beams was 
therefore also attributed to creep in the 
gages. 

After the strain reading had become 
stabilized, the load was increased at the 
predetermined rate and simultaneous 
readings of load and strain were re- 
corded at regular intervals. When the 
load reached a value near the lower yield 
point load, it was reduced again to the 
zero load in order to detect the appear- 
ance of permanent set, if any. The load 
was then increased to its highest pre- 
vious value without any readings being 
taken, and further readings at higher 
loads were recorded. This cycle was re- 
peated several times until yielding was 
clearly evident. The result was a fre- 
quent check for permanent set during 
the test and a continuous series of load 
versus strain readings. In the smaller 
beams, yielding was quite abrupt, even 
accompanied by a drop in the load in 
many cases. 

It should be mentioned that consider- 
able difficulty was encountered in con- 
nection with the smallest beams (series 
B1). In the first place, no standard strain 
gages could be found that would fit on 
their ;s-in. wide faces. And although 
very carefully made, the special gages 
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that were used were found to be erratic 
in their behavior because of their small 
size. In the second place, the problem of 
loading without eccentricity increased 
rapidly with decreasing size, and some 
unavoidable eccentricity was noticeable 
in this smallest size. These difficulties, 
combined with the possibility of pro- 
nounced weakness in the material itself 
due to its source in the center of the 
stock bar, tend to cast some doubts on 
the validity of the results of series B1. 


Test RESULTS 


The load at which the first departure 
from linearity occurred was determined 
by the following method. Using all read- 
ings up to a point just below what ap- 
peared to be the yield load a straight 
line of the form 


= dao + aP 


was fitted by the method of averages. 


Using this equation, the values of naa 
cures 


5 = €obs — € 


were then tabulated, where éons is the ob- 
served strain at any given load and 6 
is the deviation of this strain from the 
linear relationship assumed. Continuing 
this tabulation beyond the linear portion 
of the curve, it was possible to see quite 
distinctly the beginning of yielding. It 
was found that in general below the yield 
load the observed strains stayed within 
2 or 3 microinches per in. of the calcu- 
lated values. (Occasional deviations of 5 
or 6 were noted, but since they appeared 
far down in the elastic range it was felt 
that they must be simply experimental 
error.) At the yield load, the deviations 
increased steadily. In all cases it was 
possible to fix upon a very small devia- 
tion as the criterion for the beginning of 
yielding. For the smallest beams, the 
value was chosen as 6 microinches per 
in., with 4 or 5 for the larger beams. This 
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corresponds to an offset of from 0.0004 
to 0.0006 per cent. 

In five cases, what was felt to be a sig- 
nificant permanent set began to appear 
at loads that turned out to be slightly 
lower than those corresponding to the 
above offsets. In order to be on the con- 
servative side, these lower loads were 
chosen as representing the beginning of 
yielding. The permanent set used as a 
criterion was 10 microinches per in., 


‘TABLE II.—OBSERVED YIELD 
STRESSES. 
Series....... Bi B2 | B3 | Ba | Bs 
Specimen 
umber | (u)ij,| (ou)ij»| | 
in Each psi psi psi psi psi 
Series 
51 450/48 530/45 010185 980 
44 520|51 760|45 140/41 300|37 720 
52 470\53 120/39 570 46 220/36 980 
49 360/47 500/42 59034 460/36 510 
5.......|46 940/46 910/35 030/30 450/32 815 
6.......|49 270|51 260/44 700/42 930)33 460 
49 190/49 910/45 800)39 40036 540 
52 020/48 430/43 590/31 540/35 180 
9.......|41 600/53 500\46 670/37 930/35 200 
50 000/51 93043 57036 79033 360 


Nore: (¢.)i; = Maximum stress at yield. 


somewhat larger than the offset to allow 

for a slight creep in the strain gages. 
Results were recorded in terms of the 

following quantities: 


je? 

2; = volume of each specimen 
10 

Vij atl » Ts 


ally 


xj = logi 0; 


(ou)ij = yield stress for each specimen (Table 
II) 


= 


fal opp the 


= 


‘ 


See 


where i = Number of stock bar (1, 2, 
3,4 --- 10) andj = series number desig- 
nating size (1, 2, 3, 4, 5). Mean values for 
the five series are shown in Table III. 


Interpretation of Results: 


In the study of the results of experi- 
mental work there are two important 


questions: 
1. Which effects, if any, are signifi- 
cant? p 
Mean Log Mean | Mean Log 
Series, Volume, Mean Stress, Stress, 
(B;) Volume _| (u)j, = = 
cu in. xj= logwtj| psi logie ou 
0.009389) — 2.02739/48 680) 4.68635 
0.036620) — 1.43628/50 280) 4.70101 
0. 146009] —0.83562/43 170| 4.63377 
0.582847 — 0.23445 /37 690) 4.57285 
2.321566 +0.36579/35 470) 4.54943 


2. Do the significant effects fit the pro- 
posed theory? 

The first question is answered in part 
by assuming that efforts to make certain 
factors negligible by careful experimental 
procedures have been successful. Such 
factors include environment and testing 
techniques such as eccentricity of load- 
ing, strain rate, and accuracy of strain 
measurements. 

Another and equally important answer 
is given through the statistical design. 
The significance of a number of effects 
can be tested by an analysis of variance. 
Such an analysis was made for the two 
Latin squares comprising the five B series 
of fifty specimens. The main effects were 
sizes, positions and bars, reflecting possi- 
ble variations due to variability of ma- 
terials and treatments as well as those 
due to specimen size. Positions and sizes 
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were the same for the two squares, but 
the experimental material (bars) was 
different. Equation 3(5) represents the 
model and is repeated here: 


Expected value of Si; = a + V; + Pe + B; (3b) 


The effect of volume is further subdi- 
vided into 


Vi = B(Vi) + + + 
in order to test for possible terms beyond 
the linear term predicted by the theory. 

The test for significance of the main 
effects was performed by the following 
analysis: 

1. Let the two Latin squares be called 


TABLE IV.—ANALYSIS OF VARIANCE 


TABLE. 
Sums of |Degrees| Mean 
Squares of f Square 
0.322664 4 |0.080666 
Positions. ... 0.0192294 4 |0.004807 
0.0432525 8 |0.005407 
Sizes X squares 
interaction...... 0.0175849 4 |0.004396 
Positions X 
squares interac- 
0.0043848 4 |0.001096 
Residual.......... 0.089795 24 |0.003741 
Between squares. . ./|0.002603 1 \0.002603 
0.102716 49 


X and Y, and define W = X + Y and 
Z=X-Y. 

2. Compute the analysis of variance 
tables for W and Z in the standard man- 
ner (for example, see Bowker and Lieber- 
man (5)). Table IV shows the analysis of 
variance. 

3. Tests for significance are based on 
5 percentage points of the F distribution, 
as tabulated in Bowker and Lieberman. 
The criterion is as follows: = 

If the ratio 
MS (main 


Bw 
MS (residual) 


is less than F.05,»,», the hypothesis is ac- 


} 
r 
y 
V 


964 


RICHARDS ON YIELDING OF MILD STEEL BEAMS 


cepted that there is no effect. Otherwise Se . 
it is rejected. The following are the re- Source of Sum of «eae P 
a ion jua 
sults of this test: ley n 
(a) Sizes: F = 21.56 Linear Sizes... .. . 0.266886] 1 |71.4 >> 4.26 
Quadratic Sizes.../0.015114| 1 | 4.04 < 4.26 
Fo.08.4.28 = 2.78 Cubic Sizes... ... 0.039259) 1 |10.50 > 4.26 
 Quartie Sizes... . . .001405| 1 | 0.38 « 4. r 
(6) Positions: F = 1.283 Juartic Sizes 0.001405} 1 K 4.26 
0.322664| 4 
Fo.05,4.28 = 2.78 
€ 
4.74 
oll | 
ort 82 
4.68 
4.64 
o 
= = 4.60 
= 
SM 
4.54 
-2.0 1.8 16 14 10 08 06 04 02 02 04+ 
Log Mean Volume 
(x= log,, V) 
ss“ FG, 4.—Variation of Yield Stress in Bending as a Function of Specimen Size. ue 


(c) Bars: F = 1.44 This suggests that the answer to the 


second question may be qualified to some 
extent. The presence of the strong linear 
effect confirms the theory, but the sig- 
nificant cubic effect indicates that there 
may be other complications present. 


Fo, 05,8,28 = 2.36 

These tests for significance provide the 
answer to the first question: Which 
effects, if any, are significant? From the 
first test it is seen that a highly signifi- 


cant size effect does exist. The effects of 
positions and stock bars are shown to be 
insignificant. 


4. A detailed examination of the linear, 
quadratic, cubic, and quartic effects in- 
dicates a strong linear effect plus a 
cubic effect. 
The F-ratios are as tabulated below, 


smaller, but significant 


compared with F.05,1.24: 


The experimental values of x and z 
have been plotted in Fig. 4. Both the size 


effect and the nonlinearity of the varia- 
tion are evident from this plot. There are 
two possible interpretations of the non- 
linearity. Either the linear relationship 
predicted by the theory is incorrect, or 
there are other effects present that ac- 
count for the deviation. From Fig. 4 it 


| 
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appears that the relationship between 
points B2, B3, B4, and B5 is much more 
nearly linear than that including point 
B1. Two previously noted considerations 
may account for this. First, there was 
some doubt cast on the validity of the 
results of series B1 because of the erratic 
behavior of the strain gages and the 
difficulty in loading. Second, the size 
effect may have been noticeably offset in 
the smallest size because of weakness of 
the material at the center of the stock 
bar. 

With these considerations in mind a 
regression analysis was made, using only 
the four larger sizes, series B2, B3, B4 
and B5. Since, in the analysis of variance, 


TABLE V.—VALUES OF 4¢,. 


E ted 
Sistine Value, Difference, 
Gu, per cent 
psi 

ee 48 680 | 55 240 | —11.9 
re 50 290 | 49 160 +2.3 
43 170 | 43 660 —1.1 
37 690 | 38 770 —2.7 
35 470 | 34 430 +3.0 


effects other than size proved to be in- 
significant, the simple regression analysis 
provides valid tests of significance when 
only part of the experimental data is 
being studied. Accordingly, a straight 
line was fitted to the plotted points by 
the method of least squares, giving the 
following equation for the expected val- 
ue of z: 


= 4.57 — 0.0858x 


This is the line shown on the graph 
(Fig. 4). The F-test for goodness of fit is 
made by comparing the mean square 
values A and B, where A represents an 
estimate of the variability of the ob- 
servations independent of the type of 
curve assumed, and B represents an 
estimate of their variability depending 
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on the linear relationship. If the ratio of 
B to A is greater than Fo.95,»,», We ac- 
cept the hypothesis that there is no 


linear relationship. In this case sie i 


— = 1,919 while Fo.05,2,36 = 
and a definite linear relationship does 
exist. 
Table V gives for comparison the ob- 


served and expected values of Gu. 


CONCLUSIONS 


A real size effect is present in the 
bending yield strength of mild steel 
beams. 

In the four larger sizes the bending 
yield strength followed closely the rela- 


tionship 


in which A = 37,000 psi, m = 11.7. This 
is in accordance with the statistical the- 
ory. 

Further tests are needed to establish 
a correlation between yield strength in 
bending and in tension. Such tests are 
under way. 
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«i 
APPENDIX I saat 
The contact stresses between a cylinder Bio 


and a plane may be calculated by Herz’ 
formula, provided only elastic deformations 
are involved: 

PIE 


where P! = the load per unit length along 
the axis of the cylinder, d = the diameter 
of the cylinder and E = the modulus of 
elasticity of the material. In order to insure 
equal contact stresses at yielding in all 
cases, it is clearly necessary that the ratio 
of P! to d be held constant. The value of P! 
depends upon the load applied at yielding 
and the width of the beam. If the yield 
stress were constant for all sizes then the 
load would depend only on the beam dimen- 
sions. Since the actual yield stress is the 
subject of the investigation and is somewhat 
unpredictable it is assumed to be constant 
in the following derivation. 

Consider two beams, dimensionally simi- 
lar, with dimensions in the ratio ». Then 
be = nh, he = nh, go = ng, and é2 = ne 
(see Fig. 1). The two section moduli are 
related as follows: 

6 6 
For equal maximum bending stress, o we 
have 


Mz = = = 


where M is the bending moment in the 
center section and is given by 1. ban 


visit. 


It follows that 


hoa 
i 
r 
or 
enw 
— —='— = 


Since each roller takes one half the total 
load P, and the length of the line of contact 
is b, the load per unit length becomes 


Bisel) 


Finally, since P'/d must be constant, we 
have 


as 


which means that the roller diameters 
must be in the same proportion as all other 
dimensions. 

Some degree of approximation is in- 
volved, since (a) the contact stresses are 
probably not strictly elastic, and (b) the 
yield stresses are not actually the same for 
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APPENDIX II 


HEAT TREATMENT DETAILS 


Homogenizing Anneal Stress Relief 
Furnace 
GE Heat Treat Electric | Electric pot 
(box type) ily 
EES ee a ee ee Hearth 22 by 10 in. arch | 4 in. diameter by 13 in. deep 
744 in ‘at on 
Total weight of iron used........ 150 lb Samples only a 
Sal 50 per cent NaNO; 
Annealing temperature.......... 1650 F ae 1100 F 
Time to reach temperature...... 3 hr 1 to 2 min 
Time at temperature............ 25 to 30 min 
Time to cool 6 Owe 48 hr iat vbw 
Temperature on removal........ ; 3 350 F 
Subsequent treatment........... H280, pickle, with electrolytic 
smudge removal 


Mr. R. H. possible 
metallurgical differences through the 
thickness of the test materials taken 
into account in preparing the specimens? 

Mr. C. W. Ricuarps (author).—The 
specimens were all taken from the 
center of the 1}-in. diameter stock bars. 
Microstructure examinations were made 
across the cross-section of the bars, 
both before and after the homogenizing 
anneal. Hardness measurements were 
also taken across the cross-section and 
other tests were made, as described in 
the paper. 

Mr. T. J. Dotan.2—The author’s 
approach appears to be a very interest- 
ing and fruitful method of looking at 
the strength of materials. Certainly 
there are materials strength variations 
from crystal to crystal or between 
different orientations within a single 
crystal. In the initial portion of the 

1 Supervising Research Metallurgist, Research 
estoy, Armco Steel Corp., Middletown, 


? Head, Department of Theoretical and Ap- 
- Mechanics, University of Illinois, Urbana, 


analysis, the author uses a function 
(c) as a material function representative 
of the statistical distribution of strengths 
from element to element. Was this 
function meant to cover variations from 
crystal to crystal or for some other size 
or type of constituent for the strength 
considerations of this particular analysis? 
How does one determine this function or 
its range of variation? Can one work 
backwards from observed data on the 
“size effects” and determine the statisti- 
cal variation of strength within in- 
dividual elements from the over-all 
observation of large scale behavior em- 
ploying the author’s analysis? 

In connection with the preparation of 
the beams themselves, I would like to 
ask how the surfaces were finished. This 
might be a vital statistic since we find in 
fatigue specimens a great deal of varia- 
tion in fatigue strength depending on 
how the surface is finished. Minor 
operations such as polishing with emery 
paper can leave thin skins of hardened 
cold-worked material which cannot be 
detected by, say, a Rockwell hardness 


. 


: ‘ 
} 7 


y= 
968 _ DISCUSSION ON YIELDING 


test but which might vitally affect 
fatigue strength. If surface effects of this 
type were present to the same depth on 
both the large and small beams it would 
tend to affect the performance of the 
small beams by a greater percentage 
than for the larger depth beams. 

Mr. RicHArDs.—In answer to the 
second question, we did everything we 
could to avoid any hardened skin on the 
surface. The machining was done very 
carefully and there was a stress relief 
anneal following machining. Auxiliary 
tests are described in the paper, in which 
the surface layers were etched away on a 
number of beams. These beams were 
tested in the same manner as the others 
and no significant variation between the 
two types was observed. It was there- 
fore assumed that no skin effect was 
present. 

In answer to the first question, the 
volume elements were not intended to 
be necessarily crystals, but the more 
general kind of element usually used in 
the study of continuous, isotropic ma- 
terials. It is recognized that mild steel 
can only be treated in this way, on a 
macroscopic scale, but it serves the 
purpose in this particular case. 

I have not tried working backwards to 
determine the distribution m (¢) but it 
would be interesting and has been con- 
sidered. 

Mr. J. L. M. Morrison? (by letter).— 
In his introductory remarks, the author 
refers to the confused situation that has 
existed over the past twenty five years 
because of, among other things, “an 
almost complete disregard for the effects 
of specimen sizes on results.” Although 
this remark is largely justifiable, the 
author seems to have overlooked work 
which has been published during and 


3 Professor of Mechanical Engineering, Uni- 
versity Engineering Laboratories, University 
of Bristol, Bristol, England. 
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indeed before that period. Thus Cook‘ 
in 1931 published the results of tests on 
thick cylinders subjected to internal 
pressure, which showed clearly that 
there was an important size effect and 
that this effect was primarily dependent 
on the internal diameter of the tube. 
Again in 1939 the writer® published the 
results of tests in which a comparable 
effect of size in torsion and in flexure 
was demonstrated. So far then the 
author and the writer are in qualitative 
agreement. The writer’s tests in tension, 
however, show no effect of size of speci- 
men whatsoever. Partly no doubt in 
consequence of this the suggested ex- 
planations for the size effect are utterly 
different: this is too complicated a 
subject for adequate discussion here, but 
each attempted explanation is available 
in the separate papers. 

It might be not wholly unreasonable to 
add in relation to the author’s model for 
the mechanical behavior of mild steel 
that his postulated two-component ma- 
terial is not wholly in conformity with 
modern dislocation theory and that it 
leads him into what appears to the 
writer to be a certain degree of illogi- 
cality in his conclusion that “the be- 
ginning of yielding may be expected to 
follow the same fundamental laws as 
the fracture of brittle materials.” In 
fact, as the author knows and states, 
yielding can begin with equal ease in 
compression or tension. This of course 
is a reflection of the generally accepted 
fact that initial yielding depends on a 
function of the shear stresses and sc 


4G. Cook, “The Yield Point and Initial 
Stages of Plastic Strain in Mild Steel Subjected 
to Uniform and Nonuniform Stress Distribu- 
tions,” Philosophical Transactions, Royal Soc. 
(London), Vol. 230, p. 103. 

5J. L. M. Morrison, “The Yield of Mild 
Steel, with Particular Reference to the Effect 
of Size of Specimen,” Proceedings, Inst. Me- 
chanical Engrs., Vol. 142, p. 193. 
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follows different fundamental laws from 
those which govern the fracture of 
brittle materials. 

The writer would wish to thank the 
author for giving sufficient detail as to 
the conduct of his experiments (nowa- 
days a very unusual, but still highly 
commendable, practice) to allow the 
reader to understand his methods and 
even perhaps to criticise them. Thus it 
seems to the writer that it would have 
been preferable to use specimens with 
enlarged ends since, even though simi- 
larity in relation to contact stresses was 
maintained, these contact stresses must 
surely weaken the beam and almost 
certainly to a different extent in cases 
where a drop in load is and is not found 
at yield. Again the author points out 
the variation in properties across a 
cross-section. Would it not have been 
better to machine all the small beams 
from the outer material which is most 
highly stressed in the larger beams? The 
author’s statement on the difficulty of 
detecting the beginning of yielding is a 
fair and interesting one. 

To the writer the most disappointing 
feature of the paper is the extremely 
large variation between the test results. 
By using statistical methods, the author 
claims to have eliminated the effect of 
all variables other than size and to 
find a positive effect of size whereby the 
largest beam tested yields at a stress 
about 70 per cent of that required to 
make his second-smallest beams yield. 
Taking, however, this second-smallest 
series of beams on its own, one finds 
that the weakest member yields at a 
stress of only 66 per cent of that re- 
quired for the strongest, nominally iden- 
tical, member. The writer does not for a 
moment suggest that the size effect is 
not valid. It would however, to him, 
have been more convincing had the con- 
trol of other variables been more com- 
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plete. The writer in fact finds it difficult 
to understand why a more complete 
control was not achieved. He would 
himself discard without hesitation as 
unsuitable for experimental purposes 
any material which gave uncontrollable 
variations of this order of magnitude. 
The writer would very much regret it 
if the adversely critical tone of some of 
his comments were to be taken to imply 
that he felt on the whole adversely 
critical. The paper seems to him a 
valuable one and he looks forward with 
interest to seeing further test results 
which are promised in the conclusions. 
Mr. RicHArps.—The author is aware 
of the publications of Cook in 1931 and 
Morrison in 1939. Both were referred to 
in the author’s original work on the 
subject in 1953 (author’s reference (3)). 
Little or no attention was paid to these 
papers, however, by those engaged in 
the controversy over the “raised yield 
point in bending.” To the author’s 
knowledge, he was the first to suggest 
any connection between the specimen 
size and the conflicting reports in this 
controversy. It was the possibility of 
such a connection that prompted the 
beginning of the author’s studies in 1951. 
The basic question of size effect itself 
could only be answered conclusively by 
tension tests, avoiding the complication 
of nonuniform stress distributions. A 
search of the literature showed that 
Mr. Morrison was the only one who 
even mentioned such tests for this pur- 
pose. It was soon found, however, that 
the evidence he presented was incon- 
clusive. In the first place, the results of 
only three specimens are reported (Table 
7 in Mr. Morrison’s paper). Further- 
more, his use of extensometers having 
knife edges probably affected the re- 
sults. C. W. MacGregor® has shown that 
®C. W. MacGregor, “The Yield Point of 


Mild Steel,’’ Transactions, Am. Soc. Mechanical 
Engrs., Vol. 53, p. A-187 (1900). 
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such knife edges materially lower the 
upper yield point, and the author dis- 
covered the same effect in his experi- 
ments. It was therefore decided to 
undertake a more thoroughgoing in- 
vestigation of the possibility of size 
effect in simple tension. As a result of 
this research a definite size effect was 
discovered and reported in the author’s 
previous paper in 1954 (author’s refer- 
ence (1)). 

The statistical theory, which offers an 
explanation for the phenomenon, thus 
was felt to be based on firm ground, nol 
depending on nonuniform stress distri- 
butions. The present investigation had 
as its purpose an extension of the 
statistical theory to nonuniform stress. 

The analogy of the beginning of 
yielding in mild steel with the fracture 
of a brittle material was more fully 
discussed in the author’s previous paper 
(author’s reference (1)). Briefly it is 
based on two points of similarity: both 
are triggered by the presence of flaws or 
imperfections in the material; and both 
are self-propagating, once started.? The 
analogy does not necessarily depend on 
the atomic mechanism involved, whether 
Cottrell atmospheres or brittle skeleton. 
Neither is it concerned with the type of 
stress responsible for failure. 

The variation between the test results 
fora g given size is primarily a consequence 

7 ottrell, Dislocations and Plastic Flow in 
Crystals, Clarendon Press, Oxford, p. 145 (1953). 
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of the inherent variability in the upper 
yield point, which is due to the random 
distribution of imperfections as explained 
at the beginning of the paper. It should 
be remembered that the tests were 
designed to permit the material to attain 
the full value of the upper yield point, 
and the results were therefore subject to 
all of its inherent variations. In most 
commonly made tests no such precau- 
tions are taken and the upper yield 
point is masked to such an extent that 
it is the lower yield point that is really 
indicated. Since this is an entirely dif- 
ferent phenomenon it is not subject to 
variations like those of the upper yield 
point. The noticeable deviations from 
linearity in the curves shown in Fig. 5 
well below what might be called the 
yield stress, indicate the possibility that 
the full upper yield point was not 
reached. In the author’s tests on beams 
in this size range the deviations from 
linearity were within 2 or 3 microinches 
per inch until abrupt yielding took 
place. 

The author recognizes that, like any 
new theory, the statistical theory of the 
beginning of yielding in mild steel may 
be proven by later findings to be of 
limited applicability. The results so far, 
however, support the theory, and as 
Mr. Dolan points out, it has interesting 
possibilities. It may, for example, have 
some bearing on the notch brittleness of 
steel. 
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TERESIS AND ANELASTICITY IN COLD-WORKED 


it SYNOPSIS al 


Creep and cyclic loading tests on cold-stretched stainless steel show 
that the hysteresis in cyclic loading is not an anelasticity phenomenon. 
The practical significance of this hysteresis as a possible source of damp- 
ing is discussed. 

The tests described in this report were carried out to learn the nature of the room- 
temperature hysteresis observed in cold-worked 12 per cent chromium stainless steel. 
Hysteresis is recognized experimentally by a loop in the stress-strain curve for con- 
stant loading and unloading rates (Fig. 1). Such behavior is of importance in many 
practical applications involving vibrations because a material with large hysteresis 
resists the buildup of serious vibration amplitudes under resonant or near-resonant 
conditions. When discussing these applications, the hysteresis is usually called 
“internal friction” or “damping.” 

The fact that cold working introduces hysteresis has been known for over 60 
years (1)? and has been observed in many metals, but it is still poorly understood. 
It has been assumed, by Zener (2) for example, that this hysteresis is a manifestation 
of anelastic behavior, as are all hysteresis behaviors within the elastic limit. “‘Anelas- 
tic behavior” means that certain types of relationships will exist between stress, 
strain, and time. These relationships can all be derived (2) from the basic material 
behavior, expressed in terms of a “relaxation spectrum.” 

The relaxation spectrum is a graph used to describe the relative magnitudes of 
the coefficients in an infinite series of the form: 


e(/S = — + — + — + — 4 (1) 


which is the formula for anelastic strain, e, as a function of time, /, at a constant 
stress, S. In this equation, 7; is called the “relaxation time constant” and is a meas- 
ure of how slowly or quickly the anelastic strain appears. The coefficients a; are a 
measure of how much anelastic strain (that is characterized by a certain time con- 
stant) will appear in infinite time (note that when ¢ = ©, each term reduces to aj). 


* Presented at the Sixty-first Annual Meeting of the Society, June 22-27, 1958. 

1 Knolls Atomic Power Laboratory, General Electric Co., Schenectady, N. Y. 

2? The boldface numbers in parentheses refer to the list of references appended to this paper, see 
p. 980. 
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Since (1 — e~‘/") = 0.632 when ¢ = 1, 7 may be interpreted physically as the length 


of time needed for 63.2 per cent of the eventual anelastic strain to appear. 


The behavior at constant stress can be expressed either as an infinite series or a 
finite series. When using an infinite series, each coefficient is an infinitesimal and the 
time constants in two adjacent terms differ by an infinitesimal. It has been shown 
(3) that the behavior can also be represented quite accurately by a finite series if 
the time constants in adjacent terms differ by a factor which is a small number, 
say, not over 10. The infinite series is used when expressing the behavior graphically 
as a relaxation spectrum. In this graph, the abscissa is the relaxation time on a 
logarithmic scale and the ordinate is arranged so that the area under the curve to 
the left of a certain time constant is the sum of the coefficients of all terms charac- 
terized by shorter relaxation times than the abscissa value. Depending on the source 
of the anelasticity (grain boundaries, thermoelastic effect, diffusion, etc.) the relaxa- 
tion spectrum may be very broad, covering many log cycles of 7, as at elevated tem- 


ig 
STRAIN 
Fic. 1.—Schematic Diagram Showing Hysteresis Loop Caused by Cold Stretching. = 


perature (3); or it may have a quite sharp peak, so that the behavior can be described 


adequately by a single term of the above series, with a single relaxation time. 


Although the hysteresis introduced by cold work has always been assumed to be 
due to anelastic behavior, Zener (2) points out that “considerable uncertainty exists 
at present regarding the relaxation spectrum.” From the fact (4-8) that the effects 
are independent of frequency, Zener has concluded that the relaxation spectrum is 
a horizontal line, but he hastens to cite one apparent exception (9) and points out 
that creep or relaxation experiments are needed to clarify the situation. The creep 


tests described below partially fulfill this need. 


TESTS 


The specimen was made from type 403 stainless steel quenched and tempered to 
80,000 psi yield strength and stress relieved at 1175 F. The specimen was a standard 
0.505-in. diameter, threaded-end bar provided with two SR-4 wire resistance strain 


gages placed on opposite sides of the bar. The loading sequence was: 


1. Elastic loading to 30,000 psi (proportional limit = 65,000 psi approximately). 


Hold load at various levels and read gages. Average opposite gages. 
2. Unload, using similar procedure. 


3. Slow loading at constant rate to 83,000 psi (5500 X 10-* plastic strain). Read- 
ings taken on the fly on the two gages alternatively. Simultaneous readings obtained 


by interpolation, and readings from opposite sides averaged. 


j 
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4. Hold load constant at maximum value until creep rate becomes very small 
(approximately 1 hr). 

5. Unload at a constant rate of 8000 psi per min. 

6. Hold zero load until length remains constant. 

7. Reload to 83,000 psi at a constant rate of 8000 psi per min to complete hyster- 
esis loop. 


30 000 


| 


200 400 600 800 1000 
— Strain, Microinches per in. 
a Fic. 2.—Elastic Loading and Unloading Curve for the As-Heat-Treated Material. ‘ 
8. Hold maximum load until length remains constant. 
10. Hold 10 min and observe length changes. wha Higa’. 
11. Load suddenly to 55,700 psi and hold load constant 6 min.” 


12. Unload suddenly and observe subsequent length changes. 

Figure 2 shows the elastic behavior of the virgin material. By the method used, 
no hysteresis could be detected. The elastic modulus was 31,000,000 psi. 

Figure 3 shows the stress-strain curve into the plastic region. During the constant- 
rate loading there was 7100 X 10~* plastic flow, as determined by the offset from 
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the elastic line. There was an additional 1600 X 10~* creep at maximum load, bring- 
ing the total plastic strain to 8700 X 10~-*. The unloading line was curved and less 
steep than the elastic loading line, and because of this, the plastic strain measured 
at zero load was only 8130 X 10-*. 

The details of the creep are shown in Fig. 4. The creep rate continuously diminished, 
but it had by no means ceased even after 1 hr. 

Figure 5 shows the “elastic” unloading and loading curve after the plastic stretch- 
ing shown in Figs. 3 and 4. The characteristic hysteresis loop was obtained. The 
initial portion of the loading curve had the same slope as the elastic curve for the 
virgin material. The same can be said of the unloading curve, but to a lesser degree 


binge | 1600 x Creep Strain at Constant Load | 
Yield Strength: 79 O000psi 
70 OOO F 
Proportional Limit:65 psi Approximately 
60 000 + 
a 
50000} 6 
7100 x 10 Plastic 
2 ‘Loading Strain 
40000F 
30 000 + 
20 000 F 
10 000 F 
Strain 
a 19) 2000 $000 10, 12,000 
Pa Fic. 3.—Stress-Strain Curve at Slow, Constant Strain Rate. 


of certainty. The total deviation from the elastic line amounted to 520 X 10-6, or 20 
per cent of the elastic strain. The width of the loop at the center is 190 X 10-°, 

Note that the ends of the loop are very sharp, even though both minimum and 
maximum load were maintained for some time. In other words, at constant load 
there was no change in length that could be detected with a standard SR-4 in- 
dicator. 

Figure 6 shows the results of suddenly loading to 56,000 psi and holding the load 
constant and of suddenly unloading and observing the subsequent length changes. 
The figure shows that there is no creep at constant load. Likewise, there is no change 
in length (called “creep recovery”) at zero load. Of course, there may have been 
some very transitory effects, which had died out by the time the first reading was 
taken, but in that case the dying-out time was very short: less than 15 sec after 
loading and less than 6 sec after unloading. 

From a cursory examination, the behaviors in Figs. 5 and 6 do not appear to be 
related to each other in terms of anelasticity. A pronounced hysteresis loop like that 
in Fig. 5 is generally regarded as being associated with an anelastic effect having a 
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time constant of the order of the loading or unloading time (10 min). Figure 6, on 
the contrary, indicates that there is no anelastic strain, or at least none with a time 
constant longer than 10 sec or so. 


ANALYSIS 
Actually the test results of Figs. 5 and 6 are of such a nature that it is not con- 
venient to compare them directly. Consequently an attempt was made to analyze 
and compare them in terms of a common quantity: relaxation time. In this analysis, 
it was assumed, for simplicity, that the constant-load behavior can be expressed in 
terms of a single time constant, r: 


Elostic Slope ] 


For Virgin Moterial 
$0 000 3/ 000 000 psi 
1800 
80 000+ 
70 000} 
60 000} 
Apporent Modulus 
50000 | 26000 000 psi 
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3 & 40 000+ 
30 000}- / 
8 20 000 | 
c B 
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Fic. 4.—Creep Behavior Following Sudden Fic. 5.—Hysteresis Loop in Stainless Steel 
Cessation of Loading at 83,000 psi ina Tensile After Plastic Stretching. 
Test (see also Fig. 3). 

First we shall find the shape of the hysteresis loop for cyclic loading at constant 
loading and unloading rates S = dS/dt, as shown in Fig. 7(a). 

The strain, ¢, at an arbitrary time, /, during the loading cycle AB due to the cur- 
rent loading cycle AB is: 


(3) 


Reference 3 shows how this equation is calculated. Proceeding in a similar fashion, 
the strain, €2, at time, /, during the loading cycle AB due to all prior cycles (n = 1 
ton = o) is: 


n=1 


Adding Eqs 3 and 4, the total strain at any time ¢ during the loading cycle AB is: 


wy €loading = aS r(1 + = | [re~t/t (eAt/r (5) 


n=1 
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_ The strain, ¢,, at an arbitrary time ¢ during the unloading cycle BC due to the 
current unloading cycle BC is: 
e = —aS{(t — At) — — (6) 


The strain, ¢,, at time / during the unloading cycle BC due to the next preceding 
loading cycle A is: 


200 
}+ At Most, /5 Sec for Loading 
9 400F 
9 200F y 
9 000+ 
8 800+ 4 
8 200+ No Lood 
1 Loa 
No Load Time-—~ ole ar Most, 6 Sec for Unloading 
8 000 
1 '¥ Fic. 6.—Creep Behavior at Constant Load Following Loading and Unloading. 


The strain at time ¢ during the unloading cycle BC due to all prior cycles (wn = 1 
to n = ) is given by Eq 4. Adding Eqs 4, 6 and 7 the total strain at arbitrary 
time, /, during the unloading cycle BC is 


n=0 


€unloading > aS = + + e/r(1 + > = . (8) 
n=l 


Equation 5 applies to values of ¢ between zero and A/, while Eq 8 applies to values 
of ¢ between At and 2A/. These two equations are illustrated in Fig. 8 for r = 10 
min and r = 0.1 min and for A¢ = 10 min. 

For the present purposes, we are concerned only with the shape of the hysteresis 
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loop, that is, the width of the loop as a function of stress or time. The width 6 is 
given by 


= aSt {2 + — ZeAtic) — 


n=1 


= 
oO 
—_ 
tw T:0! 


w 
= 
wlo 
a 
« 
Fic. 7.—Two Load Histories Considered in 
= 


Fic. 8.—Calculated Hysteresis Loops (An- 
ne ah elastic Part) for Two Time Constants. 


The width of the hysteresis loop as a function of stress or time is plotted in Fig. 9 
for various values of 7, and the maximum width is shown in Fig. 10 as a function 


i of r. In both graphs At = 10 min as was the case in the tests. Note that the hys- 

; teresis loop has the characteristic lens-shaped appearance for values of 7 greater than 
unity, but for smaller values of 7 the sides of the loop are parallel except near the 
ends of the loop. Figure 8 shows an extreme example of the latter behavior for r = 0.1 

) min. From Fig. 9 it may be concluded that the hysteresis loop of Fig. 5 must corre- 
spond to a relaxation time of no less than 0.5 min, or 30 sec, if indeed it corresponds 

S to any kind of anelastic behavior at all. 

0 Now let us consider how small the relaxation time would have to be so that no 
creep and no creep recovery would be observed in a test like that shown in Fig. 6. 

is Equation 2 shows the anelastic creep strain after time ¢ at constant stress. The 
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eventual anelastic creep (at = ©) is fet 
= aS. 


Then the anelastic strain that will appear between ¢ = ¢ and / = @ is the difference 
between Eqs 2 and 11, or: 


To see this amount of creep or creep recovery, it would have to be larger than the 
limit of experimental accuracy of about 10 X 10~-*. 

Equation 12 has been plotted in Fig. 11 for ¢ = 0.1 (6 sec) and various values of 
r. The value of a was obtained from Eq 10 and maximum loop width in Fig. 5. 
The value of 6 sec was chosen for ¢ because there could have been anelastic strain 
occurring during an interval of as much as 6 sec between the beginning of unloading 
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Fic. 9.—Width, 6, of Hysteresis Loop for Fic. 10.—Maximum Width of Hysteresis 
Several Values of Time Constant, r. Loop, dmax versus Time Constant, r. 


and the first reading at constant (zero) load. Figure 11 shows that the time constant 
could not have been over 0.7 sec, or creep recovery would have been observed after 
unloading. Similarly, considering the 15-sec loading period, the time constant could 
not have been over 1.8 sec, or creep would have been observed while holding the 
load constant at its maximum value. 

Summarizing, if the hysteresis in Fig. 5 were associated with anelasticity, the 
time constant would have to be greater than 30 sec, but the time constant would 
have to be less than about 1 sec to explain the behavior in Fig. 6. From these facts, 
it must be concluded that the observed hysteresis is not an anelasticity phenomenon. 
This conclusion is also consistent with observations that hysteresis in cold-worked 
metal is not a function of frequency. 

Mention should also be made of two additional points of discrepancy between 
anelasticity and the observed behavior. First, anelasticity predicts a symmetrical 
hysteresis loop, while the observed loop is quite asymmetrical, being almost straight 
on the unloading side. Secondly, for the short time constants that are compatible 
with the behavior in Fig. 6, there is so much slope to the curve of anelastic strain 
versus stress that the apparent modulus (slope of the line through the ends of the 
loop) would be less than the initial modulus by much more than is actually observed. 
For r = 0.1 min, for example, Fig. 8 shows a tilt to the loop that spans 10 units of 
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anelastic strain from minimum to maximum stress per 0.2 units of loop width, or a 
range of anelastic strain that is 50 times the loop width. For a measured loop width 
of 190 X 10~* in Fig. 5, this corresponds to a range of anelastic strain of 50 by 190 X 
10-* = 9500 X 10-*. When added to the observed elastic strain (based on virgin 
material behavior) of 2500 X 10~*, an apparent modulus only about one fifth the 
| normal value would be obtained. On the other hand, the apparent modulus that is 
actually observed, Fig. 5, is only 16 per cent less than normal. 

The calculated hysteresis loops shown in Fig. 9 are for continuous loading and 
unloading at constant rates, as shown in Fig. 7(a). The actual tests were performed 
with a period of constant load at zero and maximum, in the manner of Fig. 7(d). 
For these conditions the loading and unloading curves would be given by Eq 3, and 
there would be additional anelastic strain during the subsequent constant load period 
up to a total value of aSAt = 10aS, as shown in Fig. 12. Regardless of the value 


2 1.0 
cy 1000 5 
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ves 0 aie /00| \1000 
3&5 0.01 | 
$*= 0.001 
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0.2 03 0.5 \ 2 3 5 : 
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Fic. 11.—Effect of Time Constant on the Fic. 12.—Shape of Hysteresis Loop (Anelas- 
Anelastic Strain at Constant Load Between t = __ tic Part) for Constant-Load Period at Maximum 
6secandt = «. and Minimum Load. 


of r, all these loops have flat horizontal ends comparable to the loop width. In other 
words, the anelastic strain at constant value of zero or maximum load is of the same 
order as the loop width. In contrast to this prediction from anelastic theory, the 
observed loop had very sharp ends, that is, no observable anelastic strain at constant 
value of zero or maximum load. From this comparison, it must also be concluded 
that the observed hysteresis is not an anelasticity phenomenon. 


SUMMARY AND DISCUSSION 


All the characteristics of hysteresis in cold-worked metal are different from those 
expected from anelasticity theory: 

1. The time constants for creep and cyclic loading are inconsistent with each other 
by at least a factor of 30. 

2. The hysteresis loop is asymmetrical in shape. 

3. The apparent modulus after cold work is much closer to the initial modulus 
than predicted by anelastic theory. 

4. If the minimum and maximum loads are held constant, there should be anelas- 
tic strain, and this strain is not observed. 

5. The hysteresis is not frequency dependent. 
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In the light of these discrepancies, it now appears necessary to reconsider the concept 
that hysteresis within the elastic limit is always an anelastic phenomenon. Much 
work will be required to bring to light the true nature of hysteresis caused by cold 
work. 

Regarding the practical significance of hysteresis due to cold work as a source of 
damping in applications involving vibrations, but little can be said until the nature 
of the phenomenon has been explored more fully. One desirable feature is the in- 
sensitivity to frequency. The hysteresis caused by any anelasticity mechanism is at 
a maximum at a certain frequency and is much smaller at higher or lower frequencies. 
This means that the damping is only fully effective at a particular frequency, which 
: may not be the operating frequency. The damping due to cold work, on the other 

i. hand, would be equally effective at any frequency. 

; The data on effects of temperature on hysteresis due to cold work are particularly 
confusing. From observations that a low-temperature heat treatment at zero stress 
removes the hysteresis observed during room-temperature vibration (10-11), it might 
be inferred that the hysteresis due to cold work would be of no value in applications 
involving vibrations at elevated temperatures, such as steam or gas turbine buckets. 
West (9), on the other hand, presents data to show that the hysteresis due to cold 
work increases as the temperature increases. Considerable experimentation will be 
necessary to clarify these temperature effects. 

The magnitude of the hysteresis due to cold work can be compared with the 
hysteresis due to magnetostriction by means of the following analysis. The logarith- 
mic decrement 6 for magnetostrictive damping is about 0.03 (12). The logarithmic 
decrement 6 corresponding to the hysteresis loop in Fig. 5 can be determined from 
the equation: 


energy dissipated in one cycle 
stored energy at one extreme of the cycle 
pos wa je hore shat? 


fr 3 area under the loop 


Performing this operation with respect to Fig. 5 yields 6 = 0.10. Thus, the damping 


from cold work is three times the magnetostrictive damping. 
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(12) J. W. Clark and W. C. Hagel, “The Spe- 

__ lurgical Engrs., Vol. 147, p. 90 (1942). cific Damping Energy of Fixed-Fixed Beam 
(9) W. A. West, Transactions, Am. Inst. Specimens,” Report DF56SL378, General 

Mining and Metallurgical Engrs., Vol. 167, Electric Co., Materials and Processes Lab., 

p. 192 (1946). ‘Sept., 21, 1956. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
ADVANCES IN ELECTRON METALLOGRAPHY 


This Symposium on Advances in Electron Metallography covers a broad 
range of electron metallography and is not concerned with electron micros- 
copy alone. Four areas of investigation are included: (1) new improved 
techniques in specimen preparation and replication; (2) studies of the micro- 
structure of age-hardenable and heat-resistant alloys; (3) electron probe 
microanalysis; and (4) direct transmission electron microscopy of metals. 
Electron metallography no longer includes only the areas of electron micros- 
copy and diffraction but encompasses broadly all techniques which employ 
electron beam radiation to provide information on the nature of metals. 
This symposium publication, therefore, serves as a review of progress made 
in electron metallography during the past five years. 

The symposium was developed under the sponsorship of Subcommittee 
XI on Electron Microstructure of Metals of ASTM Committee E-4 on Met- 
allography. The papers in this symposium, together with the First Progress 
Report on the Non-Ferrous Task Group, were presented at a committee 
sponsored session Tuesday, June 24, 1958, during the Sixty-first Annual 
Meeting of the Society, Boston, Mass. 

Mr. N. A. Nielsen, of E. I. du Pont de Nemours and Co., Inc., acted as 
Symposium Chairman, and Mr. Irwin Bessen, of North American Philips 
Co., Inc., presided over the session. ; 

The papers presented were: 

Introduction—N. A. Nielsen at 

Techniques Employed in the Electron Microscope Study of Titanium Alloy with 

8 per cent Manganese—First Progress Report of Non-Ferrous Task Group of 
Subcommittee XI on Electron Microstructure of Metals _ 
Vibratory Polishing of Metallographic Specimens for Optical and Electron Mi- 
croscopy—E. L. Long, Jr. and R. J. Gray 7 
Technique for Easy Removal of Direct Replicas for Electron Microscopy—W. | 
H. Bridges and E. L. Long, Jr. : 

Examination of Metals by Transmission Electron Microscopy—F. W. C. Bos- > 

well and E. Smith. \° 

A Study of Dislocations in Thin Aluminum Foils Elongated in the Electron Mi- 

croscope—H. G. F. Wilsdorf 

Microstructure of Age-Hardenable Alloys—J. R. Mihalisin and K. G. Carroll 

An Electron Metallographic Study of the Precipitation-Hardening Process in “ 

Commercial Nickel-Base Alloys—W. C. Bigelow, J. A. Amy, C. L. Corey, 
and J. W. Freeman 

The Application of Electron Diffraction and Electron Microscopy in Studies of 

Minor Phases of Heat-Resistant Alloys—W. C. Bigelow, L. O. Brockway, 
and J. W. Freeman 

Electron Probe Analysis of Segregation in Inconel—L. S. Birks and E. J. Brooks 


These papers have been issued as ASTM Special Technical Publication 
No. 245 entitled “Symposium on Advances in Electron Metallography.” 
The published volume includes a paper not presented at Boston: ‘Selected 
Etchants for Electron Microscope Studies of Magnesium Alloys,” by C. A. 
Moe. The First Progress Report of the Non-Ferrous Task Group was pub- 
lished earlier in Proceedings, Am. Soc. Testing Mats., Vol. 57, p. 454 (1957). ; 7 
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ELEVATED TEMPERATURE STRAIN GAGES 


The papers and panel discussions in this Symposium were presented at a 
special meeting sponsored by the Aeronautical Structures Laboratory, held — 
at the Naval Air Material Center, Philadelphia, Pa., December 4-5, 1957. : 
In view of the subject covered by this Symposium being of considerable con- 
cern to the ASTM-ASME Joint Committee on Effect of Temperature on 
the Properties of Metals, the Administrative Committee on Papers and 
Publications of ASTM sponsored its publication. D.E. Weiss acted as Tech- 
nical Symposium Chairman and Commander H. J. Huester, Assistant Di- 
rector of the Aeronautical Structures Laboratory, was general chairman. 

The papers included in the Symposium are: 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 


Introduction—D. E. Weiss 

Recent Laboratory Evaluation of High-Temperature Strain Gages to 900 F— 
Emmett E. Day 

Progress on Metalfilm Strain Gages—William T. Bean, Jr. 

Advances in Static and Dynamic High Temperature Strain Gage Research— _ 
Richard H. Kemp 

Temperature Compensation of High-Temperature Strain Gages—Edward I. 
Gray, Arthur Grossman, and Melvin R. Rubin 

Laboratory Evaluation of Nichrome-Foil Strain Gage Installations up to 1200 F ; 
—William R. Forlifer 

Optical Strain Gages for Use at Elevated Temperatures—H. K. Howerton ; 

A Facility for the Evaluation of Resistance Strain Gages at Elevated Tempera- _ .- 
tures—R. L. Bloss 

Resistance Measurement of Ceramic-Type Strain Gage Cements—J. W. Pitts, © 
E. Buzzard, and D. G. Moore 

Development of High-Temperature Strain Gage Wire—W. H. Graft 

Evaluation of Several Gage Configurations Fabricated with Armour Alloy “D” — 
—Jack J. Shrager 

Ceramic Coatings for Experimental Stress Analysis—F. B. Stren, Jr. 


Panel Discussion 


Bonding Agents for High-Temperature Strain Gages—Dwight G. Moore 

The Stability of Strain Gage Alloy Wires—Arthur G. Metcalfe 

Foil Gages for High-Temperature Applications—Frank F. Hines 

Temperature Compensation Techniques—Richard Friedman om © 

Problems in Thermal Stress Measurements—D. J. DeMichele : 

Elevated Temperature Strain-Gage Investigations at Grumman Aircraft En- | 
gineering Corporation—Robert J. Stewart 

High Temperature Strain Gage Evaluator—C. K. Martina 

Bakelite Strain Gages for Temperatures Between —320 and 450 F—Donald J. - 
Madsen 

Investigation of Strain Gages for Long-Time Static Testing to 650 F- Herbert — * 
Yanowitz, Irwin Berman, and Alfred Bleiweis 

High-Temperature Strain Gage Testing at Rolls-Royce—D. A. Drew 


Additional Papers 


Development and Application of High-Temperature Strain Gages for Stress 
Measurements in Jet Engines—B. R. Anderson 
The Synthetic Mica Gage—G. A. Brewer 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 230 entitled “Symposium on Elevated Temperature Strain 


Gages.” 
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; SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON _ 
BRITTLE FAILURE OF ROTOR FORGINGS A 


The papers in this Symposium were presented at a Special Meeting at 
ASTM headquarters on November 11, 1957, for Delegates to World Metals 
Congress. It was sponsored by the Task Force on Brittle Fracture of Rotor 


7 Forgings of ASTM Committee A-1 on Steel. 


The papers included in the Symposium are: eT jaar 
Inspection of Large Rotor Forgings—George E. Danner 

Rotor Forgings for Power Equipment Manufacturers—T. G. Foulkes 


The Work of the Task Group on Brittle Failure with Respect to Research—A. 0. 
Schaefer 


Requirements for Turbine and Generator Forgings—A. W. Rankin 

Influence of Geometric Factors on Results of Ultrasonic Testing of Heavy Forg- 
ings—Helmut Krainer and Ekkehardt Krainer 

The Axial Test Bore in Turbo-Generator Rotors —K. Kreitz 


These papers were issued as ASTM Special Technical Publication No. 231, 
entitled “Symposium on Brittle Failure of Rotor Forgings.” 
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traction are discussed in this Symposium. 


ucts, Inc., presided as Chairman of the Session. 
The papers included in the Symposium were: 


Introduction—H. Freiser and G. H. Morrison 


Liquid Extraction—R. L. Pilloton 
Metals Analysis with Thenoyltrifluoracetone—F. L. Moore 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON a 
SOLVENT EXTRACTION IN THE ANALYSIS 


Great interest has been engendered in the past several decades in solvent 

extraction separation methods. Their simplicity, speed, convenience, and | 

versatility have earned for extraction techniques a favored place among — 

separation methods of interest to analysts. The general aspects of metal ex- | 
The papers, with discussions, were presented at the Fourth Session of the - 

Sixty-first Annual Meeting of the American Society for Testing Materials, 

held in Boston, Mass., June 23, 1958. The Symposium was sponsored by — 

ASTM Committee E-3 on Chemical Analysis of Metals through a Sympo-— 

sium Committee under the Chairmanship of H. Freiser, Department of =| 

Chemistry, University of Arizona. G. H. Morrison, Sylvania Electric Prod- 


Convergence of Tie Lines in Ternary Liquid Systems and Its Application to 
The Use of Tri-w-Octylphosphine Oxide in Analytical Chemistry—J. C. White 
8-Hydroxyquinaldine Extractions Applied to the Analysis of Metals—R. J. 


Use of Organic Solvents in Flame Photometry—J. A. Dean 


These papers with discussion were issued as ASTM Special Technical aid 
Publication No. 238 entitled “Symposium on Solvent Extraction in the | 
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STUDIES OF CALCIUM SULFOALUMINATE ADMIXTURES 
FOR EXPANSIVE CEMENTS* 


vit By A. AND G. E. TROXELL? 


u/ 


SYNOPSIS 


Various clinkers of theoretical calcium sulfoaluminate composition were pro- 
duced and then studied by means of chemical analyses, differential thermal 
and X-ray analyses, and petrographic examinations to determine their com- 
pound composition. It was established that the raw materials did form a new 
compound not precisely identified, but which most likely was an anhydrous 
calcium sulfoaluminate. 

A clinker burned at 2480 F, when ground and blended with slag and port- 
land cement and used in 1:2.75 graded Ottawa sand mortars, cured 6 days in 
water and then dried in air 120 days developed final net expansions which 
ranged from 450 to 1800 millionths per unit. For a corresponding clinker 
burned at 2550 F, the final net expansions ranged from 5000 to 10,000 mil- 
lionths per unit. In each case the coarser admixture showed the greatest net ex- 
pansion. Somewhat smaller expansions in concrete may be sufficient for the 
“self stressing” of prestressed concrete. 

The compressive strengths developed by some of the sulfoaluminate ex- 


pansive cements were satisfactory for structural concrete. 
= 


The shrinkage of concrete has always 


been one of its greatest disadvantages 
for structures exposed to drying condi- 
tions. Investigations which have been 
made to determine the factors most re- 
sponsible for the shrinkage of concrete 
have shown that, as affected by the ce- 
ment, it is greater for fine-ground than 
for coarse portland cements, for type 1V 
(low-heat) than for type I (normal) ce- 
ment, for high water-cement ratios and 
for high cement contents. Shrinkage is 
also markedly affected by the mineralogi- 
cal character of the aggregate. 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Research Engineer and Lecturer, Division 
of Civil Engineering, University of California, 
Berkeley, Calif. 

2 Professor of Civil Engineering, University 
of California, Berkeley, Calif. 


Shrinkage is caused primarily by the 
loss of moisture under drying conditions, 
but the concrete will swell again when it 
reabsorbs water. Hence the volume 
changes are reversible, at least approxi- 
mately, depending upon the ambient 
moisture conditions. 


EUROPEAN INVESTIGATIONS 


During the past twenty years, investi- 
gators in Europe, notably Lossier, La- 
fuma, Perre, and Mikhailo , have di- 
rected their attention to the possibility 
of eliminating shrinkage, or even causing 
the concrete to show an appreciable net 
increase in length, by using sulfoalumi- 
nate admixtures in cements to cause con- 
trolled expansions. 

The earliest publication on sulfoalumi- 
nate admixtures is the French patent 
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issued in February 1936 to Etablisse- 
ments Poliet & Chausson, Paris. The 
most aggressive investigator of the ad- 
mixtures covered in the patent has been 
Henry Lossier (1),? of France, and ex- 
pansive cements containing these admix- 
tures are known in Europe as Lossier ce- 
ments. 

_ According to this process, the use of 
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produced by a fusion process or by mix- 
ing of calcium sulfates and aluminates, 
are presumed to react with the alumi- 
nates already present in the portland ce- 
ment to produce hydrated sulfoalumi- 
nates with a large number of water 
molecules. It is indicated in the literature 
that to balance total portland cement 
shrinkage at a given age a sulfoaluminate 
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sulfoaluminate admixtures in the amount 
of 10 to 20 per cent by weight of port- 
land cement results in a controllable ex- 
pansion to overcome or to exceed the 
shrinkage produced by the consolidation 
of the colloidal gels during the setting and 
hardening processes and their subsequent 
drying. These sulfoaluminates, whether 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1008. 
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Fic. 1.—Volume Changes of Neat Cement Pastes (1). 


rich in SO; and sparse in CaO is desirable, 
forming the low sulfate 3CaO-Al,O;- 
CaSO,-12H,0. Where it is desired to 
have high expansions to develop pre- 
stress, or so-called ‘‘self-stress” in steel, 
it is desired to use a composition such as 
to produce the more highly expansive 
form of sulfoaluminate—the high sul- 
fate, 3CaO- AloOq-3CaSO 4-30 to 32H20. 
Recently, V. V. Mikhailov (2), of the 
U.S.S.R., in presenting new develop- 
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ments in self-stressed concrete, indicated 
the advantages of a prehydration pro- 
cedure for a portion of the sulfoaluminate 
admixture in a manner to allow control 
of the reactions between the hydrates of 
the high and low sulfates and to delay 
the formation of the highly expansive 
high sulfate until the concrete had de- 
veloped considerable strength. The Rus- 
sian expansive cement is produced by the 
dry intergrinding of portland cement, 


AND TROXELL 


within limits. Figure 1 shows the general 
effect upon volume changes of neat ce- 
ment pastes when using these materials. 
For a 1:6 concrete mix, the expansion 
would be only about one third that for a 
cement paste. Figure 2 shows the cor- 
responding strengths of 1:3 plastic mor- 
tars (1). In comparison with portland 
cement, expansive cements develop 
strength a little more slowly at first, but 
eventually their strength surpasses that 


i? worse ) 


whereas the Lossier cements are pro- 
duced by the intergrinding of portland 
cement, a fusion product claimed to be a 
sulfoaluminate composition, and a blast- 
furnace slag. 


Characteristics of European Expansive Ce- 
ments: 


It has been found that concretes made 
with the European expansive cements 
shrink upon drying, just like conven- 
tional concrete, but by undergoing an 
initial expansion of a controlled amount 
before drying begins, the net expansion 
after drying may be any desired amount 
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Fic. 2.—Compressive Strength of 1:3 Plastic Mortar Cubes (1). 


It was noted that if the expansion oc- 
curred too rapidly, the bond between the 
particles was not strong enough to hold 
them together, so disruptions of the mass 
occurred. By adequate curing to develop 
strength to resist disruption and by con- 
trol of the rate and amount of expansion, 
a sound expanded product was obtained. 

Some investigators have suggested 
that with larger amounts of the sulfo- 
aluminate component, it would be pos- 
sible for the expansion of the concrete to 
develop tensile stresses in embedded steel 
and thus automatically to produce the 
equivalent of prestressed concrete. Al- 


though the longitudinal restraint of the 
steel strands causes some longitudinal 
compression to develop in the concrete, a 
large part of this compression may later 
be lost due to shrinkage and creep in the 
concrete, as this compression is de- 
veloped at an early age. 

One of the advantages of expansive 
cements is said to be the superior quality 
of the resulting concrete with respect to 
permeability. This results from the clo- 
sure of some voids by the expansion of 
the cement and from the elimination of 
incipient contraction cracks during the 
aging of the concrete (3). 

One disadvantage is that expansive 
cements deteriorate rapidly unless prop- 
erly protected from humid air. For that 
reason they should be packaged in mois- 
ture-proof bags. Another disadvantage is 
that they are not resistant to sea water 
or to water containing sulfates. Further- 
more, aggregates used with expansive ce- 
ments should contain no soluble sul- 
fates (1). 


Calcium Sulfoaluminates: 


It is known that the calcium sulfo- 
aluminates have a major effect in the 
setting process of portland-cement pastes 
and constitute a considerable portion of 
the material hydrated up to the age of 
about 12 hr. Eitel (5), Jones (6), Kalousek 
(7) and others have investigated the sys- 
tem lime-alumina-calcium sulfate-water 
with respect to the formation of the so- 
called high-sulfate (CsA -3CaSO,-32H.0) 
and low-sulfate (CsA-CaSO,-12H2O) hy- 
drates of the calcium sulfoaluminates. 
However, very little information is avail- 
able with respect to the structure of these 
hydrates as defined by differential ther- 
mal analyses, X-ray diffraction spectra, 
and optical constants. 

It appears that the- sulfoaluminate 

- clinker utilized in the manufacture of 
Losier expansive cement should pro- 
vide a source of the anhydrous compound 
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for studies of its properties, the manner 
of hydration, and its influence on the hy- 
dration characteristics of portland ce- 
ment. An examination of this anhydrite 
has been conducted by Lafuma (3). His 
investigations of clinkers of commercial 
production, employing X-ray analysis, 
indicated that, instead of calcium sul- 
foaluminate, the composition consisted 
of about equal parts of free anhydrous 
calcium sulfate and calcium aluminate— 
particularly C;A;—in the amount of 
about 75 per cent of the total clinker. He 
concluded that the same effects could be 
obtained in the production of hydrates, 
such as the high sulfate ettringite (3CaO- 
Al,O3:3CaSO,4-32H2O) through the use 
of a mixture of high-alumina cement and 
calcium sulfate, or by burning a properly 
proportioned mixture of gypsum and 
bauxite. 

The composition cited above, calcu- 
lated to a basis free of impurities is 50 
per cent CaO, 24 per cent Al,O; , and 27 
per cent SO;. Lafuma states that this 
composition is rather high in lime from 
the point of view of a mixture containing 
anhydrous calcium sulfate and calcium 
aluminates. However, from the point of 
view of a pure tetracalcium sulfoalumi- 
nate, which would contain 55 per cent 
CaO, 25 per cent Al,O3 , and 20 per cent 
SO;, it is calculated that the Lossier ad- 
mixture contains a small excess of Al,Os; 
(1 per cent) and a large excess of SO; (9 
per cent). 

In the utilization of sulfoaluminate 
clinkers in expansive cements, there is 
employed a so-called “terminator” or 
“stabilizer,” such as a blast-furnace slag, 
in addition to the major portland cement 
constituent. It issaid that the mechanism 
of termination of the expansive reaction 
is the absorption of excess calcium sulfate 
by the slag (3). Consequently, for a given 
portland cement, the amount, fineness, 
and the nature of the terminator em- 
ployed will be of importance, as well as 
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the amount of free lime present both in 
the portland cement and in the sulfo- 
aluminate clinker. According to M. E. 
Perre (4), “Sulfoaluminate cement is ex- 
tremely sensitive to the presence of free 


ett 


the calcium aluminate C;A;. This would 
not rule out the possible presence of a 
significant amount of a calcium sulfo- 
aluminate as high-temperature equilibria 
have not been determined for the ternary 


TABLE I.~RAW-MIX PROPORTIONS AND COMPOSITIONS FOR POTENTIAL | 
CALC I1UM SU LFOALU UMINATE CLINKERS. 
Clinker A | Clinker B | Clinker C | Clinker D | Clinker E | Clinker F 
Raw mix proportions, parts by weight 
Raw basis: 

Reagent quality 
Calcium hydroxide... . 0.420 0.647 
Aluminum sulfate (anhydrite) . . 0.277 

Industrial gypsum................ 0.188 

Industrial aluminum sulfate (hy- 

drate).... 0.280 0.366 0.140 

South American bauxite 0.369 0.162 0.213 0.266 

Ignited basis: 

Industrial gypsum................ 0.427 0.214 

Industrial aluminum sulfate thy- 

drate).. 3 0.279 0.360 0.140 

South American ‘bauxite. . 0.362 0.185 0.240 0.273 

Computed potential oxide analysis, per- . 
*centage by weight 
to 25.1 | 25.1 31.1 | 24.6 | 31.7 | 27.8 
Potential compound composition, ex- iy 
cesses above composition le 
4 CaO-AlO;-SO;, per cent 
a> wes None None 10.8 0.7 11.0 5.8 
Temperature for incipient fusion of raw a 
mix 


* Includes TiO: . 


lime, a small quantity of which is suf- 
ficient to cause disintegration.” 

In summarizing the literature with re- 
spect to the composition of sulfoalumi- 
nate clinkers it appears that, according 
to Lafuma, the clinker is principally a 
mixture of anhydrous calcium sulfate and 


system CaQ-Al,0;-SO;, and X-ray dif- 

fraction patterns for any ternary com- 

pounds are not available in the literature. 
CURRENT RESEARCH PROGRAM 


As the available references on the 
European investigations do not give any 
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information concerning solid-state ther- 
mal reactions for the ternary system 
CaO-Al,O3-SO3, or other essential de- 
tails on the manufacture of expansive 
cements, the present study was under- 
taken to produce various sulfoaluminate 
admixtures and to determine their char- 
acteristics in combination with portland 
cement. 

The investigation involved the pro- 
duction of a preliminary sulfoaluminate 
composition, using pure materials in two 
different combinations which were 
burned in a differential thermal analysis 
(DTA) furnace, and the production of 


four additional compositions made from — 


commercial materials, small amounts of 
which were burned in an electric furnace 
and larger amounts of which were burned 
in a rotary kiln. 

Differential thermal analyses were 
made on each raw mix to determine any 
critical temperature ranges which could 
indicate the formation of new com- 
pounds. Also, X-ray diffraction patterns 
were determined for each composition 
burned at each critical temperature to 
determine what new compounds, if any, 
were formed, and their temperature of 
formation. 

Each material burned in the kiln was 
ground to three degrees of fineness. Each 
ground material was then blended with 
ground blast-furnace slag and used to re- 
place various percentages of either of 
two brands of portland cement of mark- 
edly different compositions, one of low 
C;A and low alkali content and the other 
of high C;A and high alkali content. The 
resulting cements were tested by noting 
the expansive characteristics and, for 
some conditions, the compressive 
strength of mortars in which they were 
used. 


Manufacture of Sulfoaluminate Clinker 
from Reagent-Quality Chemicals: 


In order to investigate the products of 


thermal reactions at temperatures up to 
1300 C, raw mixes were made with re- 
agent quality materials proportioned to 
yield, on the ignited basis, an oxide 
composition equivalent to that of the 
compound 4CaQ-Al,0O3-SO;. Two raw- 
mix compositions were designed, employ- 
ing different raw-mix ingredients, to yield 
the same oxide composition upon firing. 
The first raw-mix composition, desig- 
nated as composition A in Table I, uti- 
lized reagent quality CaSO,-2H:O (gyp- 
sum), AlO; (alumina), and Ca(OH): 
(hydrated lime) in theoretical propor- 
tions to yield a fired composition of 55.2 
per cent CaO, 25.1 per cent Al,O;, and 
19.7 per cent SO;. The second raw-mix 
composition B utilized reagent quality 
gypsum, hydrated lime, and anhydrous 
aluminum sulfate in the required theo- 
retical proportions to yield the same com- 
position on firing as that for composition 
A. 

A differential thermal analysis was 
made for each raw mix composition to 
record its complete thermal history to 
about 1340 C. Then, by heating succes- 
sive separate samples of each composi- 
tion to a temperature just beyond each 
reaction peak, and making an X-ray 
analysis of each product, it was possible 
to determine the cause of most of the 
peaks. Similar differential thermal anal- 
yses were made for each of the raw-mix 
ingredients—gypsum, hydrated lime, and 
aluminum sulfate. The thermograms for 
the raw materials and the two raw-mix 
compositions are shown in Fig. 3. 

The pronounced endothermic peak at 
about 560 to 570 C for each of the raw- 
mix compositions noted in Fig. 3 was 
caused by the decomposition of the hy- 
drated lime, as indicated in the thermo- 
gram for calcium hydroxide. The thermo- 
grams for both compositions A and B 
show an endothermic reaction between 
1210 and 1240 C attributed to inversion 
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of calcium sulfate from the monoclinic 
to the rhombohedral form. 

No changes were observed in the X-ray 
patterns for either composition in sam- 
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mainder appeared to consist of a con- 
siderable amount of rhombohedral cal- 
cium sulfate, 
X-ray 


and some free CaO. The 
diffraction spectra for the un-— 
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“Fis. Fic. 3.—Differential Thermal Analysis Curves for Raw Materials and Raw Mixes A and B. , 


ples heated to 700 C and to 980 C which 
would account for the endothermic reac- 
tion peaks at about 840 C. The X-ray dif- 
fraction patterns for each composition 
heated above 1300C disclosed inter- 


planar spacings for a compound not 
listed in published literature on X-ray 
diffraction data. The unknown compound 
was a major constituent, and the re- 


known compound in both compositions 
were, in decreasing order of intensity: 


d,A.... 3.75 3.24 2.90 2.65 2.16 


The reaction peaks on the thermo- 
grams at 840 C may indicate the for- 
mation of nuclei of the compound but in 
such small amounts that it was not de- 
tected by X-ray. It was observed that 
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the spacings noted above could be 
detected for samples heated to 1050 C in 
the DTA furnace. Not all the ingredients 
had reacted even at 1350 C, indicating 
that more hold time is required for com- 
plete reaction. 

While in this case, quantitative esti- 
mation of composition from X-ray pat- 
terns is unreliable, it is roughly esti- 
mated from the X-ray patterns that each 
of the compositions, regardless of start- 
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materials of industrial quality. The meth- 
ods of manufacture included the pre- 
liminary use of a DTA furnace, of an 
electric furnace heated by globar ele- 
ments, and of a rotary kiln. 

Four raw-mix compositions were de- 
signed, employing different combinations 
of raw materials, to produce clinkers hav- 
ing nominal CaO contents of 38, 45, and 
52 per cent. As shown in Table I, the 
raw mix for composition C contained in- 


TABLE II.—CHEMICAL ANALYSES OF MATERIALS USED IN INVESTIGATION. 
Percentage by weight. 


Portland Cement Raw Materials for Manufacture of 

ise 2 Commer- Sulfoaluminate Clinkers? 
Dre & Ase 

' No. 1 No. 2 Calcite | Gypsum | Bauxite ys 
24.0 21.3 19.0 0.8 2.0 6.0 None 
2.7 6.4 8.8 0.4 0.1 85.4 30.6 
66.8 62.6 59.5 97.5 41.0 0.4 None 
Loss on ignition............. 0.9 0.9 43 .6° 20.7° 31 .7° 40. 2¢ 
Acid insoluble in 1:3 HCl..... es 4.2 | 


Includes . 
’ Analyses calculated to fired basis. 
© Loss on firing to 2000 F. 


ing materials, contained in addition to 
about 5 per cent free CaO, about equal 
parts of an unknown compound and cal- 
cium sulfate. The relative proportions of 
the reaction products obviously would be 
different under conditions of longer soak- 
ing at the temperature of incipient fusion. 


Manufacture of Sulfoaluminate Clinker 
from Materials of Industrial Quality: 


Based upon the results obtained in the 
_ manufacture of compositions A and B, 
further tests were made employing raw 


dustrial calcite, gypsum, and South 
American bauxite while the raw mix for 
composition E contained calcite, alu- 
minum sulfate, and bauxite. These com- 
positions were designed for a potential 
oxide composition of about 38 per cent 
CaO, 31 per cent Al,O; , and 25 per cent 
SO;. It is noted that such a potential 
oxide composition provides AlsO3 in ex- 
cess of about 14 per cent, and SOs in 
excess of about 11 per cent, as compared 
to the requirements for the compound 
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4CaO-Al,03-SO; (also expressed as 
C;A-CaSO,). 

The raw mix for composition D, as for 
composition E, contained industrial cal- 
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mix for composition F contained calcite, 
gypsum, aluminum sulfate, and bauxite, 
and was proportioned to provide a po- 
tential oxide composition of about 45 per 
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Fic. 4.—Differential Thermal Analysis Curves for Raw Materials and Raw Mixes C. Ms D, E and F. 


cite, aluminum sulfate, and bauxite, but 
was proportioned to provide a poten- 
tial oxide composition of about 52 per 
cent CaO, 25 per cent Al,O;, and 19 
per cent SO;. For this potential compo- 
sition, Al,O; and SO; were present in ex- 
cess of only about 1 per cent. The raw 


cent CaO, 28 per cent Al,O; , and 22 per 
cent SO ;. In this mix Al,O; would be in 
excess by about 8 per cent and SO; by 6 
per cent with respect to the composition 
of the pure compound C;A-CaSO,. 
The chemical analyses of the raw ma- 
terials are shown in Table II, together 


— 
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with a chemical analysis of Lossier ex- 
pansive cement and of two portland ce- 
ments included in subsequent research 
covered in this report. 

Burns in Differential Thermal Analysis 
Furnace.—The differential thermal anal- 
ysis curves for the raw materials em- 
ployed in producing raw mixes for 
compositions C, D, E, and F are shown 
in Fig. 4. Also shown are the curves ob- 
tained for burning each of the raw-mix 
compositions in the DTA furnace. The 
endothermic reactions obtained below 


TABLE III.—OXIDE COMPOSITION OF 
HARD-BURNED CALCIUM SULFOALU- 
MINATE CLINKERS MANUFACTURED 
IN GLOBAR ELECTRIC FURNACE, 


Percentages by weight. 


Oxide Analysis, Clinker | Clinker! Clinker | Clinker 

Ignited Basis Cc D E F 
36.3 | 27.4 | 37.0 | 32.6 
| 41.1 | 51.6 | 39.7 | 45.1 
0.3) 0.6 0.5 0.5 
> 16.6 17.8 | 19.8 | 18.3 
ob 0.0 0.0 0.0 0.0 
0.1 0.0 0.0 0.0 
99.4 | 99.9 |100.2 | 99.6 
Loss on ignition..| 0.3 0.7 0.5 0.4 
Acid insoluble in 

0.6 0.3 0.7 0.8 
Free CaO........| 0.1 | 15.9 0.0 | 2.6 


@ Includes any TiO: . 


400 C upon burning the several raw-mix 
compositions corresponded in general to 
reactions taking place in the raw-material 
components due to losses of water. 

The raw-mix compositions C, D, E, 
and F differed significantly from those 
for compositions A and B in that calcium 
carbonate was employed instead of cal- 
cium hydroxide. Hence, calcium oxide 
became available for thermal reactions 
only at a substantially higher tempera- 
ture than in the burning of compositions 
A and B. This factor is reflected in the 
thermograms in that the maximum endo- 
thermic reactions for compositions A and 
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B occurred at temperatures from 100 to 
150 C lower than for raw mixes contain- 
ing calcium carbonate. It is believed that 
the endothermic reactions between 930 
and 990 C corresponded to the start of 
loss of carbon dioxide from the calcite 
constituent together with considerable 
nucleation of the ultimate calcium sulfo- 
aluminate component of the clinker. It is 
noted also that while the inversion of 
calcium sulfate was again indicated at 
1240 C, the magnitude of the reaction 
was quite small compared to that be- 
tween 930 and 990 C, whereas for raw- 
mix compositions A and B the magnitude 
of the inversion reaction appeared to be 
the major reaction. This indicated that 
the proportion of CaSO, in the clinker 
was quite low for compositions C and D, 
and somewhat higher for compositions E 
and F. 

Burns in Electric Furnace-—The raw 
mixes for compositions C, D, E, and F 
were molded with the aid of water into 
bars 4 in. square and 4 in. long. After 
oven drying, the bars were placed in the 
form of a grillage on a periclase hearth 
brick, and each composition was burned 
separately in an electric furnace at a 
maximum temperature of 1350 C (2460 
F). The temperature in each case was 
raised at a rate such as to obtain the 
maximum temperature at 1 hr after start 
of heating, and the bars were soaked at 
the maximum temperature for 20 min. 
The temperature was dropped to 1000 C 
over a period of 10 min, and the hearth 
supporting the bars was thereafter re- 
moved for rapid air-quenching. 

It was observed that loss of sulfur di- 
oxide commenced upon heating to about 
1000 C, with a maximum rate of evolu- 
tion at about 1340 C. A chemical analysis 
shown in Table III was made for each of 
the clinkers produced. 

Burns in Rotary Kiln.—A series of 
burns, each lasting about 12 hr, was per- 
formed in a rotary kiln which was of 30-ft 
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length and 21-in. inside diameter, with a 
44-in. periclase brick lining in the 10-ft 
burning zone. The kiln was operated at a 
speed of 1 rpm and on a slope of 0.5 in. 
per ft. All burning was conducted under 
oxidizing conditions at a draft of 0.06 in. 
of water maintained by automatic draft 
control. The kiln feed was prepared by 
nodulizing the raw mix to provide par- 
ticles between }-in. and 3-in. diameter 
with a water content of about 15 per cent. 
Raw nodules were fed to the kiln at a 
rate of about 200 |b per hr. Discharged 


TABLE IV.—OXIDE COMPOSITION 


OF CALCIUM SULFOALUMINATE 
MANUFACTURED IN ROTARY KILN. 


with the potential oxide compositions 
from Table I is shown in Table V. It is 
clear that harder burning resulted in 
greater loss of sulfur dioxide and reduc- 
tion from the potential SO; . It is noted 
also that the oxide analysis for composi- 
tion D, soft burned in the rotary kiln at 
2480 F (Table IV), is almost identical to 
the oxide analysis of the same composi- 
tion burned in the electric furnace at 
2460 F (Table III). 

It appears that harder burning results 
in greater amounts of free CaO, possibly 


CLINKERS 


Percentages by weight. 


Clinker C Clinker D Clinker E} Clinker F 
Oxide Composition 

Hard Soft Hard Soft Hard Hard 
Burned Burned Burned Burned Burned Burned 
1.5 1.4 1.0 2.0 1.4 1.4 
0.6 0.8 0.2 0.6 0.3 0.8 

Temperature of burning, deg Fahr...... 2610 2530 2550 2480 2620 2500 


@ Includes any TiO: . 


clinker was rapidly cooled by means of 
an air blast. The time of residence for 
material being burned was about 1 hr 
and 15 min. For each of the four compo- 
sitions C, D, E, and F, about 800 lb of 
clinker was produced at the temperature 
of incipient fusion. For compositions C 
and D, a smaller amount of material was 
produced under a condition of soft burn- 
ing by dropping the temperature about 
50 C below that of incipient fusion. 
Chemical analyses were made for each 
of the six clinkers produced by burning 
in the rotary kiln. A comparison of the 
actual oxide compositions from Table IV 


due to dissociation of some CaSO, pres- 
ent in the clinker, or due to excess lime 
in the composition with respect to the 
stoichiometry of the actual calcium sulfo- 
aluminate formed. This condition is also 
shown for composition F, where the 
rotary-kiln product contained 5.1 per 
cent free CaO as compared to 2.6 per cent 
free CaO for the same composition 
burned at lower temperature in the elec- 
tric furnace. It is noted also that the 
higher the potential CaO content for a 
given composition, the higher the actual 
free CaO in the clinker. It appears, there- 
fore, that raw mixes high in lime are 
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most likely to produce clinker containing 
principally calcium sulfoaluminate and 
free lime, with a minimum of calcium 
sulfate. It is also quite possible that the 
high free lime contents associated with 
the high CaO contents are indicative of a 
ternary compound of different stoichiom- 
etry than the C3;A-CaSO, compound 
assumed in the design of the raw mixes. 

Composition D most nearly ap- 
proached the composition (calculated 
free of impurities) for the expansive ad- 
mixture of Lossier cement described by 
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commercial operations to produce ma- 
terial of uniform quality must be based 
on the burning of all clinker to incipient 
fusion as is done for portland cement. 


X-ray Analysis of Sulfoaluminate Clink- 
ers: 


Analysis by X-ray diffraction was 
made for all of the clinkers produced by 
burning in the DTA furnace, the electric 
furnace, and in the rotary kiln. The X- 
ray patterns represented only the front- 
reflection region of the X-ray spectrom- 


- TABLE V.—POTENTIAL AND ACTUAL OXIDE COMPOSITIONS OF CLINKERS 
PRODUCED IN ROTARY KILN. 


Clinker C Clinker D Clinker E | Clinker F 
Oxide 
Hard Soft Hard Soft Hard Hard 
Burned Burned Burned Burned Burned Burned 
CaO Potential. | 37.9 37.9 51.7 51.7 38.6 44.8 
42.9 | 40.6 | 54.3 | 51.6 | 44.4 | 44.4 
| 
LO Potential. .......... 31.1 31.1 24.6 24.6 31.7 27.8 
sO Potential.....-..... 24.4 24.4 19.2 19.2 24.8 21.8 
13.6 17.2 | 15.9 | 17.7 13.9 21.2 
Total Penne oa | 93.4 93.4 95.5 95.5 95.1 94.4 
94.3 94.3 96.6 94.3 95.7 94.9 
Free CaO....... pe eae 0.1 0.1 20.8 16.7 0.0 5.1 
Lafuma. The table below illustrates the eter. No significant differences were 


similarity in compositions. 


Material CaO} AlsOs 


Lossier admixture, cal- 
culated free of im- 

Composition D 

ae 54 26 16 | 21 
Soft burn..... 52 25 18 17 


50 | 24 | 26 


« Claimed to be low. 


It appears that the expansive admix- 
ture for Lossier cement was considerably 
underburned, and it is logical to expect 
that the excess SO; was present as 
CaSO,. It is believed that successful 


noted in the diffraction pattern for a 
given composition of clinker burned in 
different equipment. Neither were there 
any detectable differences in diffraction 
pattern for a given composition of clinker 
as influenced by soft burning or hard 
burning in tne rotary kiln. In Fig. 5 there 
are shown the diffraction patterns for 
clinkers of composition A and B, burned 
in the DTA furnace, hard-burned clink- 
ers of compositions C, D, E, and F, burned 
in the rotary kiln, and the patterns for 
each of the fired raw materials (fired to 
1300 C) used in the raw mixes for clinker 
compositions C, D, E, and F. 

In Fig. 5 various parts of the patterns 
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Fic. 5.—X-ray Diffraction Patterns for Raw Materials After Firing at 1300 C and for Calcium 


Sulfoaluminate Clinkers. 


Angstrom Units 
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are designated by a reference line for 
which the value of the interplanar spac- 
ing, d, is shown. In general, the diffrac- 
tion patterns are quite similar for the six 
clinker compositions. Examination of 
the patterns for spacings less than 2.0 A 
indicated that compositions A and B are 
significantly different from the remaining 
clinker compositions. The patterns for 
clinkers C and E appear identical, while 
those for clinkers D and F are different 
from each other and from the other clink- 
ers as well. Examination of the patterns 
for spacings greater than 2.0 A indicated 
that all six clinkers are nearly alike in 


TABLE VI.—X-RAY DIFFRACTION 
SPECTRA ATTRIBUTED TO COMPOUND 
4CaO -AlO3-SO3 
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occurs at 3.49 A. The same line appears 
at high intensity in each of the patterns 
for the six clinkers. Therefore, based on 
this single value in the X-ray patterns, 
it cannot be deduced whether this line of 
the pattern is characteristic of AlO;, 
CaSO, , or of the sulfoaluminate clinker. 
However, subsequent petrographic ex- 
aminations showed that free AlsO; is not 
present in any of the clinkers. 

After checking all spectra which could 
be accounted for by compounds listed in 
available X-ray literature, it was found 
that at least nine lines in the patterns for 
the clinkers remained. These are listed in 


TABLE VII.—ESTIMATED COM POUND 
COMPOSITION OF HARD BURNED 
CLINKERS BASED UPON OXIDE COM- 
POSITION AND X-RAY DIFFRACTION 
DATA. 


Percentages by weight. 


Interplanar Spacing, d, A Relative. Intensity 
10 

Less than 10 


composition. In this range, some of the 
highest intensity lines in the patterns for 
the fired raw materials coincide with the 
pattern for some of the clinkers. For ex- 
ample, the maximum intensity line at 
2.40 A in fired calcium carbonate, that is 
CaO, is missing in the patterns for clink- 
ers C and E, is of high intensity in the 
pattern for clinker D, and though present 
it is of weak intensity in the pattern for 
clinker F. It will be recalled that the 
chemical analyses of the clinkers (Table 
IV) indicated no free lime in clinkers C 
and E, about 21 per cent free lime in 
clinker D, and about 5 per cent free lime 
in clinker F. 

For fired gypsum, bauxite, and alu- 
minum sulfate, a line of high intensity 


Clinker | Clinker | Clinker | Clinker 
D E 


Calcium sulfoalu- 


75 65 80 70 
10 5 0 5 
CaSQ,.... 10 5 15 15 
Free CaO. . 0 20 0 5 
Miscellaneous im- 

5 


purities....... 5 | 5 5 


Table VI in the order of their relative in- 
tensities. The three lines of maximum 
intensity in the clinker patterns are at 
3.75, 2.65, and 2.16 A, in order of rela- 
tive intensity. Examination of the data 
indicated that the line at 3.49 A is also 
present in the pattern of the compound 
believed to be an anhydrous calcium 
sulfoaluminate, with a relative intensity 
of about 30, allowing for some reinforced 
intensity due to the presence of small 
amounts of calcium sulfate. 

Based upon a study of the X-ray data 
(conceded to be of limited value for 
quantitative purposes), particularly with 
respect to relative values for the line of 
maximum intensity of each compound, 
and taking into consideration the oxide 
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analyses of the clinkers, the compound 
composition was estimated for clinkers 
C, D, E, and F as shown in Table VII. 
The principal compound in each clinker 
was calculated to be a calcium sulfoalu- 
minate anhydrite, present in amounts 
ranging from 65 to 80 per cent in the four 
clinkers. 

Based solely upon the oxide composi- 
tions of rotary-kiln products, as shown in 
Table IV, calculations were made of the 
probable composition of the calcium 
sulfoaluminates present, correcting for 
contents of free CaO and impurities. 
Whereas the raw mixes were designed on 
the basis of a composition of tetracalcium 
sulfoaluminate (C;A-CaSQO,), the oxide 
compositions remaining after correction 
for impurities and free CaO are fairly 
close to the following: 

For compositions C and E: 


5CaO-2A1.03-SO; 


which can be written 


C;:A-CA-CaSO, (1) 
and for composition D: «_ (ans 

which can written ; 
C:A-3CA-3CaSO, ........ (2) 


and for composition F, a mixture of the 
compounds 1 and 2 and of a considerable 
amount of CaSO, . Obviously a study of 
the ternary system CaO-Al,0;-SO;, to- 
gether with X-ray analysis of thermal 
reaction products, is required to deter- 
mine the true compound composition of 
the rotary-kiln products. It should be 
noted that for the theoretical compounds 
computed, composition D is significantly 
higher in SO; than are compositions C 
and E, and the high free CaO content of 
composition D could be the result of im- 
proper raw mix design for the manufac- 
ture of a potential C;A-3CA-3CaSO, . 
It may be noted also that the theoretical 
compounds 1 and 2 bear some similarity 
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to the low sulfate and high sulfate hy- 
drates C3A-CaSO,4-12H,O and C;A-3 
CaSO,:30 to 32H,O respectively, the 
high sulfate being the most expansive 
hydrate. 


Petrographic Description: 


Petrographic examinations of the six 
clinkers were made by the U. S. Bureau 
of Reclamation in order to estimate the 
composition of the clinkers and the op- 
tical properties of the major constituent 
of calcium sulfoaluminate anhydrite. Oil 
immersion and polished thin section 
techniques were employed, requiring 
high magnification (970 X). Inasmuch as 
the samples of the different clinkers, 
both hard burned and soft burned, dif- 
fered only in the amounts of constitu- 
ents, they were described together as 
follows: 

The texture consisted of a mosaic of 
euhedral to anhedral crystals of micro- 
scopic size (0.01 to 0.015 mm) in a glass 

matrix. Slightly larger crystals appeared 
in zones throughout the clinker indicat- 
ing nonuniform cooling of the melt. The 
predominant mineral appeared as color- 
less euhedral crystals which consisted of 
isotropic cubes and hexagonal plates with 
an index between 1.58 and 1.59. Color- 
less anhedral grains having an index of 
1.58 to 1.59 and low birefringence were ob- 
served in small amounts. This mate- 
rial was considered to be the mineral 
anhydrite (calcium sulfate). The glassy 
material found in moderate amounts 
consisted of amber-colored, anhedral iso- 
tropic grains with a variable index of 
about 1.72, and a small amount of 
rounded grains with an index greater 
than 1.72, considered to be CaO. 

A petrographic analysis by the Field 
Research Section of the Portland Cement 
Assn. gave the composition as consisting 
predominantly of a mineral of heretofore 
unknown X-ray and optical properties, 
small amounts of high-temperature cal- 

cium sulfate, small amounts of CsA, and, 
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in some of the clinkers, free CaO. This 
partly confirmed the estimated com- 
pound composition as given in Table VII. 


On CALcrum SULFOALUMINATE ADMIXTURES FOR CEMENTS 1001 


cent by weight of ground clinker was 
used in all hydration tests. The pastes for 


each condition were cast in 2 by 4-in. 


fr 


Vet 
200 400 600 800 1000 1200 


Temperature, deg Cent 


Fic. 6.—Differential Thermal Analysis Curves for Calcium Sulfoaluminate Clinkers Hydrated 


at 20C. 


HyYDRATES OF SULFOALUMINATE 
CLINKERS 


Samples of soft-burned and of hard- 
burned clinkers of compositions C and 
D, and hard-burned clinkers of composi- 
tions E and F were ground to about equal 
fineness (approximately 4000 sq cm per g 
by air-permeability apparatus) and then 
hydrated. Water in the amount of 70 per 


cylinder molds and kept at 20 C for 24 hr 
before removal of the molds. A complete 
group of six hydrates was thereafter 
stored in water at 20C to age 7 days, 
then dried at 20 C and 50 per cent rela- 
tive humidity to age 14 days. A corre- 
sponding group of hydrates was stored in 
water at 80 C from age 1 to 7 days, then 
dried at 20C and 50 per cent relative 
humidity to age 14 days. The specimens 
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at 80C. 


were then ground for use in studies of 
thermal decomposition, differential ther- 
mal analysis, and analysis by X-ray dif- 
fraction. 


Differential Thermal Analysis of Hy- 
drates: 


Differential thermal analyses were 
made for each of the twelve hydrates ob- 
tained by hydrating samples of each 
clinker at 20 C, and corresponding sam- 
ples at 80C. In Fig. 6 there are shown 
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Fic. 7.—Differential Thermal Analysis Curves for Calcium Sulfoaluminate Clinkers Hydrated 


1000 1200 


the thermal curves for ground clinkers 
hydrated at 20 C and in Fig. 7 there are 
shown curves for corresponding clinkers 
hydrated at 80 C. Above 700 C the exo- 
thermic and endothermic peaks probably 
are the result of recombinations after de- 
hydration, and indicate the same inver- 
sions as noted in the thermal curves for 
raw mixes. There do not appear to be sig- 
nificant differences between hydrates ob- 
tained at 20 C as compared to hydrates 
obtained at 80 C. The 80 C hydrates for 
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_ Fig. 8.—X-ray Diffraction Patterns for Hydrates of Calcium Sulfoaluminate Clinkers. — 
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compositions C and E appear to produce 
substantially the same thermal curves, 
while the hydrates for compositions D 
and F produce thermal curves which dif- 
fer from each other and also from the 
curves for hydrates of compositions C 
and E. Again, there appear to be three 
distinct types of hydrates. The optical 
properties of the hydrates, not available 
at present, may serve to distinguish 
clearly between the three classes of 
hydrates. According to F. E. Jones (in a 
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to register the normal endothermic peak 
typical of calcium hydroxide at about 
560 C. 


X-Ray Diffraction Studies of Hydrates: 


In Fig. 8 there are shown the X-ray 
diffraction patterns for the twelve hy- 
drates. The solid lines normal to the scale 
of interplanar spacings indicate the inter- 
planar spacings which it is believed are 
typical of the whole group of calcium 
sulfoaluminate hydrates. These are, in 


TABLE VIII.—X-RAY DIFFRACTION SPECTRA FOR HYDRATES OF GROUND 
CALCIUM SULFOALUMINATE CLINKERS. 


Tempera- 
Clinker ss Interplanar Spacing, ¢, A Relative Intensity 

deg Cent 
’ 20 9.6 5.57 3.87 100 70 60 
{ 80 96 8.8 4.69 100 60 60 
20 9.6 2.87 8.8 100 
{ 80 9.6 2.87 9.0 100 80 70 
20 9.3 2.87 8.9 100 80 50 
80 8.9 9.6 2.87 100 70 60 
20 9.0 2.87 2.45 100 70 40 
{ 80 89 2 87 46 100 50 30 
E (hard-t ) 20 8.9 9.6 2.87 100 70 70 
80 89 2 87 4.46 100 50 30 
F (hard-burn 20 96 8.8 4.69 | 100 60 60 
80 97 5 64 469 100 80 60 

private communication), his “recent descending order of magnitude in Ang- 


work on the system CaQ-Al,0;-CaSO,- 
H.O at 25 C indicates that three modifi- 
cations of C;A-CaSO, plus water occur in 
the aqueous system, since in addition to a 
longest basal spacing of 8.9 A, normally 
attributed to C;A-CaSO, plus water, 
longest basal spacings of 10.3 A and 9.6 
A have also been observed in ‘moist 
solids.’ ” 

There is no evidence in any of the 
curves of the presence either of hydrated 
calcium sulfate or of hydrous alumina. If 
calcium hydroxide was present in any of 
the hydrates, the amount was insufficient 


strom units, 9.7; 9.6; 9.3; 9.0; 8.9; 8.8; 
5.64; 5.57; 4.69; 4.46; 3.87; (2.87). 

The X-ray diffraction data indicate 
that no calcium sulfate hydrate occurs in 
the 20 C hydrates, and only a trace of 
such is indicated in the 80 C hydrate of 
the hard-burned clinker of composition 
D. There are indications of the presence 
of very small amounts of calcium hydrox- 
ide for the 20 C hydrates of compositions 
C and F, and in the 80 C hydrates of the 
soft-burned composition C. There is no 
evidence of calcium hydroxide in any of 
the hydrates of composition D. This is 
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somewhat surprising when it is recalled 


that the free CaO content of clinker of 
composition D was nearly 20 per cent. 

In Table VIII there are summarized 
the X-ray diffraction spectra for the 
several hydrates, showing only the three 
lines in each pattern having the highest 
intensities. The lines of maximum in- 


_ TABLE IX.—VOLUME CHANGES OF 1: 


oxide compositions (Table IV) also in- 
dicated three basic clinkers of different 
characteristics, that is, C and E, D, and 
F. It appears at this point that the struc- 
ture of the hydrates obtained is de- 
pendent upon, and can probably be con- 
trolled by, the composition of the raw 
mix for manufacture of sulfoaluminate 


2.75 CEMENT MORTARS CONTAINING 


CALCIUM SULFOALUMINATE ADMIXTURES-4 
Expansive Admixture® Length Change, millionths per unit 
ani Specific Surf Soaking) Soaking, d. i 
ment,? |—— days a 
per cent ot eo 1 6 120 1 7 28 = = 
day | days | days 
a 
100 ed 6 12} 38 —34 — — 800, — 908 
ee. BAGS. oie: 73 | DS¢* | 2950 | 22 6 | 2275) 2689) ... ... | 2056) 1789) 1798) 1982 
a 73 DS 3750 | 22 6 | 1658) 1977 pips 1298; 971) 873) 883 
te 73 DS 4150 | 22 6 | 1275; 1500) ... ... | 858) 551' 452) 430 
73. | DS 4150 22 | 120 | 1002) 1262/1650 1415 | 838) 435) 331! 309 
No. 6 73 | DH’ | 3200 | 22| 6 |11523,11692, ... | ... 11086/10534/10412 10294 
ee 73 | DH | 3800 | 22 6 | 8046) 8246; ... | ... | 7523) 7077| 6851) 6770 
73 | DH | 4300 | 22 6 | 6973) ... | . 6216) 5786 5540) 5453 
Ws Driescane 2 73 DH | 4300 | 22, 120 | 6333) 6572 6790 6562) 5537) 5370) ... | 5300 
Bars 1 by 1 by 10 in.; water-cement ratio, 0.50 by weight. 


+ Portland cement No. 1. 

¢ Five per cent slag in all blended cements. 
‘ 4 Blaine fineness. 
- €DS = composition D, soft burned. 
- SDH = composition D, hard burned. 


tensity agree well with values of longest 
basal spacings quoted by Jones. How- 
ever, the available data from X-ray dif- 
fraction, differential thermal analysis, 
and thermal decomposition studies are 
insufficient and inadequate for purposes 
of determining the molar proportions of 
water in the various hydrates. 

It appears, considering only the hard- 
burned clinkers, that three principal 
hydrates were involved—a hydrate of 
low water content for composition F, a 
hydrate of higher water content for com- 
positions C and E, and a hydrate of high- 
est water content for composition D. It 
will be recalled that the X-ray diffraction 
data for the clinkers (Fig. 5) and the 


clinker and upon the control of the burn- 
ing process. 


MANUFACTURE OF EXPANSIVE CEMENTS 


Each of the six sulfoaluminate clinkers 
was ground to each of three finenesses ap- 
proximating specific surfaces of 3000, 
3800, and 4200 sq cm per g as measured 
by the Blaine apparatus. Blended ce- 
ments were then prepared using 22 per 
cent of the sulfoaluminate admixture, 5 
per cent blast-furnace slag ground to a 
Blaine fineness of 4560 sq cm per g and 
73 per cent of portland cement. The 
chemical analyses of the two commercial 
portland cements used are shown in Ta- 
ble II. These two cements, which differed 
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appreciably in their analyses, were se- 
lected so as to evaluate the influence of 
such differences on their suitability for 
use in expansive cements. 


tht 


Volume Change Studies: jis: 
To evaluate the expansive character- 
istics of these cements in comparison with 
those for the cements without any ad- 
mixtures, 1 by 1 by 10-in. mortar bars 
were prepared using a 1:2.75 mix by 
weight with graded Ottawa sand, and a 
water-cement ratio of 0.50 by weight. At 
age 1 day they were immersed in water 
at 70 F, Some were water-soaked 6 days 
while others were soaked 4 months. 
Thereafter they were stored in air at 70 F 
and 50 per cent relative humidity. 
Length changes were observed during 
both the soaking and drying periods. 
Test results for the admixture of com- 
position D in both the soft-burned and 
the hard-burned condition are shown in 
Table IX. All these data are for the mixes 
using portland cement No. 1, as it was 
noted that none of the mixes using port- 
land cement No. 2 were significantly ex- 
pansive, due possibly to its high alkali 
and high C;A contents. The bars contain- 
ing no expansive admixture (condition 
No. 1) acted normally. They expanded 38 
millionths per unit length after soaking 6 
days and had a net contraction of 900 
millionths after drying 9 months. In 
contrast théreto, the bars containing the 
soft-burned clinker DS (conditions 2 to 4) 
expanded 1500 to 2700 millionths per 
unit length while soaking 6 days and re- 
tained an expansion of 400 to 2000 mil- 
lionths after drying 9 months, so that all 
possibility of shrinkage cracking should 
be eliminated. The expansion caused by 
the coarse admixture during 6 days soak- 
ing was about double that caused by 
the fine admixture, and after drying 9 
months the final net expansion for the 
coarse admixture was about five times 
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that for the fine admixture. For condi- 
tion 2, some additional expansion oc- 
curred even after drying for 6 months. 
The initial and final expansions resulting 
from soaking for 120 days (condition 5) 
did not differ much from those for the 
6-day soaking period (condition 4). 

For the hard-burned clinker DH, the 
expansions while soaking 6 days ranged 
from 7000 to 12,000 millionths per unit 
length and after drying 9 months the 
bars still retained a major part of the 
initial expansion, so that these cements 
have potential use for self-stressing pur- 
poses. Again, the coarse admixture de- 
veloped about double the expansion 
shown by the fine admixture, and the 
expansion resulting from the 120-day 
soaking did not differ much from that for 
the 6-day soaking, or even the 1-day 
soaking. 

When the percentage of expansive ad- 
mixture ranged from 10 to 20 to 30 per 
cent of the total cementing material, it 
was noted that the resulting expansions 
increased, for all ages, with increase in 
the amount of the admixture. This in- 
dicated that the amount of the expansion 
could be controlled within limits by ad- 
justing the amount of the admixture used 
in the expansive cement. 

After some of the satisfactory expan- 
sive D admixture had been thoroughly 
exposed in thin layers to the air in the 
laboratory for one week, during the 
season of high atmospheric humidity, it 
was found to have lost much of its ex- 
pansive properties, showing the need for 
care in storing such cements. 

The Lossier cement obtained from 
France did not develop expansions which 
are normally expected for it, but this may 
have resulted from deterioration caused 
by aging. 

In general, clinkers C, E, and F did 
not exhibit satisfactory expansive char- 
acteristics. It is believed that this re- 
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sulted either from the low free lime con- 
tent of these clinkers or the absence of 
the appropriate calcium suifoaluminate 
compound which did not permit the 
necessary expansive reactions to occur. 


Compressive Strength: 


The compressive strength for 2 by 4-in. 
cylinders of 1:2.75 mortars with a water- 
cement ratio of 0.55 by weight was de- 
termined. The specimens were cured in 
water at 70 F to age 7 days and there- 
after stored in air, as for the volume 
change bars. The mortar for the cement 
No. 1 with 20 per cent of the soft-burned 
admixture D of low fineness developed a 
compressive strength of 3680 psi at age 14 
days and that for the admixture of high 
fineness developed a strength of 4405 psi. 
The corresponding value for the mortar 
with the hard-burned admixture D of 
high fineness was 3500 psi and for the 
cement No. 1 without any sulfoaluminate 
mixture, but with 5 per cent of slag as 
for the other specimens, the compressive 
strength was 3860 psi. The mortar 
cylinders for cement No. 2, without any 
sulfoaluminate admixture, developed a 
compressive strength of 4820 psi at 28 
days, while for the same cement with the 
hard-burned admixture D of low fineness 
the corresponding strength was 4650 psi. 

The strength values for the mortars 
containing admixture D show that this 
material is probably capable of serving 
satisfactorily in structural concrete. 

CONCLUSIONS 


The following conclusions may be 
drawn from the investigation: 

1. It is possible to design a raw mix 
from commercial CaO-Al,03-SO3 mate- 
rials which, when burned to incipient fu- 
sion or even slightly below, produces a 
clinker which is predominantly an an- 
hydrous calcium sulfoaluminate com- 
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2. Although this compound could not 
be identified by differential thermal, 
X-ray diffraction, or petrographic anal- 
yses, due to lack of published data on the 
characteristics of such a compound, these 
analyses pointed to the possibility of its 
being a calcium sulfoaluminate of un- 
known compound composition. 

3. A clinker of this type having in its 
oxide composition a total CaO content 
of about 53 per cent and a free CaO con- 
tent of about 19 per cent, when ground 
and used in a blended cement having the 
proportions 20:5:75 of sulfoaluminate, 
slag, and portland cement had definite 
expansive characteristics. 

4. An expansive cement of the above 
proportions, prepared from a soft-burned 
sulfoaluminate clinker and used in 1 by 1 
by 10-in. mortar bars of a 1:2.75 mix, 
water cured 6 days, and then air dried 9 
months may have a net expansion of 400 
millionths per unit for a finely ground 
admixture or 2000 millionths per unit for 
a somewhat coarser admixture. Corre- 
sponding expansions in concrete (say one 
third of these values) could prevent for- 
mation of shrinkage cracks in a concrete 
structure. 

5. For a corresponding cement pre- 
pared from a hard-burned clinker, the net 
expansions of the mortar bars after air 
drying 9 months may be 5000 and 10,000 
millionths per unit respectively for the 
fine and coarse admixtures. The corre- 
sponding smaller expansions for concrete 
may be sufficient for producing self- 
stressed concrete. 

6. For sulfoaluminate clinkers of 
about the same composition as in 3 
above, but containing little or no free 
CaO, the corresponding blended ce- 
ments had no expansive characteristics 
and even produced excessive shrinkage. 

7. Portland cements high in alkalies 
and C;A did not produce expansive ce- 
ments even when blended with these 
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potentially expansive sulfoaluminate ad- 
mixtures. 

8. Expansive cements of the same 
composition as in 3 above developed com- 
pressive strengths satisfactory for struc- 
tural concrete. 
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 VARTATIONS IN PORTLAND CEMENT* 
— — <2 
WALKER AND Detmar L. 

Much ready-mixed concrete is sold Score OF INVESTIGATION ak 


with strength as the basis for acceptance. 
Control of strength is complicated by 
many factors. Variations due to process- 
ing, handling and testing may be mini- 
mized by the producer in cooperation 
with the user, but those due to the in- 
gredients present a more difficult prob- 
lem. 

Lack of uniformity in portland cement 
is an important cause of non-uniform 
concrete strengths. That there are large 
differences in the strength-producing 
properties of cements from different 
sources is well known, although not as 
generally taken into account in concrete 
control as it should be. That significant 
differences, above specification minima, 
occur for different shipments from the 
same mill has not been generally recog- 
nized. 

In a study of the cement variable, 
particularly as represented by different 
shipments from a given source, tests 
were conducted in the Joint Research 
Laboratory of the National Sand and 
Gravel Assn. and the National Ready 
Mixed Concrete Assn. at the University 
of Maryland. Samples were collected 
over a period of one year. Both mortar 
and concrete tests were made. 

* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Director and Associate Director of Engineer- 
ing, respectively, National Sand and Gravel 


Assn. and the National Ready Mixed Concrete 
Assn., Washington, D. C. 


Samples were secured from each of 
five sources every two weeks from Octo- 
ber, 1955, to October, 1956. A sixth ce- 
ment consisting of a blend of five brands 
from the Washington area was thor- 
oughly mixed and stored in sealed 
containers for use as a standard of 
comparison. 

The samples were furnished by mem- 
ber companies selected for geographical 
reasons and as having competent engi- 
neering personnel to supervise their 
collection. They were shipped to the 
University of Maryland in sealed, water- 
proof-paper-lined cloth bags, having a 
capacity of about 35 lb of cement. The 
shipping dates were arranged so that 
samples from the several sources arrived 
at the laboratory on or about the same 
date. When a sample was received, it 
was prepared as specified in ASTM 
Method of Test for Compressive 
Strength of Hydraulic Cement Mortars 
(Using 2-in. Cube Specimens) (C 109)? 
Portions were weighed out in proper 
quantities for individual batches and 
then placed in sealed Mason jars. At the 
same time, two 1-gal containers were 
filled, sealed and set aside for later tests. 

Three principal series of tests were 
conducted at different times. The first 
involved standard mortar tests on all 


2 1956 Supplement to ASTM Book of Stand- 
ards, Part 3, p. 129. 
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samples; the second, concrete tests on 

selected samples; and the third, concrete 

and mortar tests on selected samples. 
The first series (No. 158) was made to 
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triplicate at 3, 7, and 28 days. Accord- 
ingly, each strength value is the average 
of 15 tests. This series involved the mold- 
ing and testing of approximately 7000 


TABLE II.—MIXING WATER REQUIREMENTS AND 
FLOW OF MORTAR (SERIES 158). 


Tabulated values are mixing water in milliliters for standard 9-cube batch (with 740 g cement and 2035 g graded stand- 
ard sand) and flow of mortar in per cent (25 drops of table in 15 sec). Each value average for 5 batches mixed on different 


days. 
Cement Source Number 
1 2 3 4 5 6 

a Flow Flow Flow Flow Flow Flow 
Water, Water, Water, |Water, |Water, Water, 
ml | fent | ™! | ene | ™ | | cent | ™ | | ml cont 
me &. trecirar ee 355 | 107 | 358 | 110 | 358 | 110 | 355 | 106 | 359 | 108 | 380 | 110 
Se Se AeA, Se 355 | 112 | 355 | 102 | 355 | 112 | 355 | 112 | 355 | 105 | 364 | 109 
(ON ae ere ee 355 | 113 | 355 | 111 355 | 110 | 355 | 110 | 366 | 109 
347 | 109 | 355 | 105]... ... | 845 | 112 | 355 | 109 | 373 | 108 
) SS a ae oe 350 | 106 | 359 | 107 | 355 | 112 | 355 | 107 | 359 | 109 | 375 | 106 
| a oe eee, eee 350 | 107 | 356 | 111 | 359 | 106 | 351 | 108 | 346 | 109 | 375 | 113 
Re A ee ee 355 | 111 | 355 | 109 | 352 | 110 | 355 | 112 | 355 | 108 | 375 | 110 
| a RE ae ieee 355 | 110 | 355 | 109 | 350 | 109 | 356 | 104 | 356 | 105 | 375 | 110 
gt ER ppp ere ese 355 | 110 | 354 | 108 | 354 | 110 | 359 | 107 | 349 | 112 | 375 | 108 
| RS ee ee 355 | 112 | 355 | 110 | 350 | 111 | 355 | 109 | 355, | 108 | 367 | 107 
; SY ee ree 354 | 107 | 361 | 106 | 350 | 111 | 353 | 112 | 353 | 106 | 374 | 105 
Ss ag ee. See 353 | 107 | 353 | 107 | 350 | 108 | 355 | 105 | 354 | 109 | 375 | 107 
od Re es ie 355 | 110 | 355 | 107 | 350 | 107 | 355 | 111 | 354 | 110 | 365 | 107 
DEG | Ass 5 cao ddels 355 | 107 | 355 | 107 | 354 | 106 | 355 | 109 | 361 | 105 | 375 | 107 
ee ee aa 353 | 108 | 350 | 110 | 350 | 110 | 352 | 107 | 352 | 107 | 372 | 112 
p ae ee eee 355 | 110 | 355 | 108 | 355 | 112 | 356 | 107 | 356 | 107 | 375 | 112 
| Sk A ee 354 | 111 | 355 | 108 | 353 | 111 | 353 | 108 | 363 | 112 | 368 | 112 
ke ERROR tt 3 353 | 110 | 355 | 108 | 352 | 111 | 352 | 108 | 352 | 106 | 364 | 109 
| eS eee oe 355 | 109 | 355 | 107 | 385 | 113 | 355 | 112 | 365 | 109 | 363 | 112 
355 | 111 ... | 8355 | 111 | 365 | 110 | 365 | 108 
| Se ee ee 363 | 111]... ... | 8349 | 112 | 355 | 109 | 356 | 111 | 361 | 111 
| eee eee ee re er 353 | 112 | 353 | 108 | 350 | 113 | 356 | 105 | 355 | 108 | 360 | 111 
) 2 BP ere er 355 | 112 | 355 | 107 | 355 | 108 | 356 | 105 | 355 | 109 | 359 | 108 
OS ee ane ae 355 | 112 | 355 | 110 | 355 | 113 | 355 | 107 | 355 | 101 | 356 | 106 
| OS) a eae 355 | 113 | 355 | 111 | 359 | 108 | 355 | 108 | 37 107 | 360 | 111 

ae Rees Fe 355 | 108 | 365 | 106 | 359 | 105 | 355 | 106 | 395 | 105 
Yl eee 354 | 110 | 356 | 108 | 353 | 110 | 354 | 108 | 358 | 108 | 369 | 109 
| 8 7 15 9 10 8 14 8 49 ll 24 8 
Per Cent Range....... 2.3 | 6.4 | 4.2 | 8.3 | 2.8 | 7.3 | 4.0 | 7.4 |13.7 |10.2 | 6.5 | 7.3 


develop information on variations in 
strength as measured by ASTM Method 
C 109-56. Five rounds were made on 
different days with each cement sample, 
including a portion of the standard 
sample; each round, including all sources, 
was made on one day. Nine cubes were 
molded from each batch for tests in 


2-in. mortar cubes. The last strength 
tests were made during the first week of 
November, 1956. 

In the second series (No. 158C), 
concrete having a cement factor of 5} 
sacks per cu yd and a slump of 3 to 4 
in., for test at 3, 7, and 28 days, was made 
using samples of cement which had pro- 
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Fic. 1.—Compressive Strengths of Mortar for Repeated Sampling of Cement from Given Sources (Series 158). 
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1014 
duced the highest, median, and lowest 
mortar strengths from each of the five 
sources. The mixing water was varied to 
maintain the slump within the limits 
indicated. The specimens, consisting of 
159 4 by 8-in. concrete cylinders, were 
molded the last week of January and the 
first week of February, 1957. 

In the third series (No. 158D), both 
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series, three samples from each of the 
five sources were selected with principal 
attention to high, median, and low mix- 
ing water requirements. Tests at 3, 7, 
and 28 days were made involving 159 
4- by 8-in. concrete cylinders and 477 
2-in. mortar cubes. Specimens were 
molded from about the middle of March 
to the middle of April, 1957. 
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concrete and mortar tests were made, 


each in constant proportions and with 
constant water ratio, allowing the con- 
sistency to vary depending upon the 
water demand of the cement. The con- 
crete was proportioned 1:2.72:3.95 by 
weight and contained about 5 sacks of 
cement per cubic yard. The mortar 
consisted of a 1:3.8 mix by weight of 
cement and graded standard sand. A 
water ratio of 0.65 by weight was used in 
both the concrete and mortar. For this 
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Fic. 3.—Percentage Distribution of Mortar Strengths About Median (Series 158). 


The coarse aggregate used in both sets 
of concrete was a high-quality quartz 
gravel graded 40 per cent ? to } in., 
20 per cent 3 to ? in., and 40 per cent 
% in. to No. 4. The fine aggregate was a 
siliceous sand having a fineness modulus 
of 2.75. The concrete was hand-mixed 
in 0.25-cu ft batches which were tested 
for slump and unit weight before mold- 
ing three cylinders for compressive 
strength tests at 3, 7, and 28 days. In 
both concrete series, three batches were 
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made on different days for each cement 
sample tested. On each of the 8 days 
required to complete the concrete mixing 
for each series, a companion batch was 
made from the blended control cement. 
Procedures for mixing, molding and 
testing the concrete conformed to ap- 
plicable ASTM standards. 

Auxiliary tests were made to determine 
changes in flow with changes in mixing 
water and the effect of variations in 
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dividual data are too voluminous to 
publish here, but they are available to 
interested researchers on request. 


ASTM C 109 Mortar Tests: 


Table I gives the average strengths of 
the ASTM C 109 mortar for each of the 
bi-weekly samples from the five sources 
and the concurrent tests of the control 
samples. Standard deviations and co- 
efficients of variation, accepted measures 
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COMPRESSIVE STRENGTH AT 28 DAYS, PS! 
Fic. 4.—Relationships Between Strengths at 3 and 7 Days and Strengths at 28 Days (Series 158). 


grading of standard sand on the strength 
of ASTM C 109 mortar. Through the 
cooperation of the Portland Cement 
Assn., chemical analyses and fineness 
tests were made on 15 samples of ce- 
ment, the three from each of the five 
sources used in series 158C. These rep- 
resented the maximum, median, and 
minimum strength levels revealed by 
the standard mortar tests. 


Test RESULTS 


This report gives the average results 
for the various test conditions. The in- 


of uniformity, are also included. Table 
II gives the mixing water requirements 
and the consistency of the mortar as 
measured by the flow tests. The strength 
data are shown graphically in Figs. 1, 2 
and 3. 

The tables and diagrams indicate 
clearly that the cements from the five 
sources varied significantly from ship- 
ment to shipment. It is apparent that 
the ranges in strength for them are con- 
siderably higher than for the ‘“conirol”’ 
(source 1), for which 26 tests on the same 
carefully prepared and preserved cement 
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were made. Figure 1 shows shipment-to- the strength variability can be derived 
shipment variations in strength for the from the values of standard deviation 
three ages, expressed in psi. In Fig. 2, and coefficient of variation given in 
the same data, averaged for the three Table I. On the basis of sample-to-sample 


TABLE IV.—COMPARISONS BETWEEN STRENGTHS OF MORTAR AND 
CONCRETE OF CONSTANT WATER-CEMENT RATIO (SERIES 158D). 


Mortar strengths average of 9 cubes from 3 batches mixed and tested in accordance with ASTM Method C 109 except 
that proportions were fixed at 1 to 3.875 by weight with water-cement ratio of 0.65 by weight. 

Concrete strengths average of three 4 by 8 in. cylinders from separate hand- batches of fixed proportions, 1 to 2.72 
to 3.95 by weight, with water-cement ratio of 0.65 by weight; aggregate quartz sand and gravel graded from 0 to 3/4 in.; 
sand 41.25 per cent total aggregate; combined fineness modulus 5.01. 


Mortar Concrete 
Compressiv: Compressi 
Sample* Flow, Strength, Water, sl Weight, pel 
per, gal per | per 
cent cu yd° . cu ft 

3 Days|7 Days|28 Days 3 Days|7 Days}/28 Days 
All 98 | 1033] 1580) 2537) 37.0 | 5.6 | 146.0) 1645) 2830) 4225 
No. 14 99 | 1509) 2302} 3084) 37.0 | 6.4 145.9} 2105) 3435) 4480 
No. 26 92 | 1354) 2072) 2868] 37.0 5.4 146.0) 1850) 3320) 4415 
No. 2 98 | 1250) 1837; 2521) 36.8 5.6 | 145.4) 1735] 2890) 3815 
No. 12 100 | 1091) 1675) 2781) 37.2 4.3 | 146.9 1510, 2730) 4435 
No. 25 92 857| 1356) 2401) 37.2 3.2 146.8) 1095) 2000} 3630 
No. 22 103 720) eee 2019) 36.9 | 5.3 145.8, 1000) 1800) 3285 
No. 4 98 968) 1261) 1991) 37.2 6.2 146.6) 1490) 2080; 2960 
Source 4....... No. 23 86 900) 1316) 2011) 37.1 3.6 | 146.6) 1350) 1975) 3070 
No. 7 90 726} 1100! 1757| 37.0 | 4.0 146.0) 1145| 1800) 2640 
No. 10 91 1257 “al 2949) 37.1 4.6 | 146.5) 1745) 2855) 4370 
Source 5....... No. 6 102 1223] 1798] 2737) 36.7 5.9 | 144.5) 1910) 3000) 4315 
No. 25 76 951 -— 2148) 37.3 | 2.8 | 147.2 1315, 2085} 3485 
No. 6 83 | 1001) 1500; 2500, 37.1 5.2 146.4 1440} 2350; 4005 
Source 6....... No. 24 91 949} 1457| 2327) 37.0 | 4.7 145.8) 1325) 2170) 3710 
No. 9 81 771 1168) 2253) 37.0 | 4.5 | 146.1) 1095 1870) 3635 


* Same as samples tested in series 158; arranged for each source approximately in descending 
order of mortar strength in that series. 

> For fixed quantity of mixing water (364 ml in 9-cube batch). 

¢ Slight variation from design quantity of 37 gal per cu yd results from small differences in meas- 
ured unit weight. 


4 Control sample; each value average for 8 batches which provided 24 cubes for each test age in 
the case of mortar and 8 cylinders for each age for concrete. 


test ages, are shown as percentages of coefficients of variation, all five sources 
the over-all average for each source. In showed considerably poorer uniformity 
Fig. 3, the percentage strengths at each than the “control.” These coefficients 
age have been arranged in order of de- range from 7.9 to 11.7 per cent, as com- 
scending magnitude. In all three dia- pared with only 2.9 per cent for the “‘con- 
grams, the wider vertical distribution for  trol,’”” when values for the three ages are 
the five sources than for the control is averaged. Even for the lowest variation 
apparent. of any outside source, 7.9 per cent for 
A more quantitative comparison of No. 6, the likelihood of its greater varia- 
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tion than the control (2.9 per cent) 
being a coincidence, and not due to 
actually greater variability, is less than 
1 in 1000. 

Among the outside sources, No. 5 
produced a significantly higher coefficient 
of variation than the other four. Differ- 
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The sudden change in cement No. 5 is 
also reflected in the considerably greater 
mixing water required for mortar made 
with these two samples, as shown in 
Table II. The fact that the change did 
not occur earlier and that it was so sud- 
den and so large may be considered 
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Fic. 5.—Relationship Between Compressive Strengths of Constant-Slump Concrete (Series 158 


C) and C 109 Mortar (Series 158). 


ences in variability among sources 2, 3, 
4, and 6 probably were not great enough 
to be significant. However, that the 
variations in strength shown for samples 
from these sources reflected actual dif- 
ferences in the cement is supported by 
the chemical analyses in Table VIII, 
discussed later. 

In the case of cement No. 5, its higher 
coefficient of variation can be attributed 
entirely to the low strengths produced 
by the last two samples, Nos. 25 and 26. 


more potentially damaging than if the 
cement had been “uniformly” variable. 

Although the variability of mortar 
strength seems to decrease slightly with 
age at test, it appears that whatever 
characteristics of the cements caused the 
variations were active at all ages. This is 
demonstrated in Fig. 4 which shows the 
relationship between 28-day and 3- and 
7-day strengths for the different sources. 
In all cases, except for the control, there 
is a good relationship among strengths 
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‘Mortar (Series 158 D). 


COMPRESSIVE STRENGTH OF MORTAR, PSI 
Fic. 7.—Relationship Between Compressive Strengths of Constant-Water-Ratio Concrete and 


6000 - 
a © 3 DAYS 4 
x 7 DAYS 
© 28 DAYS ° 
x ° 
4000}- x 7 
WwW 
= 
2000 
SOURCE } SOURCE 2 SOURCE 3 
= (CONTROL) 
z 
ec 
= 4000 
oy” 7 
& 
a 
° 2000 “ 
e 
SOURCE 14 SOURCE 5 SOURCE 6 
| | 
0 2000 4000 0 2000 4000 ° 2000 4000 6000 
COMPRESSIVE STRENGTH OF MORTAR, PSI 
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at the three ages. In the case of the con- 
trol cement, the range in strength was so 
small at all ages that no relationship is 
indicated, suggesting that its strength 
differences were due to minor testing 
variations. 


Strength of Concrete Versus Mortar: 


Comparisons of concrete and mortar 
strengths are shown in Tables III and 
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a 
ay 


October, 1955 to October, 1956. As al- 
ready pointed out, only three samples 
for each of the five sources were used in 
this concrete—representing the high, 
median, and low strengths revealed by 
the mortar tests. Figure 5, where points 
for all sources are plotted, shows an 
excellent relationship between concrete 
and mortar strengths, and Fig. 6 shows 
a similarly good one for each source 
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IV (a) and (6) and in Figs. 5, 6, and 7. 
A remarkably good correlation is shown 
between the two measures—concrete and 
mortar—of the strength-producing prop- 
erties of the cements. 

Table III and Figs. 5 and 6 compare 
the strengths of the 5}-sack constant- 
slump concrete made in January and 
February of 1957 with the ASTM C 109 
mortar made during the period from 


individually. While a large proportion of 
the spread in strengths is due to the in- 
clusion of the three test ages, it is ap- 
parent from Figs. 5 and 6 that the mortar 
provided a good indication of concrete 
strength at each age. 

Table IV and Fig. 7 compare the con- 
stant-water-ratio concretes and mortars. 
Again three samples from each of the 
five sources were tested, selected with 


| 
| 
| 
q 


principal emphasis on water demand. 
The slumps of concrete and the flows of 
mortar were allowed to vary as influenced 
by the water requirements of the cement. 
The correlation is even better than shown 
in Figs. 5 and 6. The diagram for the 
individual cements, corresponding to 
Fig. 6, has not been included, but the 
line in Fig. 7 fits the individual cements 
excellently. 

The constant-water-ratio concrete in 
Table IV can be compared with the 
ASTM C 109 mortar for the appropriate 
samples from Table I. Diagrams making 
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of 4880 to a low of 4060, an over-all 
spread of 820 psi. It is of interest from a 
practical standpoint to compare this 
variation with those due to other factors. 

The difference between 4880 psi and 
4060 psi can mean a difference in re- 
quired cement content of about ? of a 
sack per cu yd. That is to say, the ce- 
ment requirement would have to be 
increased by this amount if the needed 
average strength were 4880 psi, but the 
cements were so variable as to drop 
periodically to the lower level of strength- 
producing potential. From the age- 


TABLE V.—EXPECTED VARIATIONS IN STRENGTH OF 
CEMENTS FROM DIFFERENT SOURCES. 


Values based on normal probability distribution using 28-day sample-to-sample standard deviations shown in Table I. 


Deviation Below Average Strength, to be Expected 
ae Cement 1 time in 10 1 time in 20 1 time in 100 
psi per cent psi per cent psi per cent 

158 3.1 202 3.9 286 5.6 
435 8.1 558 10.4 789 14.7 
464 9.4 595 12.0 842 17.0 
313 8.5 401 10.9 568 15.4 
667 12.3 855 15.8 210 22.3 
314 6.8 403 8.7 570 12.3 

Average 2 to6......... 439 9.0 562 11.6 796 16.3 


* Control sample, blend of 5 brands. 


such comparisons are not included in 
this paper, but they show a strength cor- 
relation substantially as good as for 
Figs. 5, 6, and 7—perhaps somewhat 
better than Fig. 5 and not quite as 
good as Fig. 7. That this should be 
so is made clear by Fig. 8 where the 
strengths of the constant-water-ratio 
mortar are shown in relation to those for 
the C 109 mortar. 


Significance of Variations: 

The significance of variations in ce- 
ment from the same mill is well illus- 
trated in Table III. For the 28-day tests, 
the average strengths of the five cements 
from outside sources ranged from a - 


strength data in Table III, a comparison 
can be made between the times required 
for high- and low-testing cements to 
attain a given strength. The lower test- 
ing samples from the various sources 
required 28 days to attain an average 
strength of 4060 psi, whereas the high- 
testing shipments could be expected, 
from the relationship shown, to provide 
this same strength in only about 12 days. 

‘he variability in strength contributed 
by within-source cement variations can 
aiso be compared with that resulting 
from poor control of mixing water. If 
concrete intended to have a slump of 
1 to 2 in. were allowed to be used with 
6 to 7 in., the penny strength reduc- 


! 
| 


tion would be about the same as the 
difference shown in this investigation 
between average high- and low-testing 
samples from the same source. Recent 
data on strength-producing properties 
of coarse aggregates provide another 
basis for evaluating the contribution of 
cement variability to strength varia- 


ent aggregates is smaller than that shown 
here for different shipments of cement 
from the same source. 

Still another approach to evaluating 
the variability of the different cement 
sources is illustrated in Table V. It shows 
the amount by which the strength for 
individual samples may be expected to 
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| EACH POINT REPRESENTS AVERAGE OF | 
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AGE, DAYS (LOG SCALE) 
Fic. 9.—Age-Strength Relationships for Mortars Made with Cements from Different Sources 


(Series 158). 


tions.’ Sixteen coarse aggregates, differ- 
ing widely in origin and physical char- 
acteristics, produced compressive 
strength levels ranging from 8 per cent 
below to 8 per cent above average in 
concretes of the same cement factor and 
slump. This range for completely differ- 


3 “Studies of Flexural Strength of Concrete, 
Part I—Effects of Different Gravels and Ce- 
ments,” Joint Research Laboratory Publication 
No. 1, The National Sand and Gravel Assn., 
and the National Ready Mixed Concrete Assn. 


fall below the average strength for the 
particular source one time in 10, one in 
20, and one in 100. For example, the data 
show that only one time in 100 would the 
28-day mortar strength for the “control” 
cement be expected to fall below the 
average by as much as 286 psi or 5.6 
per cent. For the outside sources, the 
minimum strength deficiency for the 
one in 100 chance was about 570 psi or 
12.3 per cent, and the maximum was 


: 


1210 psi or 22.3 per cent for cements 6 
and 5, respectively. 

Although concrete strength variations 
are caused by a variety of factors, it is 
clear that lack of uniformity of cement 
ranks high among them. 


Effect of Age on Strength and Strength 

Variation: 

Age-strength relationships for the six 
cement sources are shown in Fig. 9. 
The slopes of all the curves are sub- 
stantially the same except for cement 


TABLE VI.—EFFECT OF VARIATIONS 
IN MIXING WATER ON FLOW AND 
STRENGTH OF ASTM METHOD C 109 
MORTAR (SERIES D55). 


Tests made in strict accordance with ASTM Method 
C 109 except that quantity of mixing water was fixed at 
various levels to determine effect on flow and strength. 

Batches consisted of 740 g of cement (Lot 3081, blend 
of 5 brands used for this series only), 2035 g of graded 
standard sand and indicated quantity of mixing water. 
Each value average for 3 batches mixed on different days; 
compressive strengths are averages for 9 2-in. cubes, 3 


from each batch tested at each age. 

Water- Compressive Strength, 

Mixing Cement | Flow, pe 
Water, ml |Ratio by |per cent 

Weight 3 Days| 7 Days| 28 Days 
S80. <-> 0.446 80 | 2530 | 3735 | 5056 
ye 0.459 91 | 2434 | 3572 | 5035 
350..... 0.473 102 | 2349 | 3460 | 4922 
see 0.486 112 | 2243 | 3502 | 4973 
eee 0.500 120 | 2178 | 3404 | 4852 
Sees wdula 0.514 130 | 2130 | 3259 | 4834 


No. 4, which displayed slower strength 
development at later ages than the 
others. The curves also demonstrate the 
wide range in strength levels attained 
by the different cements, with the 
spread amounting to about 800 psi at 
3 days, 1300 psi at 7 days, and 1700 psi 
at 28 days. 

Although, as shown in Table I, 
strength variations followed the same 
trends at all test ages, the magnitude of 
percentage variability became less as 
age increased. Sample-fo-sample co- 
efficients of variation displayed a con- 
sistent downward trend with increasing 
age. However, it is interesting to observe 
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that the downward trend in coefficient 
of variation, particularly between 7 and 
28 days, is due only to the increase in 
average strength, not to a reduced stand- 
ard deviation. 


Miscellaneous Tests: 


To provide background information 
on the significance of variations in mix- 
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Fic. 10.—Effects of Mixing Water Variation 
ea and Strength of C 109 Mortar (Series 


ing water and consistency of mortar 
and concrete, as well as to check on pos- 
sible sources of variation in mortar 
strength test results, two supplementary 
groups of tests were made. Data from the 
first group, which was intended to show 
the relationship of changes in mixing 
water of ASTM C 109 mortar to flow 
and strength, are shown in Table VI 
and Fig. 10. 

Figure 10 shows that the flow of 
ASTM C 109 mortar was changed one 
percentage point for each 1 ml difference 
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in the amount of mixing water in a stand- 
ard 9-cube batch. As was to be expected, 
increasing the flow by increasing the 
mixing water caused the compressive 
strength to be reduced. However, over 
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the effect of variations in sand grading 
on the strength of ASTM C 109 mortar. 
During the course of the principal mortar 
strength investigation, all bags of the 
standard sand were tested for sieve 


TABLE VII.—RESULTS OF MORTAR STRENGTH TESTS FOR 
DIFFERENT GRADINGS OF OTTAWA SAND. 


Tests made in accordance with ASTM Method C 109. For each sand grading, 3 batches of mortar were made, from each 
of which 9 2-in. cubes were molded and tested in groups of 3 at 3, 7 and 28 days. Values are averages for the 3 batches. 


Sand Grading 
Item 
Fine Medium Coarse Average 
Per cent retained on: 

— be 
Actua, Test Data 
Water-cement ratio.................... 0.496 0.480 0.466 0.481 
112 107 103 107 
Compressive strength, psi: 

4937 4982 5218 5046 

Data ApsusTep To Unirorm or 107° 
Water-coment ratio..............0.20.- 0.489 0.480 0.472 0.480 
Compressive strength, psi: me 

Compressive strength, per cent of average: = 


* Mixing water used in 9-cube batch with 740 g cement and 2035 g graded standard sand. 


> Based on data in Table VI and Fig. 10. 


the range in flow of 100 to 115 permitted 
by ASTM Method C 109, the effect on 
strength was quite small. At 28 days, the 
data show a reduction in strength of only 
about 100 psi or 2 per cent for an in- 
crease in flow from the permissible 
minimum of 100 to the permissible 
maximum of 115. 

Table VII gives data from a study of 


analysis. At least three tests were made 
on each bag, from the top, middle, and 
bottom, to assure that any variations 
due to segregation, as well as those due 
to differences between bags, would be 
detected. 

Out of the 169 sieve analyses, there 
were 15 cases of minor violations of the 
ASTM grading requirements. In 12, the 
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percentage retained on the No. 50 sieve 
fell below the minimum limit of 67 
per cent (least value 64.0 per cent) and 
twice it exceeded the maximum of 77 
per cent (greatest value 78.9 per cent). 
One test showed only 95.4 per cent re- 
tained on the No. 100 sieve, a technical 
violation of the 96 per cent minimum. 
In spite of the variations of individual 
sand samples, there was only one case 
where the average sieve analysis for an 
entire bag was outside the prescribed 
limits. In that instance, the average per- 
centage passing the No. 50 sieve was 
65.5 per cent, whereas the permissible 
minimum is 67. 

Since the sand was sampled dry, it is 
probable that much of the variation in 
grading could be attributed to segrega- 
tion of the test samples. That effect 
would be expected to be much less in the 
larger portions of sand used in mortar. 
Nevertheless, to determine if there was 
any possibility of sand grading having 
been a factor in strength test results, a 
supplementary group of mortar tests 
was made. 

Mortars were prepared in accordance 
with ASTM Method C 109 using three 
sand gradings produced by sieving the 
sand into individual sizes and recom- 
bining it for each batch. One grading was 
finer than the finest individual test 
(fineness modulus 1.55 as opposed to 
1.60); one was coarser than the coarsest 
test (fineness modulus 1.84 as opposed 
to 1.82); and one represented the median 
of the ASTM limits (fineness modulus 
1.72). Three batches were made on dif- 
ferent days with each grading. Nine 
2-in. cubes were molded from each batch 
for tests in triplicate at ages of 3, 7, and 
28 days. 

As evidenced by the water-cement 
ratios in Table VII, mixing water re- 
quirements of the mortars decreased as 
the sand became coarser. However, there 
was also an accompanying reduction in 
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flow which, although within the toler- 
ances of ASTM Method C 109, ac- 
counted for some of the difference in 
mixing water and, hence, in strength. 
Therefore, in the lower portion of the 
table, water ratios and strengths have 
been adjusted to a flow of 107 on the 
basis of the data presented in Table VI 
and Fig. 10. 

The net effects of grading differences 
on strength were relatively small. Based 
on averages for the three test ages, cor- 
rected for differences in flow, strengths 
ranged only from 2 per cent lower to 2 
per cent higher than the average. With- 
out correction, the range was only about 
+3 per cent. When it is considered that 
these data encompass more than the 
extreme range in grading of individual 
sand samples, it is clear that variations 
in strength displayed by the different 
cements were not attributable in any 
significant degree to variability of sand 
grading. This conclusion is reinforced 
by the fact, discussed earlier, that all 
strength variations for the ‘‘control” 
cement were very small, as were also 
the differences from batch to batch for 
individual samples of a given cement. 


Variations in Mixing Water Require- 
ments: 


ASTM Method C 109 requires that 
flow of the mortar be maintained be- 
tween 100 and 115, with mixing water 
being adjusted to permit staying within 
those limits. Table II gives the quanti- 
ties of mixing water used in the original 
mortar tests and the resulting flows for 
the standard 9-cube batches. Values are 
averages of the five batches mixed with 
each sample. 

Since the flow table was calibrated 
periodically and testing conditions and 
temperatures were very closely con- 
trolled, it would appear that the required 
mixing water for the uniform “control” 
cement should have remained constant. 
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While there were minor variations, 
probably due to personal equation and, 
perhaps, also differences in humidity, 
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—Mixing Water-Consistency Relationships for Cements from Different Sources (Series 


158, 158C, and 158D). 


the average mixing water for the 5 
batches representing a given sampling 
period rarely deviated more than 1 or 
2 ml from the over-all average of 354. 
All outside sources showed a larger 


MIXING WATER, 


spread in mixing water than the “con- 
trol,” although perhaps not signifi- 
cantly so for cement No. 2 (range 15 
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ml), No. 3 (10 ml) and No. 4 (14 ml). 
The ranges for cements 5 and 6 appeared 
to be significantly greater, being 49 
and 24 ml, respectively. However, in 
the case of cement No. 5, the range is 
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reduced to only 16 ml if the last two Figure 11, in which flow is plotted 
samples are omitted. The different against mixing water content, appears | 
variations in water demand were of to show that, within the range permitted , 
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Fic. 14.—Relationship Between Strength and Tricalcium Silicate Content of Cements (Series 
158 and 158 C). 
necessity accompanied by about the by ASTM Method C 109, the variations 
same variations in flow for all cements in flow were not related to the changes 
because of the flow limitations imposed in quantity of mixing water. The group- 
by ASTM Method C 109. ing of points in narrow vertical bands 


44 


for cements 1, 2, 3, and 4 suggests that, 
for them, a fixed quantity of mixing 
water probably could have been used 
without significantly increasing the 
spread in flow. For cements 5 and 6, 
however, it appears that the changes in 
mixing water were necessary to main- 
tain the flow within the prescribed 
limits. In other words, Fig. 11 bears 
out the inference made above that only 
cements 5 and 6 showed evidence of 
having important variations in mixing 
water demand from shipment to ship- 
ment. 

It might be thought that changes in 
water-cement ratio of mortar resulting 
from variations in water demand could 
account for some or all of the sample- 
to-sample strength variations of cement. 
However, as shown earlier, in Fig. 10, 
strength was only slightly affected by 
rather large intentional differences in 
water and flow. Further evidence that 
strengths were not generally related to 
water demand is provided in Fig. 12 
where strength of ASTM C 109 mortar 
is plotted in relation to mixing water 
content. Only in the case of source No. 5 
is there evidence that the large varia- 
tions in strength, found for all cements, 
were accompanied by changes in water 
demand. For that cement, the two 
samples which required significantly 
more than average mixing water also 
produced the lowest strengths. With 
these two samples included, a reasonably 
convincing curve could be drawn through 
the points showing an inverse relation- 
ship of strength to water requirement; 
without them, no relationship exists. 


Miscellaneous Relationships: 


Some miscellaneous relationships are 
shown in Figs. 13 and 14. In the upper 
left corner of Fig. 13, the mixing water 
requirements of ASTM C 109 mortar 
are plotted in relation to the mixing 
water requirements of the constant- 
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slump concrete. Were it not for the 
erratic sample No. 26 from source 5, no 
relationship would be discernible, and 
the one shown is of doubtful validity. 

The rather good relationship in the 
upper right corner between water re- 
quirement of ASTM C 109 mortar and 
flow of constant-water ratio mortar 
suggests that there were real differences 
in mixing water requirement of mortar 
from shipment to shipment. At the 
same time, it appears from the other 
portions of the diagram that these 
differences are reflected to only a limited 
degree in concrete. This should prob- 
ably be expected since the effects of 
cement differences on consistency would 
logically be less pronounced in concrete 
than in mortar. 

Nevertheless, it is interesting to ob- 
serve that, while no good over-all 
correlation exists between mortar and 
concrete so far as consistency or water 
demand is concerned, the cements from 
individual sources do tend to reveal a 
consistent pattern. For example, for all 
sources but No. 6, the slump of constant- 
watei-ratio concrete decreased pro- 
gressively with increasing water re- 
quirement of the ASTM C 109 mortar 
as shown in the lower left portion of 
Fig. 13. Similarly, for individual cement 
sources, the slump of constant-water- 
ratio concrete tended to increase as the 
flow of the constant-water-ratio mortar 
increased, as shown in lower right. 

In considering the significance of 
strength comparisons based on the two 
types of concrete (fixed water ratio or 
constant slump), it is of interest to note 
that cements which produced low 
strengths also tended to have low slumps 
in the fixed water ratio concrete. Thus, 
if the water had been increased to 
provide a constant slump, as would be 
necessary under field conditions, strength 
deviations from the median would have 
been even greater than indicated. 
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Relationship of Cement Strength to Com- 
pound Composition: 


Table VIII shows oxide analyses made 
by the laboratory of the Portland 
Cement Assn., compound compositions 
calculated therefrom, and results of 
fineness tests for the three cement 
samples from each outside source which 
had produced highest, median, and 
lowest strengths in the ASTM C 109 
mortar. In Fig. 14, the mortar and 
concrete strengths for these samples 
have been plotted in relation to trical- 
cium silicate content. Except for cement 
source No. 6, there is a good general 
relationship showing increased strength 
with increased percentages of tricalcium 
silicate. In fact, for sources 2 through 5, 
the mortar strengths at each test age 
fall in exactly the same order as the 
percentages of tricalcium silicate. The 
same is true for concrete strengths 
except in the case of sourte 5 where the 
difference between the high and median 
tricalcium silicate content was less than 
one percentage point and the corres- 
ponding concrete strengths were es- 
sentially the same. For source No. 6, 
the over-all range in tricalcium silicate 
was quite small and the spread in fine- 
ness was greater than for any other 
source. These factors may account for 
the apparent lack of a relationship 
between tricalcium silicate and strength 
for that cement. 

The chemical analyses strongly sug- 
gest that there were variations in the 
manufacture of the cements which were 
reflected in their chemical composition 
and which caused different shipments to 
have different strengti-producing prop- 
erties. 


CONCLUSION . 


Data from the several groups of tests, 
involving mortars and concretes made 


with a large number of cement samples 
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from several sources, show the following: 

1. Shipment-to-shipment variations in 
strength-producing properties of ce- 
ments from five commercial sources were 
large in relation to the variations which 
could be attributed to testing differences. 

2. Differences in strength, as meas- 
ured by tests of standard mortar, were 
reflected in the strength of concrete. 

3. The variability in strength for all 
five cement sources was sufficiently 
great to be of considerable importance 
in controlling the strength of concrete. 

4. The pattern of strength variations 
for a given source of cement was similar 
at all test ages. That is, samples which 
were low-testing at one age were also 
low at the other ages. 

5. The well-known differences in 
strength development of cements from 
different sources were again demon- 
strated here. Based on the average of 
all samples and all test ages, there was 
a spread, between the highest and 
lowest testing sources, of 45 per cent of 
the over-all average mortar strength. 

6. Sample-to-sample standard devia- 
tions (psi) tended to remain fairly 
constant at all test ages for a given 
source of cement. Because of the increase 
in strength with age, there were pro- 
gressive reductions in coefficients of 
variation (in per cent) as age increased. 

7. Except for source No. 5, the 
shipment-to-shipment variations in 
water demand for mortars were small 
and their reflection in the slump of 
concrete was probably of little practical 
significance. In any event, the impor- 
tance of consistency variations were 
greatly overshadowed by the large 
variations in strength. 

8. Supplementary tests showed con- 
clusively that normal variations in 
consistency, within the limits permitted 
by ASTM Method C 109, or variations 
in grading of standard sand during the 
progress of the work, could not have 
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been a significant source of variations in 
mortar strength. 

9. There was strong evidence that 
differences in strength-producing prop- 
erties of cements were directly related 
to their tricalcium silicate content. It 
may be, therefore, that chemical analyses 
could be used to provide advance warn- 
ing of probable strength variations. 

10. This research points to the need 
for better control of the uniformity of 
cement production within individual 
sources. 
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Mr. R. H. Brink! (presented in of attempting to control the variability 


written form).—The paper provides data 
that have been needed for some time. 
Those concerned with the production or 
use of concrete soon recognize that some 
variations in the strength of concrete are 
not related to such factors as aggregates, 
mix design, or the handling process. The 
real cause of such variations often goes 
unidentified because we are prone to 
suspect improper handling or testing of 
test specimens whenever no other ex- 
planation is apparent. The authors are 
to be congratulated for the effective 
manner in which they have defined that 
part of the observed variations which 
should be attributed to nonuniformity of 
the cements themselves as opposed to 
that inherent in the testing procedure. 

The interest of the Bureau of Public 
Roads in this subject has been heightened 
in recent years by the concern shown by 
some state highway departments over the 
variable behavior of cement from the 
same mill. In a survey covering 43 states 
conducted in 1955, it was found that 13 
state highway departments made ex- 
tensive use of type IT instead of type I 
cement, and 7 states had introduced 
modifications of the usual requirements 
for type I or IT cement. A need for greater 
uniformity in finishing characteristics 
and strength development generally 
accounted for the reluctance of these 
states to use normal type [ cement. 

A question arises as to the feasibility 


1 Physical Research Engineer, 
Public Roads, Washington, D. C. 


Bureau of 


of cement by such measurable factors as 
chemical composition and fineness. To 
study this matter, test results, originally 
obtained through the normal acceptance 
testing program of a state highway 
laboratory, were examined. The varia- 
bility of the 21 different cements repre- 
sented is of particular interest because 
the governing specifications limited the 
tricalcium silicate to 50 per cent, the 
tricalcium aluminate to 15 per cent, and 
the turbidimeter fineness to 2100 sq cm 
per g. 

The accompanying Fig. 15 shows the 
coefficient of variation of the 28-day 
compressive strength of mortar for all 
samples meeting the above requirements. 
Each bar on the lower axis represents all 
samples of cement obtained from a single 
mill over a period of several years. The 
testing variation indicated is that found 
by Walker and Bloem to be the sample- 
to-sample variation for their control 
cement. This factor would vary slightly 
from laboratory to laboratory. It is 
evident that most of the cements repre- 
sented show considerable variation above 
that which can be attributed to testing 
variation even though they were subject 
to the additional requirements mentioned 
above. 

One of the conclusions of the paper 
under discussion points to a relation 
between strength and tricalcium silicate. 
Such a relation would seem to indicate 
that the uniformity of cement would be 
improved if close control were main- 
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tained over the tricalcium silicate con- 
tent. This possibility was explored by 
selecting only those samples from each 
cement which had a tricalcium silicate 
content within +2.5 per cent of the 
average. This procedure resulted gener- 
ally in reducing the number of samples 
nearly 50 per cent. The differences be- 
tween the coefficients of variation for 
this selected group of samples and the 
coefficients for all samples are plotted 
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Fic. 15.—Variation of 28-day Compressive Strength of Mortar for Cement from the Same Mill. 


on the middle axis of Fig. 15. For 14 out 
of the 21 cements, the indicated differ- 
ences are not considered significant be- 
cause they are less than the standard 
error which was calculated ‘for each 
coefficient of variation. Those differ- 
ences which are considered significant 
are marked by a check and indicate that 
the variability of some, but not all, 
cements can be lessened by closer con- 
trol of the tricalcium silicate content. 
The additional effect of controlling 
fineness more closely was also investi- 
gated. From the samples selected for their 
uniform tricalcium silicate content, a 
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further refinement was made by select- 
ing only those samples which did not 
vary in fineness more than +100 sq cm 
per g from the average. The differences 
between these coefficients and those for 
all samples are plotted on the top axis 
of Fig. 15. With both the tricalcium 
silicate and fineness closely controlled, 
significant decreases in variation were 
found for 11 of the 21 cements. For only 
5 cements, however, was the additional 


Control 
CS + 2.5 per cent 
Fineness + 100 sq cm per gm 
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decrease due to control of fineness as 
much as 1 per cent over that due to 
control of C;S content alone. This analy- 
sis indicates that a large part of the 
variation in strength-producing proper- 
ties of cement results from variations in 
the manufacturing process itself. 
Slightly less variation would probably 
have been indicated for each cement if 
the number of samples collected during 
each year had been large enough to 
permit basing the coefficients on single 
rather than several years’ production. 
Some idea of the magnitude of this 
reduction can be obtained by the com- 
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parison afforded in Fig. 16 where the 
coefficients of variation of four cements 
are shown as calculated by the two 
methods. The left bar for each cement 
represents the variation of samples over 
a 3-yr period whereas the right bar is an 
average of the variation among samples 
obtained during each of the 3 yr. 

The authors have amply demonstrated 
the difficulties that may arise when the 
strength of concrete is subject to varia- 
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Mr. M. A. Swayze.2—As the authors 
point out, it is a well-known fact that 
from brand to brand over this country 
you will find various inherent strengths in 
cements. That is natural. Raw materials 
from different sources in the country 
have very definite cement-making prop- 
erties. When it is considered that the 
differences in composition in going from 
one area to another, it is surprising that 
we have the uniformity that is shown 
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Fic. 16.—Variation of 28-day Compressive Strength of Mortar for Cement from the Same Mill 


should be noted that variation in finish- 
ing characteristics, or more specifically 
rate of hardening, may be equally im- 
portant for the proper conduct of high- 
way paving operations. Variations in the 
setting characteristics becomes most crit- 
ical when temperatures are high. The in- 
creased use of retarding admixtures has 
also served to focus attention on the var- 
iable rate of hardening of cement from 
the same mill. Variation in setting prop- 
erties is more difficult to define than 
variation in strength but is a matter 


equally deserving of study. “t 


Then there is potential composition. 
You will find certain areas in this coun- 
try where all of the producers in the 
area have a composition of raw material 
which lends itself very handily to pro- 
duction of high inherent strengths. By 
this means you will often find in these 
areas higher strengths than in other 
sections of the country. 

Coming down to the variation in a 
single plant’s product, a good deal de- 
pends upon the methods of controlling 
quality. There are still some plants con- 


? Director of Research, 
Corp., New York, N. Y. 
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trolling on the basis of tensile strength 
of mortars. Nothing is more apt to give 
high variation in compressive strength 
of concrete than the assumption that be- 
cause you have uniform tensile strength 
you are going to have a uniform con- 
crete-making strength. There is another 
point that the authors brought out. 
The tricalcium silicate content of cement 
has a direct bearing on the strength- 
giving properties. I am surprised to hear 
though that variations in SO; content 
had no direct bearing on the strength 
properties. 

There is one thing necessary in the 
average cement plant, and that is a 
high degree of control of the amount 
of gypsum that is added to the clinker. 
The lower the gypsum addition, the 
lower the early strength development: 
Also the ultimate strength will be 
somewhat lowered. 

Again, you will find some places in the 
industry where there are rather wide 
yariations in the silica content of raw 
materials. Plants of that sort that are 
attempting to control their composition 
of raw mixes by just the analysis for the 
carbonate portion can have considerable 
variation in tricalcium silicate content. 
Fortunately, the day of control by cal- 
cium carbonate alone seems to be rapidly 
waning. With new X-ray. methods of 
analysis of raw material mixtures, I 
think the day will soon come when we 
will design raw mixtures before they 
are ever burned to a constant C;S con- 
tent. 

Coming back to the other part of the 
authors’ paper, first of all I want to 
compliment them on their tolerance. 
Some of the variations they have shown 
must seem to some ready mix contractors 
to be unreasonable. On the other hand, I 
heartily agree with what they said, that 
strength alone in the design of concrete 
is not enough. If we could only persuade 
engineers and architects to design con- 
cretes on something more than strength, 


and low strength at that, we would be 
far better off in the cement industry and 
in the concrete industry. Thirty years 
ago, a 2500-lb concrete was supposed to 
be high-grade concrete, and it was. You 
could not make this concrete with less 
than about 6 sacks of cement per yard. 
There was cnough dense paste present to 
make the concrete practically imper- 
meable. It was more resistent to weather- 
ing conditions. Now, what is the case? 
Architects and engineers are still speci- 
fying 2500-lb concrete, and where it 
used to be good concrete, now it is poor 
concrete. You can make 2500-lb con- 
crete today with 4 sacks of type I or 
type II cement, or you can get it with 
33} sacks of type III cement, and either 
one is definitely lousy concrete, if it 
must withstand weathering. Sometime 
and soon I hope we can get a meeting of 
minds on this question. If engineers, 
architects, concrete designers will either 
step up their strength requirements, or 
else put in a minimum cement factor 
which will allow production of imperme- 
able concrete, I think we will be far 
better off. This work of the authors has 
put us a long way on the road to under- 
standing in the cement and concrete 
industries of the needs of the situation. 

Mr. Epwarp A. Aspun-Nur’® (by 
letter)—-The authors have done an out- 
standing piece of work in setting forth 
quantitatively, the variations in cement 
that most concrete engineers have recog- 
nized qualitatively. They are to be highly 
commended for this excellent piece of 
work. 

The data indicate that there exist 
variations in cement from the same 
source, which can be detected by routine 
physical and chemical tests. One must 
agree with the authors’ conclusion that 
there is need for better control of uni- 
formity of cement from _ individual 


sources. 
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The control cement, which was taken 
all at one time, blended and stored in 
sealed containers, shows some variations 
(series 158) in spite of extreme care in 
handling and preparation. These varia- 
tions must be attributed to personal 
equations of the laboratory technicians, 
variations in handling, variations in 
testing which cannot be entirely avoided 
with the best care, and variations due to 
the preparation of specimens at various 
time intervals. Similar unavoidable var- 
iations in the handling and testing must 
be allowed for the other cements, which 
would then reduce their apparent over- 
all variations. 

That cement could be made more 
uniformly is indicated by the lower 
variability of three of the five cements 
tested. The large variability exists be- 
cause of the range permitted by standard 
specifications. If the amount of variation 
reported is undesirable, then narrowing 
the range in the specifications would force 
a reduction in the variability, or a limit 
on variability may be introduced in- 
stead. 

Although the data presented in Figs. 5, 
6, and 8 provide general trends, it does 
not seem to the writer that such trends 
are sufficiently reliable for definite con- 
clusions regarding the relationships of 
mortar and concrete specimens, inasmuch 
as the mortar specimens and the con- 
crete specimens were not prepared at the 
same time and were thus subject to 
different testing variables. Figure 7 on 
the other hand, which shows results of 
mortar and concrete specimens made 
concurrently, indicates a valid general 
relationship—the stronger mortars made 
stronger concretes. It would be interest- 
ing to know how the coefficients of varia- 
tions of the mortars and the correspond- 
ing concretes in this series (158 D) 
compare. 

It is true that more variables enter 
into concrete than into mortar, but some 


of these variables may counteract one 
anothers’ effects rather than be cumula- 
tive—if not always, at least part of the 
time. Thus, variations in cements may 
greatly influence variations in concrete 
strengths, provided other variables do 
not counteract them. Because of this 
possibility, the writer does not under- 
stand the emphasis placed on the prob- 
abilities shown in Table V, particularly 
that they apply to mortars only, when 
most engineers are concerned more with 
concrete. 

The authors contend that variations in 
aggregates do not result in as large varia- 
tion in concrete strengths as do those 
from cements. This may be so under 
laboratory research conditions, but the 
writer has repeatedly observed in the 
field, variations in the plastic concrete 
that were large enough to be detected 
visually, and that were obviously due to 
variations in aggregates. On the other 
hand, variations in cement are rarely 
large enough to be detected visually. 

The authors have provided some very 
thought-provoking information. It is 
natural that the more variable the in- 
gredients that enter concrete, the more 
difficult it is to control the final product. 
Therefore, more uniformity is needed 
not only in cement but also in aggregates 
and other ingredients. Most frequently 
in actual operations, the handling of 
materials, batching, and mixing may 
introduce variables that outweigh the 
variables in the materials. Therefore, 
proper control of these operations will 
help to minimize the influence of the 
variations in the materials on the final 
strength. 

Mr. WALTER K. Wacner* (by let- 
ter)—This investigation does a fine job 
of evaluating the inherent variations in 
cement quality from the standpoint of 
strength and consistency when consid- 
ered over a period of time. 
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_ ASTM Committee C-1 reported in 
1955° on an “Investigation of the Level 
of Strength Development of Domestic 
Portland Cement.” Although this in- 
vestigation was made primarily to com- 
5 Report of ASTM Committee C-1, Appendix 
II, ‘Investigation of the Level of Strength 
Development of Domestic Portland Cement,” 


Proceedings, Am. Soc. Testing Mats., Vol. 55, p. 
378 (1955). 
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pare machine and hand-mixed mortars 
for ASTM Method C 109, it also showed 
that considerable variation existed in 
the quality of cements as tested by the 
63 manufacturers of portland cement and 
16 consumer testing agencies who partic- 
ipated in the program. It was stated in 
this report that “the Sponsoring Com- 
mittee realized that the strength re- 
quirements in ASTM Specifications C 150 
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and C 175° might need revision also 
by reasons other than the effect of the 
type of mixing on the strength of mortars. 


TABLE IX.—COMPARISON OF ACTUAL 
PSI 34-IN. AGGREGATE MIX AS TESTED BY 


developed currently by domestic port- 
land cements.” It is the opinion of this 
writer that Committee C-1 should con- 
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average strength................ 80. 0} 85.6 | 79.8 84.7 | 84.0 | 87.8 | 89.7 | 86.8 | 86.8 | 83.7 | 80.3 | 78.3 | 83.5 
NUMBER OF FAILURES 
1/0 |}o |o Jo Jo Jo | 6 
0 |3 |3 |o jo Jo |o jo] 
1 |o | 4 [6 Jo Jo J 13 
Per CEenT FAILURES 
| 6.5|10.2'10.5| 4.8, 0 9.31 2.910 | 9.5 
Theoretical.............. 9,110.4) 6.6, 3. 6. -5)15.5,10.6)10.6, 9.0/2.3) 1.0 9.6 


TABLE X.—STATISTICAL DATA FOR 
3000 PSI 34-IN. AGGREGATE MIX. 


2 
gth for 
period, psi 
Number 


of Tests 
| Standard 
Deviation 
Variation 


Average 
Stren, 
Coefficient of 


Oct., Nov., Dec., 
Jan., Feb., Mar., 
Apr. 28-day beows 380 | 459 |12.5 
Jun., July, 7-day | 2338|178 | 413|17.7 
Aug., Sept. 28-day | 3430 178 | 448 /13.1 


T-day | 2453, 377 | 421 |17.1 


The Working Committee on Strength 
was therefore requested to make an 
exhaustive study of the level of strengths 


6 Specification for Portland Cement (C150 
56), 1958 Book of ASTM Standards, Part 4. 
Specification for Air-Entraining Portland Ce- 
ment (C 175 — 56), 1958 Book of ASTM Stand- 
ards, Part 4. 


sider the data presented by the authors 
and all other available data very care- 
fully with a purpose pointed toward an 
ultimate revision of cement specifications 
to prevent such widespread variation. 

It might be argued by some persons 
in the industry that the situation is not 
serious. But this writer has recognized 
for a period of at least ten years that 
cement variation does play an important 
part in the control of ready-mixed 
concrete and last year presented a re- 
port? which covered several years of 
laboratory and field test data showing 
a considerable variation in car-to-car 
shipments of each of two brands shipped 
into the New Mexico market. 


7 Walter K. Wagner, ‘“Cement Testing Pro- 
gram of a Concrete Producer,’’ presented at the 
27th Annual Convention of the National Ready 
Mixed Concrete Assn., Los Angeles, Calif., Feb. 
14, 1957. 
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The variation experienced in New 
Mexico has been a definite seasonal one. 
The accompanying Fig. 17 is a bar chart 
of the monthly summary of concrete 
tests made during the full six-year period 
of 1952 to 1957 inclusive. All tests were 
reported by a single commercial testing 
laboratory on concrete produced and 
sold as a commercial mix by Albuquerque 
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A comparison of actual to theoretical 
failures for this period is shown in the 
accompanying Table IX. The close ap- 
proximation of theoretical to actual fail- 
ures indicates reasonably correct assump- 
tions of our design factors. The summer 
months, however, or those of peak de- 
mands on the cement mills, show failures 
in excess of the assumed 1 in 10 while the 
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Fic. 18.—Relation of Cement Shipments to Compressive Strength of a Single Class of Concrete 


Gravel Products Co. The mix was de- 
signed to produce an average strength of 
3600 psi or 20 per cent over the required 
3000 psi at 28 days. The design was based 
on water-cement ratio curves established 
from field tests by the same commercial 
laboratory in order to include all of the 
contingencies of batching, mixing, sam- 
pling, and testing. A coefficient of varia- 
tion of 13.3 per cent and an assumed 
limit of failures of 10 in 100 required the 
20 per cent -overdesign. 


other months generally show failures be- 
low the assumed value. If these data are 
analyzed for the “up quality” for the 
eight-month period of October—-May, in- 
clusive, and the “‘down quality” of the 
four-month period of June—September, 
inclusive, then approximately equal val- 
ues can be obtained for coefficients of 
variation but a difference of 230 psi in 
average compressive strengths for 28 

days shown in Table X. 
Although this difference might not 
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seem significant, it amounts to almost 8 
per cent of the required strength, enough 
to be concerned about during the summer 
season. This has resulted in our use of 
two sets of mixes for the two seasons with 
an average cement increase of about one 
third of a sack of cement per cubic yard 
of concrete for the summer period. At an 
average cost in this area of about $1.20 
per sack, the added cost per cubic yard 
is about 40 cents. It would be difficult 
indeed to try to pass this cost on to the 
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that he will take liberties in adding water 
because of the premium in strength. 
Then if quality falls off suddenly, all 
parties concerned can find themselves 
in trouble. 

Figure 18 shows the relation of 
monthly averages of compressive 
strengths to shipments of cement in 
New Mexico during the 1952-1957 
period, the latter figures having been 
taken from reports by the U. S. Bureau 
of Mines. The ratio of compressive 


pressive Strength of One Class of Concrete. 


consumer. Our assumptions for design of 
mixes are based on practice recom- 
mended by the American Concrete 
Inst. To use mixes throughout the year 
that would be adequate for the summer 
season only would impose an ultimate 
penalty on the consumer and would 
develop strengths of 50 per cent or more 
over those required during the period of 
maximum strength quality. Sometimes 
this ‘false security” will develop such 
confidence in a product by a contractor 

8 “Recommended Practice for Evaluation of 
Compression Test Results of Field Concrete 
(ACI 214-57)” Proceedings, Am. Concrete Inst., 


Vol. 53, p. 575 (1956-57). See also Journal, Am. 
Concrete Inst., July 1957. 
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Fic. 19.—Comparison of 6-yr Averages of Cement Shipments to New Mexico and 28-day Com- 


strengths to cement shipments dramati- 
cally illustrates the seasonal variation 
which obviously is due to peak or slow 
periods of production by the mills. The 
comparison is shown as a direct correla- 
tion in Fig. 19. The relation might be 
considered quite good, especially in 
view of the fact that the shipments to 
Albuquerque Gravel Products Co. 
amounted to only 8.6 per cent of total 
cement shipments into the state for that 
period. It should be pointed out that 
there are no mills in New Mexico. Ce- 
ment is shipped from California, Colo- 
rado, Kansas, Oklahoma, Texas, Utah, 
and Wyoming. At least 95 per cent of 
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the cement involved in these tests, 
however, was produced by two mills. 

The authors’ paper also brings out 
variations in mixing water requirements 
for concrete but minimizes the impor- 
tance of this factor as compared to 
strength. This may be so for the cements 
involved in this investigation, but it has 
been the experience of this writer, both 
in the laboratory and in the field, that 
water demand has been significant from 
a practical standpoint. 

Other factors have been apparent from 
time to time such as complaints of work- 
ability, uncoated aggregate particles, 
difficulty in finish troweling, flash set, 
and premature stiffening. These charac- 
teristics have occurred at times when it 
was definitely known that aggregates or 
temperature could not be the cause. 

This is not a problem unique in New 
Mexico. Other ready-mixed concrete 
operators in Pennsylvania, Ohio, Texas, 
Oklahoma, Colorado, Arizona, and Cali- 
fornia have indicated similar perform- 
ance by cements in their areas. It is well 
understood that cement suppliers have 
been under great pressure to keep up 
with the ever-increasing demand, but 
with new mills being put into service 
and older mills being geared for higher 
production, it seems that the time has 
come when we should expect more uni- 
formity in the product of those mills. 
Committee: C-1 should review present 
specifications with this end in mind. 

Messrs. STANTON WALKER AND DEL- 
MAR L. BLoEeM (authors’ closure) —The 
authors are appreciative of the construc- 
tive discussion of their paper. The 
unanimous agreement that there exist 
wider variations in the strength-produc- 
ing properties of cement than are de- 
sirable augurs well for improved controls 
in manufacturing processes. The very 
nature of the raw materials from which 
cement is produced and of manufacturing 
methods makes it clear that some differ- 
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ences, even substantial differences, must 
be expected for different periods of pro- 
duction. On the other hand, it is equally 
clear that many of the differences exper- 
ienced go far beyond the necessities dic- 
tated by the conditions of cement man- 
ufacture. 

What can be done about it? The 
answer is suggested by the superior 
performance of two of the five mills 
tested. Evidently better controls existed 
for these two mills than for the other 
three. A possible answer is suggested by 
the new controls being incorporated in 
recently constructed plants and referred 
to briefly in Mr. Swayze’s discussion. 

The authors suggest that specifications 
for cement should be reviewed to deter- 
mine if the general institution of better 
controls might not be expedited by revi- 
sions in specifications. We shall not 
venture to say just what these revisions 
should be, but we would point out that 
type I cement, used in greatest volume, 
is virtually unlimited as to chemical 
composition. This is to be contrasted 
with type II with its several chemical 
requirements. Perhaps, also, there should 
be some limitations on variations in 
characteristics: for example, an upper 
and lower limit on fineness and, similarly, 
upper and lower limits on certain of the 
chemical constituents. This is not an 
uncommon approach in many specifica- 
tions. 

The data presented by Mr. Brink 
offer most helpful evidence, supple- 
menting that in our paper, that strength 
variations are associated with measurable 
characteristics of the cement such as 
fineness and amount of tricalcium 
silicate. 

We agree wholeheartedly with Mr. 
Swayze regarding the over-emphasis on 
measured strength as the prime criterion 
of acceptability of concrete. Certainly, 
the strongest concrete is not always the 
best. Nevertheless, until strength is 
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viewed in its proper perspective as only 
a general indication of over-all quality 
(and certainly not a quantitative meas- 
ure of load-carrying capacity), the 
concrete producer must contend with the 
fact that arbitrary strength limits have 
to be met. Mr. Swayze expressed surprise 
that we did not find better agreement 
between strength and SO; content. That 
relationship was investigated but it 
failed to show a well-defined correlation. 

Mr. Abdun-Nur’s concern over the 
fact that the mortar and concrete tests 
which correlated so well were not made 
concurrently does not seem justified. 
That circumstance, if anything, would 
be expected to make the indicated rela- 
tionship more obscure rather than to 
enhance it. Hence, the fact that such an 
excellent correlation existed, in spite of 
the time element, bolsters the evidence 
that mortar strength of cement is a 
direct indication of its concrete strength- 
making properties. 

What Mr. Abdun-Nur says about the 
important effects of variables other than 
cement on concrete strength is very true, 
although not particularly related to the 
tests under discussion, where there was 
no opportunity for such variations to 
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occur. Progress in the control of con- 
crete will not be made if we condone 
lack of uniformity in one factor because 
other factors also cause variations. Dif- 
ferences in concrete due to proportion- 
ing which can be “detected visually” 
may very well be of much less importance 
than those which reveal themselves only 
after considerable elapsed time. 

Mr. Wagner’s contribution is particu- 
larly valuable in that it demonstrates the 
practical importance of cement varia- 
bility. It is also of interest that he found 
low strength levels associated with pe- 
riods of peak cement production and 
warm weather. To the extent that peak 
production was the significant factor, 
strength variations should be control- 
lable within the manufacturing process. 
To the extent that the detriment of high 
temperature to concrete strength was 
the significant factor, the seasonal varia- 
tions might well be outside the control 
of the cement manufacturer. In this 
connection, however, it should be kept 
in mind that our tests were conducted 
under standard temperature conditions 
and, hence, the variations reflect actual 
differences in the characteristics of the 
cements rather than seasonal effects. 
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The user of portland cement, except 
for some special uses, wants a product 
which, when mixed with aggregates and 
water, yields a concrete that does not 
stiffen very markedly during about the 
first 30 min after mixing and then 
hardens fast enough to give a fairly 
high strength in 24 hr. Such a cement is 
said to have normal setting properties, 
although normal in this case is not very 
clearly defined. However, if the concrete 
stiffens markedly during the first few 
minutes after mixing, the cement is 
classed as either flash or false setting. 

Calcium sulfate was adopted as a 
material to grind with portland-cement 
clinker to prevent flash set. After Rankin 
and Wright (1)? reported that the prin- 
cipal compounds in portland cement 
were 3CaQ-SiO,, 2CaO-SiO, and 
3CaO-Al,O; , technologists (2, 3) studied 
the individual compounds for setting 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 Director of Research, Research Labora- 
tories, Universal Atlas Cement Co., Buffing- 
ton, Ind. 

The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1049. 
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po AERATION CAUSE OF FALSE SET IN PORTLAND CEMENT* | 
By W. C. Hansen! rex! 
Synopsis 
__ Evidence, based on extractions with water and the rates at which cements 
ye 
‘ combine with calcium chloride, is presented to show that cements which de- —_ 
r ‘velop false set upon aeration do so because the reactivity of the 3CaO-Al,0; at 
-” is decreased sufficiently to permit dehydrated gypsum in the cement to pre- 
cipitate as gypsum in the cement-water paste. 


characteristics. These studies showed 
that a paste of 3CaO-Al,O; and water 
released heat at a very rapid rate and 
stiffened to an unworkable mass within 
a few minutes. Pastes of the silicates 
with water released heat and hardened 
at slow rates. These studies also showed 
that pastes of 3CaO-Al,0O;, gypsum, 
and water hardened rapidly but that 
pastes of 3CaO-Al,O;, gypsum, water, 
and either 3CaO-SiO. or Ca(OH): 
hardened slowly. The results of these 
studies demonstrated conclusively that 
3CaO-Al,O3; was responsible for flash 
set which was manifested by a rapid 
rise in the temperature of the cement- 
water paste and by a pronounced re- 
duction in the workability of this paste 
within a few minutes after mixing. This 
workability may be partially restored 
by remixing the paste of a flash setting 
cement. 

The use of calcium sulfate to prevent 
flash set led to the development of what 
has become known as false set. In this 
type of set, there is no rapid rise in the 
temperature of the cement-water paste, 
but there is a pronounced reduction in 
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the workability of the paste within a 
few minutes. This workability usually 
can be fully restored by a little remixing 
of the paste. 

This type of false set was found by 
various investigators to be caused by 
crystallization of gypsum from super- 
saturated solutions. It is possible, under 
certain conditions of grinding and stor- 
ing cements, for the gypsum to be either 
partially or completely dehydrated to 
either hemihydrate or soluble anhydrite. 
These compounds readily produce solu- 
tions that are supersaturated with re- 
spect to gypsum (4). 

It seemed that the causes of flash and 
false set were well known and that it 
should be possible to explain all cases of 
false set on the basis of one or both of 
these causes. However, there is at least 
one type of false set that has remained 
unexplained. This is the type in which a 
cement, as drawn from a silo, will not 
manifest false setting tendencies, either 
in the laboratory or in the field, but de- 
velops these tendencies when exposed 
to air for some period of time. In some 
cases, the bags of cement from a ship- 
ment will give satisfactory concrete on 
a job for several days and then produce 
false-setting concrete. This paper de- 
scribes some experiments which appear 
to provide the explanation for this type 
of false set. 


EXPERIMENTS WITH TypE IS CEMENT 


A portland blast-furnace slag cement 
was ground commercially with a blend 
of approximately 60 per cent natural 
anhydrite and 40 per cent gypsum, 
which provided an SO; content of ap- 
proximately 2 per cent. The mill oper- 
ated at about 250 F with a high circu- 
lating load which was _ transported 
through an air separator with a large 
volume of air at a relatively low hu- 
midity. These are conditions that tend 
to dehydrate the gypsum. A sample of 
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the cement (identified as sample A) 
was collected during the grinding and 
stored in tightly sealed cans until tested. 
A sample of the cement (identified as 
sample B) was taken from the silo after 
a storage period of three weeks. These 
were subjected to the tests described 
below. 

Three samples of each of the lots of 
cement were tested. These were as fol- 
lows: 

1. Sample as received, 

2. Sample aerated in a thin layer in 
laboratory air for 24 hr, and 

3. Sample aerated in a thin layer in 
laboratory air for 48 hr. 


Extraction Tests: 


200 g of cement were shaken with 
150 ml of deionized water at room tem- 
perature for periods of 1 and 3 min. 
These pastes were filtered on a suction 
filter and the extracts were analyzed 
for CaO, SO;, and alkalinity. The alkali 
content of the filtrate was calculated on 
the assumption that the only materials 
in the filtrates were alkali and calcium 
sulfates and hydroxides. Hence, 


Moles SO; + Moles (OH)z — Moles CaO 
= Moles Alkalies.* 


It has been found in many tests in our 
laboratories that the values for alkalies 
calculated in this way for such filtrates 
agree very closely with determined 
values. 


False Set Tests: 


Each sample was tested for false set 
by the ASTM Method for False Set of 
Portland Cement (C359).4 

The results of the extraction and false 
set tests are given in Table I, from which 
it may be seen that concentrations of 
alkalies in the filtrates varied between 
0.0135 and 0.0311 moles per liter. 


3 For simplicity, this is expressed as Na,O. 
41955 Book of ASTM Standards, Part 3, 
p. 139. 
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1046 HANSEN ON AERATION 
According to data by Hansen and 
Pressler (5), the concentration of SO; 
in such solutions should be between 
0.019 and 0.025 moles per liter when the 
solid phases are Ca(OH). and 
CaSO,:2H,20. On this basis, the extracts 
of the “as-received” samples were 
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hemihydrate or soluble anhydrite during 
the grinding operation. 

Supersaturated solutions of gypsum 
will not precipitate sufficient gypsum 
to yield an unsaturated solution. Hence, 
the unsaturated conditions of the ex- 
tracts from the “as-received” samples 


TABLE I.—RESULTS OF EXTRACTION AND FALSE SET TESTS ON TYPE IS CEMENT. 


Results of Extraction Test | 
Treatment Composition of Extract, moles 
Ag 8 | il 
: SOs (OH)s CaO | Nax0* tial min | min | min ake 
Cement As-GrouNnD 
50+) 47 | 46 | 46 |50+ 
| 
1 47 44 | 30 | 16 
14 5 2 
CEMENT FROM SILO 
| | 
50+) 45 | 43 | 37 |45 
47 | 46 | 46 |50+ 
1 0.0135/46 27 | 12 | 10 


#80, at equilibrium for Na,O of 0.0135 to 0.0311 varies from about 0.019 to 0.025 moles per 


liter. 


slightly supersaturated with respect to 
gypsum at 1 min but were slightly un- 
saturated at 3 min. On the other hand, 
the extracts of the samples aerated for 
either 24 or 48 hr were highly supersatu- 
rated at both 1 and 3 min. 

Neither gypsum nor anhydrite will 
produce solutions that are more than 
slightly supersaturated with respect to 
gypsum. Hence, the high degree of 
supersaturation shown by the aerated 
samples is evidence that some portion 
of the gypsum was dehydrated to either 


show that calcium sulfate is combining 
with some phase of the cement at a 
greater rate than it is going into solu- 
tion. The only known reaction of this 
type in a cement paste is the formation 
of calcium sulfoaluminate (6): 
3CaO -Al,O; + 3CaSO, + xH,0 — 
3CaO - 
It may be seen from Table I that the 
mortars of the ‘‘as-received” samples 
tended to stiffen slightly during the 11 
min of the penetration test. This stiffen- 
ing, together with the unsaturated con- 


dition of the extract at 3 min, indicates 
that the mixture of gypsum and anhy- 
drite does not dissolve at a sufficiently 
rapid rate to prevent some tendency 
toward flash set on the part of the 
3CaO-Al,O;. This could be expected, 
since it is known that natural anhydrite 
dissolves at a relatively slow rate. 

Aeration for 24 hr produced some 
tendency toward false set, and aeration 
for 48 hr produced a very strong ten- 
dency toward false set. It is well known 
that the various cement minerals, such 
as 3CaO-Al.O3; and 3CaO-SiO., are 
very reactive toward water and carbon 
dioxide. Hence, it may be expected that 
the surfaces of these minerals would 
tend to become coated with reaction 
products and that these products would 
retard the rate at which these minerals 
react with water and calcium sulfate 
when mixed with water. 

It seems impossible for aeration to 
increase the rate at which the calcium 
sulfate minerals dissolve in water. Hence, 
since the aerated samples produced 
extracts which were highly  super- 
saturated at 3 min with respect to gyp- 
sum and the “as-received” samples 
produced extracts that were unsaturated, 
it seems that the only conclusion possible 
is that the reactivity of 3CaO-Al,O; 
towards CaSO, is much greater in the 
case of the ‘‘as-received” samples than 
in the aerated samples. It appears, there- 
fore, that aeration of the samples, 
by virtue of inactivation of the 
3CaO-Al,O;, produced a_ condition 
whereby the dehydrated gypsum formed 
during grinding could supersaturate 
the liquid phase of the cement paste and 
cause false set through the crystalliza- 
tion of gypsum. Accordingly, the con- 
clusion is that the false set shown by the 
aerated samples is true false set caused 
by dehydrated gypsum. 

These results for false set clearly in- 


dicate a reduced reactivity for 


CAUSE OF FALSE 


SET 


3CaO-Al,O; as the result of aeration. 
The data of Table I show an Na,O 
content of 0.0311 moles per liter for the 
3-min extract of the “as-received” 
sample and only 0.0153 moles per liter 
for the 3-min extract of the sample 
aerated for 48 hr. These results indicate 
a marked reduction in the reactivity of 
the alkali-bearing phases. 


EXPERIMENTS WITH CALCIUM CHLORIDE 


Calcium chloride combines’ with 
3CaO-Al,O; as shown in the following 
equation (7): 


3Ca0-Al,0; + + 10H,O — 
3CaO - Al,O;-CaCl,- 10H,0. 


Since calcium chloride is soluble, it 
is possible to study slurries of cement 
in calcium chloride solutions (8) and 
determine the rate at which the chlor- 
aluminate is formed. Such a study was 
made in which two samples of type I 
cement clinker from the same plant 
were used. These were ground in a lab- 
oratory mill without gypsum to specific 
surfaces of 1745 and 1785 sq cm per g, 
respectively, for samples A and B. 
Each sample was tested as ground, after 
aeration for 24 hr and after aeration for 
48 hr. 

The samples were tested as slurries 
of 200 g of ground clinker with 150 ml 
of a solution of calcium chloride made 
up to contain 3.0 per cent Cl, by weight 
of solution, which would be equivalent 
to 2.25 per cent Cl. by weight of cement. 
These slurries were shaken at room tem- 
perature and were filtered on a Buchner 
funnel after prescribed shaking periods 
of 1, 5, 15, and 30 min, and the filtrates 
were analyzed for chloride. It required 
a filtering time of less than 1 min to 
obtain sufficient filtrate for the analysis. 
The results of these analyses are given 
in Table II. 

The data of Table II show that aera- 
tion markedly reduces the rate at which 
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calcium chloride reacts with cement and 
7 substantiate the conclusion stated above, 

on the basis of data of Table I, for SO; 
and alkalies, to the effect that aeration 


TABLE II.—EXTRACTION DATA FOR 
SAMPLES OF CLINKER IN SOLUTIONS 
OF CALCIUM CHLORIDE. 
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and Cl,, respectively. Hence, 70.91 g 
Cly is equivalent to 3(80.07)SO; or 1 g is 
equivalent to 3.38 in combining with 
3CaO-Al,0O;. The 0.22 g of Cle that 
combined in 1 min (Table II) with 100 
g of clinker is therefore equivalent to 
0.74 g of SO;. Normally, cements con- 
tain from about 1.5 to 2.5 g SO; per 100 


Grams of Cl: Reacted per | g. Hence, it appears that, under certain 

100 g of Clinker for Time A + ° 
ons Sample Type and Yolcated conditions, approximately 30 to 50 per 
ocr “enue cent of the SO; in a type I cement paste 
1 min| 5 min |15 min|30min may be combined as calcium sulfoalumi- 
ices amas nate within the first one or two minutes. 

0.22| 0.28] 0.34 0.36 Hansen and Hunt (9) give data that 
Aerated 24 hr... ... 0.08) 0.14| 0.22} 0.24 show most of the SO; in cements is 
Aerated 48 hr...... 0.03) 0.11) 0.22) 0.26 combined within 12 to 18 hr. 

Sample B: The molecular weight of 3CaO-Al,O; 
As-Ground........| 0.20) 0.27| 0.31) Set is 270 and that of 3SO 3 is 240. Hence, 
Aerated 24 hr...... 0.05) 0.11) 0.20) 0.25 1 g of SO; will combine with 1.1 g of 
Aerated 48 hr...... 0.02} 0.14) 0.18) 0.22 

3CaO-Al,O;. The type I clinker used 
TABLE III.—FALSE SET IN QUARTZ PASTES AS 
DETERMINED BY ASTM METHOD C 359.4 
Paste Containing Gypsum, Penetration, Paste Containing Molding Plaster, 
mm Penetration, mm 
SO: , per cent 

Initial | 5 min | 8 min | 11 min | Remix | Initial | 5 min | 8 min | 11 min | Remix 
tee uc tea wees 50+ | 45 46 44 | 50+ | 50+ | 45 46 44 | 50+ 

47 43 42 42 | 47 49 40 38 30 | 50+ 

46 44 40 38 | 46 46 38 27 20 | 50+ 

OS ae 46 45 41 43 | 47 48 10 8 7 | 50+ 

47 47 42 40 | 46 47 5 0 0 | 50+ 

48 44 41 41 | 48 41 0 0 0 | 50+ 


Standards, Part 3, p. 139. 


tends to décrease the reactivity of the 
3CaO- Al,O3 . 

So far as is now known, the reactions 
of calcium sulfate and calcium chloride 
in a fresh cement paste are as follows: 


3Ca0-Al,0; + 3CaO-SO; + xH,0 
- Al,0;-3CaO -SO;-xH,O 


3CaO-Al,O; + + xH,0 
3Ca0 - Al,O3- CaCl, -xH,0 


These equations show that 3 moles of 
SO; combine with 3CaO-Al.O; whereas 
only one mole of Cl, does. The molecular 
weights are 80.07 and 70.91 for SO; 


* Tentative Method of Test for False Set of Portland Cement (C 359 — 56 T), 1955 Book of ASTM 


in this study had a calculated 
3CaO-Al,O3; content of approximately 
13 per cent. The 0.74 g SO; calculated 
above is equivalent to about 0.8 g 
3CaO-Al,O; or approximately 7 per cent 
of the 3CaO- Al,O; in the clinker. 


EXPERIMENTS WITH QUARTZ POWDERS 


Three samples of quartz sand were 
ground in a cold laboratory mill to fine- 
nesses comparable to those of portland 
cements. The first sample contained no 
calcium sulfate; the second contained 
gypsum equivalent to 2.0 per cent SO; ; 


HANSEN ON AERATION 


and the third contained molding plaster, 
CaSO,-O-5H,0, equivalent to 2.0 per 
cent SO;. The first and second were 
blended to powders having SO; contents 
as gypsum from 0 to 2.0 per cent in 
0.25 per cent increments and the first 
and third were blended to give SO; 
contents as plaster of Paris from 0 to 
2.0 per cent in 0.25 per cent increments. 
The results for false set by ASTM 
Method C359 are given in Table III. 
The data of this table show that the 
30 per cent water required for this test 
was only sufficient to yield penetrations 
between 38 and 50 in the pastes made 
with the gypsum-bearing quartz powder. 
They also show that the test indicated 
a little false set for the sample contain- 
ing 0.25 per cent SO; as molding plaster 
and that, even with 0.50 per cent SO; 
as molding plaster, the false-setting 
tendencies were not marked. These 
results indicate that a cement could 
contain up to about 0.50 per cent SO; 
as dehydrated gypsum without showing 
marked false-setting tendencies. 


Discussion OF RESULTS 

Blanks and Gilliland (10) state: 


“Frequently, however, concrete afflicted 
by false set in the cement will escape 
detection on the job. This may result 
from extended periods of mixing or 
agitation that break through the stiffen- 


(1) G. A. Rankin and F. E. Wright, “The 
Ternary System CaO-Al,0;-SiO, ,” The 
American Journal of Science, Vol. 39, p. 
229 (1915). 

(2) P. H. Bates and A. A. Klein, “Properties 
of the Calcium Silicates and Calcium 
Aluminates Occurring in Normal Portland 
Cement,” Technical Paper No. 78, Nat. 
Bureau Standards (1917). 

(3) P. H. Bates, “Cementing Qualities of 
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and type III cements within the first 
one or two minutes after mixing with 
water. Also, it appears that it requires 
about 0.5 per cent to produce false set. 
Hence, it appears that such cements 
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Acknowledgment: 


The author takes pleasure in acknowl- 
edging the assistance of his colleagues 
who carried out the experimental work 
of this project. 


“4 


the Calcium Aluminates,” Technical Paper 
No. 197, Nat. Bureau of Standards (1921). 
W. C. Hansen, “The Properties of Gypsum 
and the Role of Calcium Sulfate in Port- 
land Cement,” ASTM Bvuttetin, No. 
212, Feb., 1956, p. 66 (TP54). 

W. C. Hansen and E. E. Pressler, “Solu- 
bility of Ca(OH)z and CaSQ,-2H,0 in 
Dilute Alkali Solutions,” Industrial and 
Engineering Chemistry, Vol. 39, p. 1280 
(1947). 


(4) 


(5) 


‘ 
fi 
= 
= 


1050 _- Discussion on AERATION CAUSE OF FALSE SET 


(6) Wm. Lerch, F. W. Ashton, and R. H. 
Bogue, “The Sulphoaluminates of Cal- 
cium,” Journal of Research, Nat. Bureau 
Standards, Vol. 2, p. 715 (1929). 

(7) F. M. Lea, “The Chemistry of Cement 
and Concrete,” St. Martin’s Press, Inc., 
New York, N. Y. (1956). 

(8) W. C. Hansen, Discussion of paper by 
Harold H. Steinour, “The Reactions and 
Thermochemistry of Cement Hydration 
at Ordinary Temperature,” Proceedings, 


€ 


Mr. Myron A. Swayze! (presented in 
written ‘form).—The development of false 
set due to aeration of cements which 
show perfectly normal sets when freshly 
ground is a matter which concerns every 
cement manufacturer. It is highly dis- 
concerting to any producer to make and 
ship cements which are free from this 
annoying property, only to find it 
developing in sacked cement in dealers’ 
warehouses or to have it induced by 
contact with moisture-laden compressed 
air in the transfer through air pumps 
from bulk cars to the users’ bins. 

To arrive at a better understanding of 
causes for this development of false set 
by aeration, the Lone Star Cement Re- 
search Laboratory has conducted a series 
of research tests on the subject. In order 
to avoid a quick setting action with no 
retarder addition, a sulfate-resistant type 
III plant clinker with the following 
composition was selected for these tests: 


C38 73.9 Free CaO 0.6 
CS . 9.9 MgO 0.6 
C3A .... None SO;3... 0.01 
C,AF ,- 11.2 Alkalies. 0.04 
3.7 . 0.08 


Grinding was done in a laboratory 
mill at room temperature of this clinker 
by itself, and with additions of gypsum, 


Director of Research, Lone Star Cement. 
Corp., New York, N. Y. 


DISCUSSION 


Pager 
Third International Symposium on the 
Chemistry of Cement (London), p. 318 
(1952). 

(9) W. C. Hansen and J. O. Hunt, “The Use 
of Natural Anhydrite in Portland Cement,” 
ASTM Buttetin, No. 161, Oct., 1949, 
p. 50 (TP194). 

(10) R. F. Blanks and J. L. Gilliland, “False 
Set in Portland Cement,” Proceedings, 
Am. Concrete Inst., Vol. 47, p. 517 (1951). 


calcined gypsum, or anhydrite. These 
grinds were made dry. Duplicate grinds 
were then made of clinker alone and with 
gypsum and anhydrite in which 0.2 to 
0.5 per cent water was used as a grinding 
aid. The dry grind with calcined gypsum 
coated the mill so badly that frequent 
dumping to clean the grinding media 
was necessary. In consequence, the final 
product was already in an aerated condi- 
tion when grinding was finally com- 
pleted. The bad false set tests on this 
sample are therefore not reported here. 

All grinds with retarder contained ap- 
proximately 2.5 per cent SO;. The 
fineness of the completed grinds as 
determined by Wagner turbidimeter was 
approximately 2700 sq cm per g. 

Additional grinds were made with 
Ottawa silica sand instead of clinker. 
Enough gypsum, calcined gypsum, or 
anhydrite was added to provide 2.5 per 
cent SO; in each mix. 

All of these samples were subjected 
to the ASTM False Set Test (Method 
C359)? after the following types of 
exposure: 

1. Fresh sample as discharged from 
mill, 

2. Fresh sample aerated 16 hr in air 
at 60 per cent relative humidity, 


21955 Book of ASTM Standards, Part 3. 
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TABLE IV.—FALSE SET TESTS ON COLD GROUND LABORATORY CEMENTS. 
ASTM Method C 359, 32 per cent water in mortar 


Penetration, mm Penetration, mm 
Ini-| 5 | 8 | 11 | Re-|Ini-| | 8 | 41 | Re- 
"wD at .- tial | min | min | min | mix | tial | min | min | min | mix 


CLINKER ONLY 


Dry Grind 0.5 Per Cent Water 
50 | 50 | 50 | 47 | 50 | 50 | 50 50 | 50 | 50 
50 1 0 0 | 50 | 50 | 50 49 | 12 | 50 
50 1 0 0 | 50 | 50 | 50 | 42 5 | 50 
50 | 11 0 0 | 50 | 50} 50 | 33 2) 50 


CuiinkerR Pius Gypsum 


Dry Grind 0.5 Per Cent Water 
50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 
50 3 0 0 | 50 | 50 2 1 1 | 50 
cde 50 0 0 0 | 50 | 50 0 0 0 | 50 
50 0 0 0 | 50 | 50 0 0 0 | 50 


CuInKER PLus ANHYDRITE 


Dry Grind 0.2 Per Cent Water 
“50 | 50| 5 | 2 | 50 | 50 | 50 50 | 50 | 50 
50 | 50 2 0 | 50 |} 50} 50| 2 0 | 50 
50 | 39 | O| 50} 50| 50 38 | 3 | 50 
50 | 50) 2 | 50 | 50 | 50 | 50 | 35 | 50 


* Partial aeration during grinding. 


TABLE V.—FALSE SET TESTS ON COLD GROUND SAND-RETARDER GRINDS. 
ASTM Method C 359, 32 per cent water in mortar 


Penetration, mm Penetration, mm 
Sample Condition | | 
Ini-| 5 8 11 | Re-/|Ini-| 5 | 8 11 | Re- 
tial | min | min | min | mix | tial | min min | min | mix 
Sand-Gypsum: Sand-Anhydrite: 
2.54 SO; 2.44 SO; 
50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 
50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 50 
35 0 0 0 | 18 | 50 | 50 | 50) 50| 50 


Sanp-PLASTER: 
2.44 SO; 


46 | 50 
4} 20 | 26 | 20 | 50 
Heated 260 F, 7 days. .............0..00-5- 48 | 48 | 47 | 48 | 50 
17|10| 9| 7 | 50 


aa 
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3. Fresh sample heated 7 days at 
260 F, cooled in can, and 

4. Heated sample aerated 16 hr in air 
at 60 per cent relative humidity. 

Considering first the results on false 
set of the cements in Table IV, it will 
be noted that for the grinds, with or 
without water, of straight clinker, the 
freshly ground samples had no false set 
tendency. Aeration of the sample ground 
dry caused a strong false set to develop, 
as did the heating treatment and aera- 
tion of the heated sample. For the sample 
in which water was used as a grinding 
aid, aeration of the fresh sample, heating, 
and aération of the heated sample in- 
duced only a moderate amount of false 
set. Since no calcium sulfate in any 
form was present in either of these 
grinds, the false set cannot be attributed 
to dehydrated gypsum but must be 
ascribed to some component in the 
cement clinker which was affected by 
aeration. 

Both grinds containing gypsum were 
completely free from false set when 
fresh and both developed an exaggerated 
false set after aeration at room tempera- 
ture. Again, since there had been no 
dehydration of gypsum during grinding, 
the cause of false set on aeration must 
be looked for in the clinker component. 
Heating of the cement from both these 
grinds must have converted the gypsum 
largely to hemihydrate, and the strong 
false set caused by heating and sub- 
sequent aeration of the heated sample 
can unquestionably be attributed to de- 
hydrated gypsum. 

The dry clinker-anhydrite grind 
caused a bad coating condition in the 
mill which required the charge to be 
dumped several times to clean the grind- 
ing media. This induced a moderate 
amount of false set by preaeration of 
the fresh sample. Further aeration, 
heating, and reaeration of the heated 
sample did not materially change this 
false set condition. 


The clinker-anhydrite mix ground with 
0.2 per cent water had no sign of false 
set when freshly ground. Aeration of 
this cold ground sample induced false 
set in 8 min. Heating of the fresh sample 
induced a moderate false set which may 
have come from the 17 per cent gypsum 
content in the anhydrite. Aeration of 
the heated sample restored it to a 
practically normal set. 

To understand the possible contribu- 
tion of various forms of calcium sulfate 
to false set in portland cement requires 
some knowledge of the different forms 
of artificially dehydrated gypsum. I 
understand that to obtain stable sets in 
molding plaster the calcination tempera- 
ture must be carried up to 300 F. At 
lower temperatures, set is not only 
much faster, but unstable. In conse- 
quence, to pass the ASTM set require- 
ments of 20 to 40 min as given in ASTM 
Specification C 59 — 50, final calcination 
temperatures are quite generally held to 
300 to 305 F. Such plaster is entirely too 
slow setting for manufacture of wall 
board, in which the plaster must set 
within the 5 to 6 min allowed by the 
continuous progress. This is accomplished 
by intermixing small quantities of finely 
ground gypsum and potassium sulfate 
with the plaster, both of which act as 
accelerators. ~ 

Another hair-trigger form of calcined 
gypsum is artificial anhydrite formed by 
calcining gypstim at 380 F. This form of 
anhydrite is so avid for water that it is 
a good desiccating agent. Its set is very 
fast. However, its temperature of forma- 
tion is above the range of normal cement 
grinding. 

Table V shows false set tests on grinds 
of sand and the three forms of calcium 
sulfate tested. The molding plaster used 
was calcined in a gypsum plant kettle 
at 305 F and contained no added re- 
tarder or accelerator. 

The behavior of gypsum, cold ground 
with sand, is as one might expect. 
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Neither the fresh or aerated fresh sample 
had any sign of false set. The sample 
heated to 260 F was so fast setting that 
practically full stiffening of the paste 
occurred in the 60 sec between the end 
of mixing and the time for the initial 
penetration test. Aeration of this heated 
sample slowed down the rate of set 
slightly, but the final result was the 
same. 

The anhydrite ground with sand 
caused no false set due to heating or to 
aeration of either fresh or heated sam- 
ples. 

The molding plaster-sand grind 
showed no false set in the fresh or heated 
grinds. This is not surprising in view of 
its original higher calcination tempera- 
ture and its Vicat set of 35 min, which 
should not be disturbed by reheating at 
a lower temperature. The acceleration 
of this slow set by aeration, however, is 
somewhat surprising. Conversion of some 
of the hemihydrate to gypsum by 
moisture absorption could explain the 
change, but this was apparently denied 
by the fact that aeration did not increase 

' loss on ignition. We have no explanation 
of this behavior. Aeration of dry grinds 
containing clinker usually increased los- 
ses by 0.2 to 0.3 per cent. 

With all the evidence here given 
pointing away from deactivation of C;S 
and C;A grains by aeration which would 
allow development of false set through 
uncontrolled recrystallization of dehy- 
drated gypsum, the question then arises 
as to what compound in cement clinker 
is responsible for the change in setting 
characteristics following aeration. 

The clinker used for our tests con- 
tained no C;A, with the total of C,S, 
CS, and a particularly inert form of the 
ferrite phase constituting 98.7 per cent 
of the clinker. SO; and alkali contents 
were little more than traces. C.S and 
the iron phase are known to react very 
slowly with water, leaving only the C;S 
as the compound to be suspected. — 


Nearly all portland cements can be 
changed from normal set to a false 
setting condition by a few hours of 
aeration at moderately high humidities. 


.From observation over many years we 


believe this change is due to a temporary 
activation of C;S particles by absorp- 
tion or partial combination with very 
thin films of water vapor on the grain 
surfaces. These freshly activated sur- 
faces are ready for very rapid combina- 
tion with more water when mixed with 
it and a gelling action develops quickly. 
Our belief is strengthened by the fol- 
lowing observations: 

1. Cements with high C;S contents 
are more susceptible to false set develop- 
ment on aeration than those with lower 
C;S contents. The amounts of C;A 
present have little or no influence on the 
intensity of the false set action, and 

2. False set induced by exposure to 
moist air is a transient phenomenon. 
Bad cases of false set arising from this 
exposure can be “cured out” either by 
prolonged exposure in air of normal 
humidity or by storage in sealed con- 
tainers. The deactivation theory cannot 
explain this change of action. The idea 
of temporary activation of C;S grains 
by moisture can explain it, since the 
active surfaces become inactive as soon 
as they combine with the moisture 
present to form a thin shell of stable 
hydration products. 

Mr. W. C. HANSEN (author) —I would 
like to make a few comments regarding 
Mr. Swayze’s discussion. I do not believe 
that there is any argument between Mr. 
Swayze and me. He is describing an 
entirely different type of false set caused 
by aeration than I am. I believe that he 
agrees that the type of false set that I 
described is caused by dehydrated gyp- 
sum. We get one type of false set when a 
cement containing dehydrated gypsum 
is aerated. 

There is another kind which Mr. 
Swayze has described in his paper. It 


ad 
‘ 
j 
DISCUSSION ON AERATION CAUSE OF FALSE SET 1053 fee 


1054 


appears that the tricalcium silicate can 
be activated by aeration so as to produce 
false set. We are talking about two en- 
tirely different types of false set which 
are both caused by aeration and Mr. 
Swayze’s paper might have been a paper 
in its own right instead of a discussion of 
mine. 

Mr. Swayze.—I agree thoroughly 
with the author. I did not mean that his 
theories on dehydration are wrong. I 
think it is the principal source of false 
set, but we do have this other effect of 
aeration on cements with moderate or 
high C,S contents. It is another sort of a 
false set caused by adsorption of mois- 
ture on the surfaces of C;S. 

Mr. STANTON WALKER.*—I wish to 
ask a question concerning false set. In 
the ready-mixed concrete industry we 
hear a lot about false set, flash set, and 
quick stiffening in general. In our in- 
dustry the mixing time is fairly long, 
almost always more than 15 or 20 min 
and frequently longer than that. I have 
been told by many of my friends in the 
cement industry that we should not 
worry about false set since any mani- 
festation of it will disappear in a period 
of time less than our normal mixing 
time of a minimum of, say, 15 min. I 
would like to know if there is agreement 
with that advice. 

Mr. Hansen.—I think that Mr. 
Walker is right. That is, if concrete is 
mixed for several minutes, there will be 
no manifestation of false set. The 
troubles with false set occur on 'the jobs 
in which the concrete is mixed for a 
short period of time and is allowed to 
stand for some period of time in the 
mixer, in forms, or on the subgrade 
before the final placing. Under these 
conditions, concrete made with a false- 
setting cement will stiffen and require 
additional working for proper placing. 

’ Director of Engineering, National Sand 
and Gravel Assn., Washington, D. C. 
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ASTM Method C 359 is based on the 
experience that false set will not develop 
unless the mixing periods are relatively 
short and will be destroyed by remixing. 

I know that there are men in the 
concrete industry who believe that false 
set causes the use of greater amounts of 
water and, accordingly, decreases 
strength and durability. I am_ not 
certain that this is true if the concrete is 
placed and worked into the final form 
immediately after mixing is stopped or, 
if it is remixed within a few minutes 
after the first mixing period. 

Mr. WALKER.—I would like to ask 
the author this question. Of what are we 
getting a manifestation when this quick 
stiffening occurs after a mixing time of 
more than 15 or 20 min—with this not 
restricted to hot weather alone? 

Mr. HAnseN.—I do not think that it 
is due to the false set that Mr. Swayze 
and I have been talking about. It is the 
natural stiffening of the portland cement 
caused by the normal reactions of the 
cement with water. Mr. Swayze has 
shown in his paper that portland cement 
is a very reactive chemical and that a 
little aeration can affect the tricalcium 
silicate. The cement minerals can react 
with water immediately upon mixing 
with water and, in a period of 15 min 
there should be an appreciable amount of 
reaction. The stiffening caused by this 
reaction is normal and should not be 
classed as false set. 

Mr. Swayze.—I might comment fur- 
ther on Mr. Walker’s question. Suppose 
cement Kas been ground at a very high 
temperature so that the gypsum is 
completely dehydrated. Then you should 
have a stable slow set plaster in the 
cement which will not begin to set until 
about the time you get ready to dump 
the concrete out of your truck. You 
might get a false set from that case, but 
that wil! be exceedingly rare. 

In the manufacture of wallboard, 


gypsum producers use seed crystals of 
very finely ground gypsum, and alkali 
sulfates as accelerators, and then the set, 
instead of taking place in 30 or 35 min, 
will start within a minute or two. By 
the time the wallboard reaches the end 
of the line, the set is completed. How- 
ever, in cement if you have a completely 
dehydrated gypsum due to very high 
grinding temperatures, you still have the 
clinker portion to consider. The alkali 
sulfates there are quickly soluble and 
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Shaking Time, min 
Fic. 1.—Typical Curves of Degree of Super- 
saturation of SO; in Extraction Test. 


a, b, and ¢ are shown by normal settings ce- 
ment; d, e, and f are by false setting cement. 


will produce both gypsum and alkali by 
reaction with hydrated lime which will 
act as accelerators of this long-retarded 
gypsum or hemihydrate. The author 
has answered the other part of your 
question: the finely ground cements are 
more active than the other ones. Ready- 
mix contractors always give the cement 
producers some help in the way of cement 
fineness. After rotating the cement and 
aggregate for a half or three-quarters of 
an hour in a truck mixer, a considerable 
amount of grinding takes place, so that 
you have a finer cement than you started 
out with. 
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Mr. Tosu1o MANABE‘ (by letter).— 
I have studied in recent years about the 
mechanism of false set as it appears in 
aerated portland cements. I would like 
to discuss the probable mechanism of 
false set. 


Extraction Tests (Degrees of supersat- 
uration with respect to gypsum): 


The procedures were essentially the 
same as those described by the author 
but differed from them in water cement 


ratio and shaking periods. (100 g of 


Woter-cement 


Supersaturation of SOs, mm per Liter 


5 10 
Shaking Time, min 


Fic. 2.—Effect of Water Content upon the 
Degree of Supersaturation of SO; . 


cement were shaken with 50 ml of dis- 
tilled water at 20 C for periods of 1, 3, 
5, 7, and 10 min). 

The degrees of supersaturation of SO; 
were calculated from the results ob- 
tained and the solubility curve of 
CaSO,;:2H:O and Ca(OH)2 in dilute 
alkali solution determined by Hansen 
and Pressler.® A few typical results of 
the degrees of supersaturation of SOs; are 
given in the accompanying Fig. 1. In a 
fresh cement, which does not manifest 


4 Research Member, Chemical Section, Re- 
search Laboratory, Nihon Cement Co., Ltd., 
Tokyo, Japan. 

5 See reference (5) of author’s paper. 
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false setting tendencies, the degrees of 
supersaturation are generally represented 
by curve a or 6. When the cement is 
aerated, the supersaturation curve shifts 
from a to b, and then tocurvesc, d, e, and 
to f, successively. If the cement is 
further aerated at the high humidity, 
the supersaturation curve turns back 
to d orc. 

In relation to the results of penetra- 
tion tests with neat cement paste (by 
Federal Specification), it is found that 
the cement, which shows the super- 


que 4 
No addition 
2 30 0.125 per cent 
O.5 per cent 
2.0 per cent 
20 
2 0-4 
7 
a 
Shaking Time, min 


Fic. 3.—Effect of Addition of Gypsum upon 
the Degree of Supersaturation of SO; . 


saturation curve a, 6, or c, has normal 
setting properties, but the cement repre- 
sented by the curve d, e, or f manifests 
false setting tendencies. In other words, 
when the extracts at 5 min are still highly 
supersaturated, the cement shows the 
false setting tendencies. If the mixing 
period is 2 min instead of 3 min, the 
cement in curve c manifests also false 
set, and on the other hand the cement in 
curve d does not show false setting 
tendencies if it is mixed for 4 min. 

Since the water content in penetra- 
tion tests is about 25 to 30 per cent and 
different from that in extraction tests, 
the effect of water content on the results 


of extraction tests must be considered. 
From Fig. 2, which illustrates the effect 
of the water-cement ratio, it is clear 
that as the water content decreases, the 
time at which the degrees of super- 
saturation of SO; begin to decrease 
rapiilly comes quickly. From the above 
tendencies, it may be seen that the time 
at which the degrees of supersaturation 
of SO; begin to decrease rapidly, cor- 
responds to the stiffening time. From the 
results reported by Birss and Thorvald- 
son,* it is seen that the rapid decreasing 
period of high supersaturation of SO; 
corresponds to the precipitating period 
of gypsum. Accordingly, the stiffening 
phenomenon of false setting cement 
paste may be caused by the precipitation 
of gypsum which takes place after 
mixing. 


a 4 By the addition of a small amount of 
fi 


nely pulverized gypsum to the false 
setting cement, the false set is sometimes 
‘relieved. Figure gives the super- 


curves in such a case. By the 


addition of 0.125 per cent gypsum, the 
_ cement still manifested the false setting 


tendencies in penetration test. With 0.5 


per cent addition, it became the normal 
setting cement, but if the paste was 
mixed for 2 min, it showed the false 
setting tendencies. 


Rate of Combination of SO; as Calcium 
Sulfoaluminate: 


Gypsum is soluble, whereas the cal- 
cium sulfoaluminate is almost insoluble 
in lime solution, Forsen,’ using this 
difference in solubility, investigated the 
amount of combined gypsum in cement 
paste by extraction with lime solution. 
However, this method is not utilized in 
determining the amount of combined 


°F. W. Birss and T. Thorvaldson, Canadian 

Journal of Chemistry, Vol. 33, p. 870 (1955). 
7Forsen, “The Chemistry of Retarders,”’ 

and Accelerators,’’ Proceedings, Symposium on 


Chemistry of Cement, Stockholm, p. 298 (1938). 
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gypsum during the first few minutes of 
initial hydration period because a fur- 
ther combination takes place during the 
process of the extraction. 

I have developed a new method using 
radioisotope sulfur-35. The procedures 
are briefly shown as follows: Paste, made 
by mixing 1 g of cement and 0.5 ml of 
distilled water, is extracted with 100 
ml of lime solution containing SO; 
labelled with sulfur-35 after each time- 
period. The amounts of SO; in the lime 
solution before and after extraction are 


in Percent of Cement 


Combined SO; 


Calculated 
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dissolved in a moment, the balance of 
specific activities may be represented by: 


Se-We = S(We + We — Wb) 
Hence, combined SO; (W,) is given by: 


(W. + W.) = W.-S./S 


where: 
S. and S§ are specific activities of SO; in 
the lime solutions before and after 
extraction, respectively. 

The results obtained are illustrated in 
Figs. 4, 5, and 6, and summarized 


T T 
10 


Time After Start of Mixing, min 


Fic. 4.—Amount of Combined SO; During the First Few Minutes of Initial Hydration Period. 


A, B, and C are normal setting cements. 
A,' D, and E are false setting cements. 


analyzed, and the specific radio activities 
of SO; in both solutions are also counted. 

Now, let W, represent the amount of 
SO; in the cement, W, the amount of 
SO; combined with aluminate (W, is 
the unknown), and W,, the amount of 
SO; in the lime solution before extrac- 
tion. When the paste is extracted with 
such a lime solution, uncombined SO; 
(W. — Wz) is dissolved so that the 
amount of SOs; in the extract is (W. + 
W. — W»). Some part of it would com- 
bine with aluminate during the extrac- 
tion, but if it is assumed that uncom- 
bined SO; (W, W,) would be 


= — 


briefly as follows: (a4) When cement 
which has normal setting properties is 
mixed with water, the considerable 
amounts of gypsum are combined in 
calcium sulfoaluminate in a few minutes 
and then the rate of its formation be- 
comes very slow (Fig. 4, curves A, B, 
and C), (6) whereas, in slightly aerated, 
false setting cement, the combination of 
gypsum occurs about 3 min later, that 
is, the combination of gypsum with 
aluminate is prevented for some reason 
(Fig. 4, curves A’, D, and £), and (c) when 
cement is aerated at high humidity, 
combination of gypsum takes place also 


< 1.0 1.0 
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(Fig. 5). In paste made from such a ce- 
ment, combined SO; decreases at first, 
and then increases rapidly (Fig. 6). 


Probable Mechanism of False Set: 


By adding ground clinker to plaster of 
Paris, the stiffening time of gypsum is 
accelerated; that is, clinker accelerates 


Combined percent 


T 7 

2 4 6 10 12 
Loss on Ignition, percent 

Fic. 5.—Amount of Combined SO; in Ce- 

ment, Aerated Under Atmosphere of High Hu- 

midity. (Relative humidity 90 to 100 per cent.) 


In the case of cement, the gypsum in 
cement is dehydrated to hemihydrate or 
soluble anhydrite during grinding. The 
stiffening time of such a dehydrated 
gypsum occurs within 3 min (mixing 
time) by the accelerating action of 
clinker, so that false setting tendencies 
are not observed. But the accelerating 
action of clinker is weakened by the 
aeration, that is, the stiffening time 
occurs after 3 min and the false setting 
tendencies are manifested. 

The manner in which the clinker acts 
as an accelerator of dehydrated gypsum 
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the stiffening of gypsum. 


is not clear, but it is likely that the 
crystals of calcium sulfoaluminate 
formed by the combination of aluminate 
with gypsum behave as crystal nuclei of 
precipitation of gypsum. Due to the 
aeration, the surfaces of the clinker may 
be coated with a thin film of aerated 
products, and alkali carbonate may be 
also produced. These products would 


Combined SOs, percent 


Time After Start of Mixing, min 


Fic. 6.—Amount of Combined SO; During 
the First Few Minutes of Initial Hydrate Pe- 
riod, in the Case of Cements Aerated at High Hu- 
midity. (Shown a, 6, and c in Fig. 5.) 


prevent the formation of calcium sulfo- 
aluminate, then the precipitation of 
gypsum is retarded and the false setting 
tendencies can be observed. 

It is also attributed to their behaviors 
as crystals nuclei that false set is relieved 
by the addition of small amounts of 
finely crystalline gypsum to false setting 
cement. 

Mr. HANSEN.—Mr. Manabe is to be 
congratulated on the development of a 
new method of studying the rate of 
combination of calcium sulfate in ce- 
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REFLECTANCE TESTS FOR CONCRETE CURING MATERIALS* 


By C. C. Ruopes,' M. H. JAnson,' AND M. . Brown! 


SYNOPSIS 


Stress control through the regulation of early eeuiitias changes in con- 
crete is an important function of the curing operation. Since the primary 
purpose of using white curing materials is to reduce heat pickup from solar 
radiation, the measurement of reflectance is of considerable significance in 
procuring such materials. Because existing preference is divided between the 
luminous reflectance method of ASTM Method E 97? and the infrared re- 
flectance method of Federal Specification TT-P-141b, this study was under- 
taken to provide a sound basis for evaluation of these two methods and de- 
velopment of reflectance tests in general. 

Three factors enter into the development of a significant and practical 
reflectance test for concrete curing materials: (1) spectral distribution of 
solar radiation received at the earth’s surface, (2) suitability of various pho- 
tometers for measurement of reflectance in the most significant spectral 
range, and (3) spectral characteristics of the curing materials. An analysis of 
these three factors indicates that measurements in the visible range are as 
significant as those in the infrared and that ASTM Method E 97 for routine 
testing and ASTM Methods D 307 and D 791° for reference are the best that 
can be found at present using commercial photometric equipment currently 
available at a reasonable cost. 


It has long been recognized that stress important function of the curing opera- 
control through the regulation of early tion. Since the principal purpose of 
temperature changes in concrete is an using white materials of either the sheet 


or membrane-forming type is to e 
* Presented at the Sixty-first Annual Meeting _— 8 +y pe is t reduce 
of the Society, June 22-27, 1958. both the rate and amplitude of tempera- 


1 Assistant Director, Chemist, got Comniond ture change due to absorption of solar 
Research Engineer, respectively, Michigan 
State Highway Department, Research Labora- radiation, the specification and measure 
tory, Office of Testing and Research, Lansing, ment of reflectance are of considerable 
Mich. . significance in procuring such materials. 
2 Method of Test for 45-deg, 0-deg Direc- thee | 
tional Reflectance of Opaque Specimens by 0 y the metho 0s commonly 
Filter Photometry (E 97-55), 1958 Book of — used in the past for measuring reflectance 
ASTM Standards, Parts 4, 6, 8. of white curing materi H 
3 Method of Test for Spectral Characteristics ke ‘ “ na 8 aterials is ASTM 
and Color of Objects and Materials (D307- Method E 97, Method of test for 45- 
44), 8. deg, O-deg Directional Reflectance of 
Method of Test for Luminous Reflectance, BRilte 
Transmittance, and Color of Materials (D 791 — Opaque Specimens by Filter Photom- 
54), 1958 Book of ASTM Standards, Part 9. etry”. There seems to be a_ rather 
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prevalent belief, however, that a re- more important facts and principles 
flectance test for curing materials should which should govern the development 
measure infrared rather than luminous of reflectance tests for curing materials; 
reflectance, and it has been proposed and (6) toapply these facts and principles 
that the infrared method be incorporated to the design of the best test possible 


Visible | infrored 


Solar irradiance Outside Atmosphere 


1500 


1000 


500 


02 04 06 O08 10 1.2 1.4 1.6 18 20 22 
Wavelength, 
Fic. 1.—Spectral Distribution of Radiant Energy from the Sun and a Blackbody Radiator at 
6000 Kelvin. 


in ASTM specifications for white curing within the limitations of currently avail- 
paper. Thus there is a need for clari- able instruments and spectral character- 
fication of the principles involved and istics of the materials themselves. In 
their application to reflectance specifica- carrying out this purpose the discussion 
tions and tests for curing materials. which follows is divided among four 

The purpose of this paper, therefore, major topics: (1) fundamental concepts 
is twofold: (a) to discuss some of the and data, (2) reflectometric methods 


a. 
> 
‘| | Blackbody, 6000 K 
Solar irradiance, Air Mass 2 
2 Hy \ aa 
ie 


and instruments, (3) spectral charac- 
teristics of curing materials, and (4) 
recommended test. 


FUNDAMENTAL CONCEPTS AND DATA 

Throughout the following discussion, 
the first and most important basic 
fact to remember is that, in general, all 
radiation is converted to heat when 
absorbed by a body on which it falls. 
Exceptions to this rule, such as fluo- 
rescence and the production of photo- 
chemical and photoelectric effects, need 
not be considered here. It follows, there- 
fore, that equal amounts of radiant 


Solar Radiation: 


Solar radiation at normal incidence 
on the earth varies widely because of 
variations in the sun itself, variations 
in the distance from sun to earth, dif- 
ferences in atmospheric scattering, and 
differences in atmospheric absorption. 
As a convenient reference for comparison 
with irradiation at the earth’s surface, 
the spectral distribution of solar energy 
outside the atmosphere plotted from data 
by Moon (1) is shown in Fig. 1. This 
curve corresponds closely to that of a 
blackbody radiator at 6000 Kelvin at 


TABLE I.4—CALCULATED SOLAR IRRADIATION AT SEA LEVEL. 


Energy, w per sq m 
Wavelength, u —— - 
Air Mass = 0} Air Mass 1 | Air Mass 2 | Air Mass 3 | Air Mass 4 | Air Mass 5 

94.6 40.1 19.8 10.0 5.4 2.7 
= area 540.0 419.7 327.8 258 .6 205.8 163.7 
365.4 309.2 267.5 233.4 205.1 181.5 
162.5 95.3 70.4 57.0 48.1 40.7 
72.8 50.8 45.1 41.0 38.0 35.2 
86.8 12.8 9.2 7.5 6.5 5.8 

1 322.1 927.9 739.8 607 .5 508.9 429.6 

“Taken from P. Moon, “Proposed Standard Solar-Radiation Curves for Engineering Use,’ 


Journal of the Franklin Institute, Vol. 


energy, in whatever portions of the spec- 
trum they may occur, produce equal 
quantities of heat when totally absorbed. 
Choosing an interval of the spectrum, 
then, in which to make reflectance tests 
for curing materials depends largely on 
the spectral distribution of solar radia- 
tion reaching the earth’s surface (insola- 
tion). Furthermore, the particular wave- 
length band selected should include as 
great a portion of the total insolation 
as possible. This being the case, it will 
be profitable to examine the composi- 
tion of solar radiation rather closely. 
Since a knowledge of reflectometric 
terms is also necessary for an under- 
standing of the significance of the meas- 
urements to be made, this aspect of the 
subject will also be “aie briefly. 


230, July—Dec., 1940, p. 583. 


wavelengths beyond about 1.25 yu, but 
is depressed at the shorter wavelengths 
due to selective absorption in the sun 
itself. 

Next, let us see what happens to this 
radiation by the time it reaches the 
earth’s surface. Direct radiation from 
the sun is scattered by molecular nitro- 
gen, oxygen, water vapor and other 
gases, and by dust. The degree of scat- 
tering is a function of wavelength and 
increases exponentially as the ultraviolet 
end of the spectrum is approached. This 
phenomenon gives rise to the charac- 
teristic blue color of the sky on a clear 
day. Absorption by the atmosphere 


4The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1071. 
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modifies the amount and spectral distri- 
bution of solar radiation still further. 
Ozone absorbs selectively in the ultra- 
violet, and water vapor and carbon diox- 
ide absorb heavily in the infrared. The 
net result of atmospheric effects is shown 
in the third curve of Fig. 1, which gives 
the spectral irradiance for air mass 2, 
that is, for a path through the atmos- 
phere twice its length at normal in- 
cidence. 

Additional data from Moon (i, are 
given in Table I, wherein are listed 
results for five values of air mass, thus 
making possible the calculation of ir- 
radiation at any hour of the day except 
near sunrise or sunset. He suggests 
that the curve for air mass 2 be used 
whenever a_ single, standard solar- 
radiation curve is needed in engineering 
calculations for places near sea level. 
Values for air mass 2 are sufficiently 
representative for the present purpose 
and will be assumed in all subsequent 
discussion unless otherwise noted. 

As may be seen from the curves of 
Fig. 1 and data of Table I, almost 100 
per cent of the sun’s energy falls within 
the wavelength range of 0.3 to 2.2 wu. 
Of this range, the interval of approxi- 
mately 0.3 to 0.4 uw constitutes the ul- 
traviolet portion, 0.4 to 0.7 uw the visi- 
ble, and 0.7 to 2.2 uw the infrared. The 
entire range of wavelengths beyond 
2.2 uw contributes less than 2 per cent of 
the total insolation. However, the energy 
level is much higher in the visible por- 
tion of the spectrum and falls off quite 
rapidly with increasing wavelength in 
the infrared. There is also considerable 
absorption by the atmosphere in the 
infrared region so that the total energy, 
exclusive of the ultraviolet, is made up 
of almost equal portions of visible and 
infrared radiation. The amount of energy 
in the ultraviolet band is relatively 
small, only 4 per cent of the total, and 
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is of little significance in the present 
instance. 


Reflectometric Terms and Definitions: 


It is well known that illuminated 
objects do not appear equally bright 
from all directions, and certain condi- 
tions and terms must be defined in 
order to understand the significance of 
reflectance measurements. Three quanti- 
ties are of primary importance, namely, 
reflectance, specular reflectance, and 
directional reflectance. 

Reflectance is defined as the ratio of 
the total radiant energy reflected from 
an object to the total radiant energy 
incident on it, and will vary with the 
angular distribution of the incident 
energy (2,3). Since no object can reflect 
more energy than falls on it, the value 
of reflectance cannot exceed unity. 

Specular reflectance is the ratio of 
reflected to incident energy in the direc- 
tion of mirror reflection only. Its value 
will depend on the angle of incidence 
and, again, cannot exceed unity. Gloss 
and sheen are examples of the mani- 
festation of luminous specular reflect- 
ance, being defined by particular angles 
of illuminating and viewing. 

Directional reflectance is the ratio of 
the radiance that the surface has under 
any specified irradiating and receiving 
conditions to the radiance that a per- 
fectly diffusing, perfectly reflecting sur- 
face would have under the same condi- 
tions. Because directional reflectance is a 
ratio of the reflectance of two surfaces 
under any specified set of conditions, 
its value may be either greater or less 
than unity. The primary standard of 
reflection is freshly prepared magnesium 
oxide, MgO, which has a (total) luminous 
reflectance of more than 0.97 and a 
luminous directional reflectance of 1.00. 
Its total reflectance falls off somewhat 
in the infrared, reaching a value of 0.94 
at 2.2 uw. Directional reflectance depends 
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on the spectral and angular distribution 
of the incident energy and the direction 
of reception. The angles generally speci- 
fied for irradiation and reception are 45 
and 0 deg to the normal, respectively. 

The terms defined above are general 
for radiation of all wavelengths. When 
the incident energy is light, these terms 
are preceded by the word “luminous.” 
Other terms in general use with their 
definitions may be found in ASTM 
Method D 307* which should be con- 
sulted. In this connection it is important 
to distinguish the difference in meaning 
of the two terms “reflectance” and 
“reflectivity.” The former refers to a 
property of an object or specimen, such 
as a coating-on-ground, where the indi- 
cated reflectance, total or directional, 
may be influenced by the reflectance of 
the substrate as well as that of the coat- 
ing. On the other hand, reflectivity 
characterizes a material rather than a 
specimen and is determined at such a 
thickness of the material that any in- 
crease in thickness will not change the 
measured value. 

In ASTM Method D 307* the symbol 
R, designates luminous directional re- 
flectivity. Total reflectance is usually 
designated by R and directional re- 
flectance by R with subscripts indicating 
the angles of irradiation and reception 
respectively. For example, Rj5.0 des- 
ignates the directional reflectance of a 
specimen when irradiated at 45 deg and 
observed at 0 deg to the normal, and 
Rs.» when irradiated at 5 deg and viewed 
diffusely. By the Helmholz reciprocal 
relation (2) it can be shown that these 
conditions of irradiation and observa- 
tion can be interchanged without affect- 
ing the result, that is, Ryso = Rows. 
Importance of specifying geometrical 
conditions becomes evident when it is 
known that the radiance of surfaces 
is usually a maximum in the group of 
directions near specular reflection and 
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that this maximum becomes more pro- 
nounced as the angle of incidence in- 
creases (3). 


REFLECTOMETRIC METHODS 


AND INSTRUMENTS 


With the foregoing very brief and 
much-abridged review of pertinent fun- 
damentals, let us now consider reflecto- 
metric methods and see how some of 
the more commonly available instru- 
ments fit into a significant reflectance 
test for curing materials. The two 
methods most widely used employ spec- 
trophotometers and filter photometers 
respectively for making reflectance meas- 
The former are capable of 
considerably higher precision than the 
latter and are usually used in referee 
tests. On the other hand, filter photom- 
eters provide means for making simple, 
rapid measurements, accurate enough 
for many purposes and at a reasonable 
cost. 

In this section only five commercial 
instruments will be discussed in relation 
to the present problem. Those wishing 
to become acquainted with other in- 
struments developed for this purpose 
should consult especially references (2,4, 
and 5). The five instruments selected 
are all of the photoelectric type and 
will serve to illustrate the principles 
of application involved. 


Spectrophotometry and 
elers: 


Spectrophotom- 


Spectrophotometry consists in deter- 
mining the ratio of two radiant energies, 
from sample specimen and_ standard 
specimen respectively, at successive 
wavelengths over the spectral range 
desired. By plotting this ratio (reflec- 
tion factor) against wavelength, a com- 
plete spectrophotometric curve can be 
obtained, and the area under this curve 
represents the reflectance of the sample 
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specimen relative to the standard speci- 
men. 

Since this procedure yields a ratio of 
two reflectances at each increment of 
wavelength, the resulting value of re- 
flectance for the sample specimen is 
independent of the spectral distribution 
of the incident energy and the spectral 
response of the photocell. Hence it is 
equivalent to the result which would 
be obtained with a source having an 
equal energy spectrum, that is, one 
emitting the same amount of energy 
at all wavelengths, and a _ photocell 
having equal response at all wavelengths 
in the given range. The essential re- 
quirements are that the source have a 
continuous spectrum and the photocell 
a measurable response throughout the 
specified range. 

If it is desired to know the reflectance 
of a specimen when irradiated by a 
source with known spectral energy dis- 
tribution, the reflection factor at each 
in¢rement of wavelength is multiplied 
by the relative energy of the source at 
that wavelength and the area under 
the resulting curve again integrated. 
This area must then be divided by the 
area under the curve obtained when 
the standard is similarly irradiated. 
Thus, reflectance measurements made 
by use of an incandescent lamp can be 
readily converted to reflectance values 
for irradiation by any other source 
whose spectral characteristics are 
known—for instance, average daylight 
(International Committee on Illumina- 
tion (ICI), illuminant C) or any of the 
three sources whose energy distributions 
are given in Fig. 1. 

Finally, in photometric problems in- 
volving appearance, the relative response 
of the observer’s eye to visible radiation 
must be taken into account. The eye 
does not respond equally to equal 
amounts of radiation at all wavelengths. 
It is much more sensitive to radiation 
in the yellow-green region of the spectrum 
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than in the blue or red and cannot per- 
ceive ultraviolet or infrared radiation 
at all. The relative brightness of equal 
amounts of energy is shown in the curve 
of Fig. 2 which is called the luminosity 
function and defines the response of 
the ICI standard observer (6). To 
evaluate the brightness of a specimen 
illuminated by a given source and viewed 
by the standard observer, the product 
of reflection factor of the specimen and 
relative energy of the source at each 
increment of wavelength must now be 
multiplied by the relative brightness 
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Fic. 2.—Luminosity Function. 
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at that wavelength and the area under 
the resulting curve integrated as before. 
Luminous reflectance of the specimen 
is then expressed as a ratio of the value 
so obtained to that for MgO when simi- 
larly illuminated and viewed. The 
calculation of luminous directional re- 
flectance may be expressed as follows: 


0 


Rue = (1) 
> 
0 
where: 
= luminous directional reflect- 
ance, 
Rx, = spectral directional reflectance 
(reflection factor), 


100 
90 
= 
gf’ 
oy 
‘. 


Ex = spectral irradiance (relative 
energy of source), 
= spectral luminosity (relative 
brightness), and 
AX = wavelength increment at which 
measurements are made. 


_ Tables of values for Ey , (Hy , spectral 
irradiance in ASTM Method D 307) for 
the ICI standard illuminants A, B, and 
C, and for 9, may be found in the litera- 
ture (6).* 

In general, spectrophotometers con- 
tain a lamp and a mechanico-optical 
system such that the radiant flux from 
the source is dispersed into its spectral 
components, which are then isolated 
successively in narrow bands to irradiate 
sample specimen and standard specimen. 
Reflected radiation is received by a 
photocell which measures the intensities 
of the reflected beams from the two sur- 
faces. In the recording type of instru- 
ment, sample specimen and standard 
specimen are illuminated alternately 
in rapid succession and a continuous 
curve of comparative reflectance is 
drawn. In the manual type, sample 
specimen and standard specimen are 
alternately placed in the beam and the 
reflectance ratio is recorded for each 
increment of wavelength. Wavelength 
settings are also made manually. Ex- 
amples of both types are described by 
Gibson (2). 

The two recording spectrophotometers 
considered here are the latest model of 
the Hardy, or General Electric (GE), 
and the new Beckman DK-2R. Both 
employ integrating spheres for collect- 
ing the flux reflected from sample speci- 
men and standard specimen, and the 
specular component can be either ex- 
cluded from or included in the measure- 

ment. Illumination is at 6 deg in the GE 
instrument and 5 deg in the Beckman 
with diffuse reception in both. When 
the specular component is included, they 
give values of total reflectance, Rs,» and 
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Rs,» respectively, but in any case can- 
not be used to measure luminous direc- 
tional reflectance, R430. An important 
distinction is the difference in range of 
the two instruments. As usually sup- 
plied, the GE covers an interval of 
about 0.38 to 0.80 uw while the Beckman 
has a range of 0.38 to 2.50 uw. The wide 
range of the latter makes it especially 
useful in the study of infrared reflectance. 
The spectrophotometer used in the 
Michigan State Highway Department 
Research Laboratory is a Beckman DU 
with reflectance attachment and is of 
the nonrecording type. With a tungsten 
lamp it has a range of about 0.38 to 
1.2 uw. This instrument does not have 
an integrating sphere, the specimen 
being illuminated perpendicularly and 
the reflected radiation collected at 45 
deg by an ellipsoidal mirror ring which 
focuses it on the receiver. Thus the 
specular component is excluded from 
the measurement. There is a spread of 
about 20 deg about the axis of the re- 
flected beam (35 to 55 deg) but the 
conditions closely approximate those 
recommended by the ICI for determining 
directional reflectance, R450. 


Filter Photometry and Photometers: 


As we have just seen, the measurement 
of reflectance by spectrophotometric 
methods involves determining reflectance 
ratios at successive wavelengths in a 
given spectral range. With nonrecording 
instruments the determinations are made 
at such wavelength intervals that the 
spectrophotometric curve so obtained 
would not be changed significantly by 
taking further readings. Readings at 
10-my intervals are usually adequate. 

For some purposes, readings taken at 
several spectral regions of relatively 
narrow width may be sufficient. In 
abridged spectrophotometry, these re- 
gions are isolated by suitable optical 
filters selected for the particular applica- 
tion in mind. 
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While abridged spectrophotometry 
may have a limited application to re- 
flectance measurements for curing ma- 
terials, we are chiefly concerned here 
with filter photometry of another kind 
which is used in tristimulus colorimetry. 
In the latter method, three separate 
filters—amber, green and blue—of rel- 
atively wide spectral range are so 
selected that, in combination with a 
particular source and photocell, the 
tristimulus values defining the color 
of the sample under ICI standard condi- 
tions of illuminating and viewing may 
be directly determined (7). Without going 
into the subject of colorimetry, it is 
important to note that use of the green 
tristimulus filter in conjunction with a 
corresponding source and photocell may 
be made to yield a single value which is 
very nearly proportional to luminous 
reflectance. By comparison with a suita- 
ble standard, the reflectance of the speci- 
men relative to that of MgO is easily 
found. 

Probably the best known photoelectric 
reflectometers of the tristimulus type 
are the Hunter and the Photovolt. Both 
of these instruments are constructed so 
that the conditions of illuminating and 
viewing conform to ICI recommenda- 
tions for determining directional reflec- 
tance, Ryo. In the Hunter instrument, 
illumination is at 45 deg and view- 
ing at 0 deg. In the Photovolt these 
conditions are reversed but equivale:t. 
With the green tristimulus filter, both 
instruments give values of luminous 
directional reflectance relative to MgO 
from single readings on sample specimen 
and standard specimen, respectively. 
The specular component of reflected 
flux is excluded from measurements of 
R4s,o in both instruments. 

For the measurement of infrared 
reflectance, both instruments are de- 
signed to filter out visible radiation from 
the incident beam and to give reflectance 
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values comparable to those obtained by 
the photographic method specified in 
Method 624.1 of Federal Specification 
TT-P-141b. In this method reflectance 
is defined in terms of the effect of the 
reflected energy on infrared-sensitive 
film when the specimen is irradiated by 
infrared energy from a 200-w tungsten 
lamp. It is pertinent to note that the 
response of the specified film does not 
extend beyond approximately 0.9 y 


in the infrared. i 


SPECTRAL CHARACTERISTICS OF 
CURING MATERIALS 


The third main factor entering into 
the design of a reflectance test for curing 
materials is the spectral characteristics 
of the materials themselves. To deter- 
mine these characteristics, four types 
of material were selected for reflectance 
tests, namely, white curing paper, buff 
curing paper, white polyethylene sheets, 
and white membrane curing compounds. 
All materials met applicable ASTM 
requirements in other respects. 


Reflectance Tests: 


Samples of these materials were tested 
in four different ways: (1) 0-deg, 45-deg 
luminous directional reflectance by the 
Photovolt reflectometer; (2) 0-deg, 45- 
deg luminous directional reflectance by 
the Beckman DU spectrophotometer; 
(3) infrared reflectance by the Hunter 
and Photovolt reflectometers; and (4) 
0-deg, 45-deg directional reflectance by 
the Beckman spectrophotometer 
over the wavelength range 0.31 to 1.20u 
weighted by the spectral distribution 
of solar energy but not by the luminosity 
function. To reduce variables to a min:- 
mum for the purpose of comparing test 
methods, the polyethylenes and mem- 
brane compounds were tested for re- 
flectivity rather than reflectance by using 
multiple thicknesses or coats. 

Methods 1 and 2 cover the visible 
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> TABLE II.—REFLECTANCE OF 
CURING MATERIALS. 


Reflectance, per cent 


Method ‘Method Method | Method 
No. 1¢ | No. 2° | No. 3¢ | No. 44 


Sample 


Wuite Curinc Paper 


57 58 64 60 
47 47 60 51 
49 50 56 51 
SS ee 47 | 48 | 49 | 50 
42 42 45 43 
45 48 48 48 
aces 54 55 62 57 
44 47 45 46 
Burr CurinGc PaPer 
ere | 32 | 32 | 44 | 38 
No. 11 | 32 51 43 
Wuite POLYETHYLENE 
‘| o4 | 93 | 92 | 80 
Sarr. 92 92 | 91 | 89 


Wuitre MemMBRANE CurRING CoMPouUND 


Sa 80 82 84 76 
| 76 77 | 84 74 
81 82 | 86 78 
81 83 | 85 7 
Sy 85 86 | 86 81 
84 86 86 80 

*ASTM Method E97-55,  Photovolt 
reflectometer, standard plaque 50Q 
reference. 


> ASTM Method D 307 - 44, Beckman DU, 
MgO reference. 

© TT-P-141b, Method 624.1. Hunter Multi- 
purpose reflectometer used for white and buff 
papers, Photovolt reflectometer for white 
polyethylenes and membrane curing compounds. 

4 Modified ASTM Method D 307 - 44, 
Beckman DU, MgO reference, ordinates 
weighted by Moon’s data for solar radiation in 
the range 0.3 to 1.24 

¢ Curing paper faced on one side with white 
polyethylene. 


portion of the spectrum only and give 
values of reflectance which represent 
the “epee” of the material when 
* 


ON REFLECTANCE TESTS FOR a CURING MATERIALS 


viewed by the ICI standard observer 
in average daylight (illuminant C). 
About 45 per cent of the total solar 
energy is included in this wavelength 
interval. 

Method 3 includes in the measurement 
a wavelength range of about 0.7 to 0.9 
u, Which contributes approximately 23 
per cent of the total insolation. Two 
reflectometers were used in this method, 
the Hunter for the papers and the Photo- 
volt for the polyethylenes and membrane 
compounds. This was necessary because 
of the lack of a complete set of secondary 
standards for either. Results from the 
two instruments checked to within 0.5 
per cent in luminous directional reflect- 
ance determined on the same samples. 

In method 4, the range of measure- 
ment includes more than 85 per cent of 
the total insolation. While this method 
does not include the specular compo- 
nent of reflected energy in the measure- 
ment, it unquestionably gives the most 
significant results of any of the four 
methods and was used as a standard 
for evaluation of the others. 


Results and Discussion: 


Data obtained from the four proce- 
dures applied to the four types of curing 
material are given in Table II and some 
illustrative spectrophotometric curves 
in Fig. 3. The curves in particular reveal 
some pertinent features of the different 
types of material. 

1. The white papers are somewhat 
selective, with spectral reflectance reach- 
ing a broad maximum at around 0.7 
to 0.8 uw, and declining very gradually 
or holding almost constant thereafter 
in the infrared. Sample No. 2 is a 2-yr- 
old paper of the same make as sample 
No. 1, and the depression of the curve 
in the visible region indicates the effect 
of age and possible bleeding of the bitu- 
minous layer through the surface. The 
three curves shown represent extremes 
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in characteristics of the nine samples 
of white paper tested, the others being 
intermediate in both spectral selectivity 
and directional reflectance. All of the 
curing papers were highly diffusing, 
having 60-deg gloss values of only 4 to 
6 units, measured with a Photovolt 
Model 610 reflectometer and Carrara 
glass standard having a gloss of 96 
units. 

2. Spectrophotometric curves for both 
samples of buff paper show progressively 
decreasing reflectance from the red to 
the violet end of the visible spectrum. 
This comparatively low reflectance in 
the blue region gives rise to the charac- 
teristic brownish color of the kraft 
paper. Sample No. 11 is of special in- 
terest. Spectral reflectance of this sample 
continues to rise, although at a diminish- 
ing rate, past the visible region and out 
to a wavelength of about 1.1 yw in the 
infrared before levelling off. This prop- 
erty enables it to equal the least re- 
flective ‘‘white” paper in reflectance 
determined in accordance with method 
No. 4 (Table II). 

3. The two polyethylene films, samples 
Nos. 12 and 13, exhibited nearly identical 
characteristics, the spectral reflectivity 
rising almost vertically at 0.4 yw to a 
well-defined maximum at about 0.45 yu 
and then diminishing gradually with 
increasing wavelength through the visi- 
ble and into the infrared regions. The 
curve for sample No. 14, curing paper 
faced with white polyethylene, shows 
the effect of film translucence on re- 
flectance and spectral selectivity. A 
similar effect is produced by placing a 
white polyethylene sheet on a_ black 
background. All three samples exhibit 
appreciable specular reflection with 60- 
deg gloss values in the range of 35 to 50 
units. . 

4. Finally, the spectrophotometric 
curves for white membranes are similar 
to > Came for the white polyethylenes in 
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the given wavelength interval except 
for a falling off of spectral reflectance 
at the blue end of the visible region. 
Sample No. 18 had a distinct yellowish 
cast, with samples 20 and 21 showing 
progressive increase in whiteness. All 
but two of the samples produced rela- 
tively “flat” finishes with 60-deg gloss 
values of less than 20 units. The two 
exceptions, Nos. 18 and 19, gave gloss 
values of 86 and 40 units respectively, 
which suggests the possible desirability 
of limiting the gloss of membrane com- 
pounds used for highway construction 
in order to prevent objectionable glare 
on newly opened pavements. 


RECOMMENDED TEST 


As a final step in selecting a suitable 
reflectance test for curing materials, 
let us turn again to the data in Table II. 
Since existing preference is divided 
between the luminous reflectance method 
of ASTM Method E 97 and the infrared 
reflectance method of Federal Speci- 
fication TT-P-141b, the primary com- 
parisons will be of methods Nos. 1 and 
3 respectively with method No. 4. Data 
for method No. 2 are included in 
the table only to indicate the degree 
of correlation that can ordinarily be 
expected between results from a spectro- 
photometer and filter photometer in a 
single test. As a matter of interest, 
spectrophotometric curves obtained by 
method No. 2 (ASTM Method D 307) 
gave nearly the same results for R4s,0 
whether or not the ordinates were 
weighted by the luminosity function in 
the computations. 

Reflectance values listed in Table II 
indicate that there is little to choose 
between methods No. 1 and No. 3 for 
measurements on white papers. Both 
gave reasonably close approximations 
to the more representative results ob- 
tained by method No. 4, although the 
values from method No. 1 were some- 
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what more consistent. Moreover, be- 
cause the curing papers are highly dif- 
fusing, values for directional reflectance 
can be assumed to give a reliable indica- 
tion of total reflectance. 

For buff papers neither method No. 
1 nor method No. 3 gave satisfactory 
results, the indicated value being too 
low in the former case and too high 
in the latter. These results can be 
deduced from the spectrophotometric 
curves of Fig. 3; the low reflectance in the 
visible region overinfluences the values 
obtained by method No. 1 and is not 
taken into account at all by method 
Ne. 3... ° 

For the white polyethylene, both 
methods gave slightly higher values 
than method No. 4. Method No. 3 
appears to have a little advantage for 
the plain white polyethylenes and 
method No. 1 for the polyethylene- 
faced paper. These conclusions could 
also be drawn from the spectrophoto- 
metric data given in Fig. 3. 

While both methods produced re- 
flectivity values for white membranes 
which were somewhat high, the results 
obtained by method No. 1 were con- 
sistently and appreciably nearer those 
obtained by the reference method and 
can be considered a satisfactory approxi- 
mation. The spectrophotometric curves 
again provide the explanation: method 
No. 1 takes into account the moderate 
falling off of spectral reflectivity in the 
blue region, while method No. 3 does 
not. 


SUMMARY 


These tests indicate that ASTM 
Method E 97 is at least equal to Method 
624.1 of Federal Specification TT-P- 
141b in significance and somewhat 
superior in consistency of results. In 
general, the former method yielded 
better reflection values for all of the 
white materials except the plain white 


polyethylene sheets. It should be em- 
phasized, however, that both methods 
are empirical and depend for their valid- 
ity on restriction to tests of relatively 
nonselective materials. We have already 
seen that neither method can be applied 
to the regular kraft papers or, by analogy, 
to other materials exhibiting highly 
selective spectral reflection. 

On the basis of this study, then, it is 
concluded that ASTM Method E 97 
for routine testing and ASTM Methods 
D 307 and D 791 for reference are the 
best that can be found at present using 
commercial photometric equipment cur- 
rently available at a reasonable cost. 


Nore: It will be evident from the pre- 
vious discussion that the only true indica- 
tion of the ability of a given material to 
reflect solar energy would be furnished by 
an integrated measurement throughout all 
three regions of the solar spectrum, ultra- 
violet, visible and infrared. In such a 
measurement, total spectral reflection should 
be weighted by the energy distribution of 
solar radiation, but not by the luminosity 
function. Measurements of this kind can be 
made with sufficient accuracy by using the 
recording spectrophotometers described 
earlier. In most laboratories, however, the 
results would not justify the time and 
expense involved. 

As a possible alternative it might be 
feasible to construct a reflectometer, or 
modify an existing one, so that an ap- 
proximation of the true value of total re- 
flectance could be obtained in a single 
reading. Following the design principles of 
the Hunter instrument (7), the source-filter- 
photocell conditions for such a measure- 
ment are that 


at all wavelengths in the solar spectrum. In 
this equation £, is the solar energy distribu- 
tion, Er the energy distribution of the 
source in the instrument, T the transmission 
of the filter, s the relative response of the 
receiver and A a constant. By using a 
thermopile as the receiver, s can be made 
equal to 1, and the problem reduces to one 
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of finding a source-filter combination which 
will duplicate the energy distribution of 
solar radiation. No attempt has been made 
to find or make such a source-filter combina- 
tion, and it is not known whether or not it 


is possible to do so. 


The study reported here was originally 
undertaken in connection with an as- 
signment from C. E. Proudley, chair- 
man of Subcommittee III-g for Methods 
of Testing and Specifications for Materials 
Used in Curing Concrete, of ASTM 
Committee C-9 on Concrete and Con- 
crete Aggregates to Task Group VI of 
which W. W. McLaughlin, Testing and 
Research Engineer, was chairman. This 
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Messrs. BRYANT MATHER! AND LEON- 
ARD PEPPER! (presenied in wrillen 
form).—The authors are to be compli- 
mented for making available the results 
of their significant evaluation of the 
factors and phenomena involved in 
reflectance testing of curing materials 
and the results of their comparison of 
available standardized methods of meas- 
uring reflectance. Our discussion is 
presented to raise one, probably minor, 
question concerning one conclusion and 
to describe the experience we have had 
with a specification limit on and test for 
reflectance of membrane-forming com- 
pounds for curing concrete. 

The authors conclude that ASTM 
Method E 97? is at least equal to Method 
624.1 of Federal Specification TT-P-141b 
in significance. This conclusion is cer- 
tainly justified by the data the authors 
present and for the materials they tested. 
We would like to point out, however, 
that the ASTM method would not be as 
satisfactory for materials having the 
reflection characteristics of samples Nos. 
12 and 21. The authors note that both 
methods ‘“‘depend for their validity on 
restriction to tests of relatively non- 
selective materials.” This is very im- 
portant. The human observer can see 
and to some extent estimate the re- 
flectance of a white material, but he 


7? 


1 Engineer and Chemist, respectively, Con- 
crete Division, U. 8S. Army Engineer Waterways 
Experiment Station, Jackson, Miss. 

2 Method of Test for 45-deg, 0-deg Direc- 
tional Reflectance of Opaque Specimens by 
Filter Photometry (E 97-55), 1958 Book of 
ASTM Standards, Parts 4, 5, 8, and 10. 


DISCUSSION 


cannot do the same for infrared re- 
flectance. The ASTM method will give 
results that are more misleading than 
those that would be given by the Federal 
method in the case of the unusual ma- 
terial which has a rather sharp cut-off 
in reflectance in the infrared range. As is 
stated in the paper, the original objective 
of the authors’ study was to recommend a 
specification and method of test for white 
curing papers. It, therefore, follows that, 
although liquid membrane-forming cur- 
ing compounds were included in the 
study, the conside1ation of appropriate 
specifications and methods of testing 
them was not covered in detail. 

The U. S. Army Corps of Engineers 
in 1952 modified its specifications for 
membrane-forming compounds for cur- 
ing concrete to require that these ma- 
terials be pigmented and that they be 
tested in a specified manner for reflect- 
ance. The test method adopted was 
based on that given in Methods 406.1 
and 612.1 of Federal Specification 
TT-P-141b, involving the use of the 
Hunter multipurpose reflectometer used 
in the manner described in the National 
Bureau of Standards Research Paper 
No. 1345 with a Wratten No. 88 filter. 
This procedure was selected because of 
previous successful experience with its 
use at the South Pacific Division Labora- 
tory of the Corps of Engineers. The 
method has been used satisfactorily 
since 1952 by the three Corps of Engi- 
neers laboratories engaged in testing 
curing compounds for acceptance—the 
South Pacific Division Laboratory, the 
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Ohio River Division Laboratory, and 
the Concrete Division of the Water- 
ways Experiment Station. The speci- 
fication limit is not less than 65 per cent, 
and the test is performed on the surface 
of a mortar specimen. The specimen is a 
1:3 graded Ottawa sand mortar of 0.53 
water-cement ratio molded to the shape 
of a disk 8 in. in diameter, ? in. thick. 
The specimen is smooth trowelled and 
the compound is sprayed on at 200 sq 
ft per gal. The test is made after the 
specimen has been stored at 30 + 3 
per cent relative humidity; 100 + 2 F, 
and in an atmosphere moving at 10 + 3 
mph over the specimen surface for not 
less than 24 hr. Obviously, most of these 
factors will affect the reflectance that 
is measured and hence need to be speci- 
fied in order to develop a reproducible 
test and set appropriate specification 
limits. 

The indications we have are that the 
reflectance test as specified by the Corps 
of Engineers is a test that has very good 
reproducibility. In the laboratory we 
generally obtain successive reflectance 
readings on a single test specimen that 
agree within +1 per cent and only rarely 
do they show as much as +2 per cent 
spread. The difference between suc- 
cessive readings is probably caused by 
differences in thickness of the membrane, 
differences in smoothness of the mortar 
surface, differences in moisture content 
of the mortar substrate, and similar 
factors. The good reproducibility of 
the test is also revealed by the fact that it 
is apparently possible for a manufacturer 
to produce a product with an average 
reflectance very close to the specified 
minimum and still have an acceptably 
high percentage of samples pass the test. 
The last 100 samples that were accepted 
from the production of a single manu- 
facturer had reflectance test values 
distributed as follows: 
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‘ the general conclusion arrived at, namely, 


Number 

Test Result of Tests 
19 


It is also indicated by the progressive 
reduction in average reflectance of the 
product represented by these samples 
during the period covered. The average 
reflectance of the 100 samples was 66.5 
per cent. The averages of consecutive 
groups of 10 samples were 66.9, 67.2, 
66.9, 67.6, 66.9, 66.3, 65.5, 66.3, 65.4, 
and 65.7 per cent; or for the first 50, 
67.1 per cent and for the second 50, 
65.8 per cent. 

Messrs. H. Jonns*® anp P. W. Lewis* 
(by letter)—The paper is interesting 
and quite comprehensive in the amount 
of testing done to determine a method 
for measuring the reflectance of curing 
materials. It is gratifying to note that 


that ‘“‘the only true indication of a given 
material to reflect solar energy would 
be furnished by an integrated measure- 
ment throughout all three regions of 
the solar spectrum, ultraviolet, visible, 
and infrared,” is similar to our thinking 
on the subject. However, there is some 
question in our minds whether it is ; 
necessary to consider all three bands 
since only a small amount of the energy 
contained in the ultraviolet band is 
converted into heat. While there is 
considerable energy in the ultraviolet 
band, most of it is dissipated in the 
surface of an object in the form of chemi- 
cal energy. The significant bands are 
then, to our way of thinking, the visible 
and infrared bands so far as the con- 
sideration of heat absorption is con- 
cerned. Of these two bands, we _ be- 
lieve the visible band to be more .% 
advantageous for curing compound tests. 


3 Engineers, Division of Engineering Labora- 
tories, Bureau of Reclamation, Denver, Colo. 
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Approximately 10 years ago, in our 
studies of white-pigmented compounds 
as a means of reducing concrete tempera- 
tures, we obtained good correlation be- 
tween daylight reflectances and heat 
absorption in concrete as shown in the 
accompanying Fig. 4. It has been our 
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yellow, we found decreasing daylight 
reflectances as the yellowing increased, 
as expected, but little, if any, difference 
in relative infrared reflectance. Our 
exploratory data on this investigation, 
being brief, are not suitable for further 
presentation other than to mention it. 
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experience that some white-pigmented 
compounds yellow considerably when 
exposed to weathering, with a resulting 
decrease in daylight reflectance. This, 
of course, increases the heat absorption, 
raising the temperature of the concrete 
mass. 

In recent brief tests on a set of speci- 
mens with varying degrees of yellowness, 
ranging from white to medium dark 


Temperature in Concrete, deg Fahr 
Fic. 4.—Correlation Between Daylight Reflectance and Heat Absorption in Concrete. 


It is our belief that as yellowing occurs, 
the daylight reflectance decreases, re- 
sulting in increased absorption of the 
higher energy, shorter wavelength light, 
particularly in the blue region. There 
may or may not be a corresponding 
change in the infrared region. 

In the subject paper, no mention is 
made of correlating surface and mass 
temperature with reflectance readings. 
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DISCUSSION ON 


Since concrete temperature reduction is 
the principal reason for using white- 
pigmented sealing compounds, it seems 
that a study of the relationships of sur- 
face and mass temperatures with ap- 
parent daylight reflectance and infrared 
reflectance should be made before any 
particular method or combination is 
selected as a standard. 

Based upon our knowledge and ex- 
perience to date, however, if only one 
of the radiation bands is to be used in 
reflectance tests, the advantages appear 
to be in favor of the daylight reflectance 
test. 

Messrs. C. C. Ruopes, M. H. 
Janson, AND M. G. Brown (authors’ 
closure)—Bryant Mather and Leonard 
Pepper have presented some. interesting 
information on the experience of the 
U. S. Army Corps of Engineers with 
reflectance tests of membrane-forming 
compounds for curing concrete. There are 
several statements in their discussion of 
the present paper, however, on which 
the authors would like to comment. 

We cannot agree with the statement 
that “The ASTM method will give re- 
sults that are more misleading than 
those that would be given by the Federal 
method in the case of the unusual ma- 
terial which has a rather sharp cut-off 
in reflectance in the infrared range.” 
As pointed out in the paper, the applica- 
ble portion of the Federal method, 
which is essentially the same as Corps 
of Engineers method CRD-C 311-52, 
covers a wavelength range of approxi- 
mately 0.7 to 0.9 uv in the infrared, which 
range includes only about 23 per cent 
of the total insolation. Can we say that 
reflection of this 23 per cent is more 
important or significant than reflection 
of the approximately 45 per cent of the 
total energy found in the visible range? 
Even if such an “unusual material” 
were found, a reflectance measurement 
by either the Federal method or the U. S. 
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Army Corps of Engineers method could 
be even more misleading as an indica- 
tion of total reflectance than one by 
ASTM Method E 97 because of the rela- 
tive proportions of incident energy 
involved in the measurements. Actually, 
of all curing materials which we have 
tested spectrophotometrically so far, 
we have failed to find one of any type 
which is “white” in the visible range and 
“black” in the infrared. 

In connection with specifications and 
tests of membrane curing compounds we 
should like to mention that, while the 
study reported in the present paper was 
initiated in connection with require- 
ments for curing paper, Michigan has 
been specifying, testing and using white 
membrane curing compounds since 1949. 
Our first specification contained a re- 
quirement of a minimum daylight re- 
flectance of 70 per cent relative to 
magnesium oxide and this requirement 
has been maintained in all subsequent 
issues. We should also like to call atten- 
tion again to the reflectance values for 
white membrane compounds given in 
Table II, which indicate that results 
obtained by ASTM Method E 97 are 
consistently and appreciably nearer 
those obtained by the reference method 
than are those obtained by Federal 
Method 624.1. 

The authors are in accord with the 
comments of Messrs. H. Johns and P. W. 
Lewis regarding the relative significance 
of ultraviolet incident energy in a re- 
flectance test for concrete curing ma- 
terials. As stated in the paper, energy 
in the ultraviolet range  ordinariiy 
constitutes only about 4 per cent, or 
less, of the total insolation. Although 
this amount is small and can be neglected 
in most cases, it should be included in a 
complete determination of total reflect- 
ance. 

We concur also in the observation by 
Messrs. Johns and Lewis that white com- 
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pounds sometimes yellow with exposure 
and that such yellowing would be ac- 
companied by an increase in energy 
absorption. Because of the relatively 
short total exposure in a normal curing 
period and the fact that the first day or 
two is the most critical interval for stress 
control in the concrete, we do not be- 
lieve that changes of this kind would 
be of major significance. 

The data presented by Messrs. Johns 
and Lewis in Fig. 4 are timely and signif- 
icant. They indicate that a change in 
temperature of 1 F corresponds roughly 
to a change in luminous directional 
reflectance of 2 per cent at that particular 
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geographical location and confirm, quali- 
tatively at least, results of similar ex- 
periments in other laboratories, including 
our own. In the matter of correlating 
surface and mass temperatures with 
reflectance values, we agree that a study 
of the relationship of temperature to 
luminous directional reflectance and 
infrared reflectance would be interesting, 
though difficult. There is some question 
in our minds that such a study would 
yield sufficient additional information 
to justify the delay it would cause in 
adoption of a standard reflectance test 
for concrete curing materials. 
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INFLUENCE OF VARIOUS FACTORS ON SULFATE viene, 
OF CONCRETES CONTAINING POZZOLAN* 


By Mitos PottvKa! AND ELwoop H. Brows? 


Syopsts 


Concrete exposed to sulfate waters or alkali soils generally exhibits a rapid 
rate of deterioration because of the expansive forces developed during crystal- 
lization of sulfoaluminates. 

Reported are results of a research program undertaken to determine the ef- 
fects of several types of exposure and periods of curing on the sulfate resistance 
of concretes containing portland cements of high and very low C;A content 
with and without pozzolan replacements. The three pozzolans employed with 
each one of the cements included calcined shale, fly ash, and pumicite. The 
two sulfate solutions used were a mixture of sodium and magnesium sulfates 
and a solution of sodium sulfate only. The effects of sulfate exposures were 
judged by several criteria: loss in weight, change in length, change in com- 
pressive strength, and visual observation. 

From the results of this investigation it is concluded that the use of a high- 
quality pozzolan in concretes containing high C;A cement will greatly improve 
their sulfate resistance; that the sulfate resistance of a concrete containing the 
plain cement of very low C;A content is so high that no improvement through 
use of pozzolanic replacement is possible; that an extended period of curing 
beyond 28 days has little or no effect in improving sulfate resistance; that the 
sodium-magnesium sulfate attacks exposed concrete surfaces, causing surface 
scaling, whereas the sodium sulfate tends to penetrate into the concrete causing 
swelling and cracking without scaling of exposed surfaces; and that the loss-in- 
weight method seems to provide the most positive evaluation of potential 
sulfate resistance. 


It has been well established by exten- waters or to the action of alkali soils (1).* 


sive investigations in the laboratory and 
by examinations of structures in the field 
that some portland-cement concretes 
tend to deteriorate and disintegrate if ex- 
posed to the continuous action of sulfate 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Associate Professor of Civil Engineering, 
University of California, Berkeley, Calif. 

2 Associate Engineer, University of California, 
Berkeley, Calif. 


Also, it has been established that this 


physical disintegration occurs as the re- 
sult of chemical reaction during which 
crystals of calcium sulfoaluminate are 
formed, producing expansive forces and 
causing disruption of the concrete (2). La- 
boratory investigations of the resistance 


3 The boldface numbers in parentheses refer 


to the list of references appended to this papcr, 


see p. LO98. 
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of portland-cement concretes have shown 
that the resistance to sulfate action is 
principally influenced by the tricalcium 
aluminate (C3A) content of the portland 
cement (3-7). As the C3;A content in- 
creases above about 5 or 6 per cent, the 
resistance of the concrete to sulfate action 
decreases. ASTM specifications‘ for type 
V cement require the C;A content not 
to exceed 5 per cent, the C,AF plus 
twice the C;A not to exceed 20 per cent, 
and the C,;S not to exceed 50 per cent. 
Several research projects as well 

field structures have demonstrated that 
the use of an active pozzolan of suitable 
quality as a replacement of a portion of 
the cement produces concrete that is con- 
siderably more resistant to sulfates than 
that produced by the portland cement 
alone. During the construction of the 
Colorado River Aqueduct for the Metro- 
politan Water District of Southern Cali- 
fornia, an extensive investigation of the 
sulfate resistance of both mortars and 
concretes containing portland cements 
and a variety of portland-pozzolan ce- 
ment blends was undertaken at the Dis- 
trict laboratory (8). The results of this 
investigation confirmed the conclusion 
that pozzolans of high quality used as 
partial replacements of medium to high 
C;A-content portland cements substan- 
tially increased the resistance of concrete 
to sulfate action. Other investigations 
(9-12) made in the Engineering Materials 
Laboratory at the University of Califor- 
nia have shown that pozzolans of suit- 
able quality improve the sulfate resist- 
ance of concrete. 


Scope OF PRESENT INVESTIGATIONS 


The investigations described in this 
paper were undertaken to determine the 
effects of several types of exposure and 
the period of curing on the sulfate resis- 
tance of concretes containing portland 
cements of high and very low C;A con- 


_ Spec ific ations for Portland Cement (C 150 - 
56), 1958 Book of AS’ rM Standards, Part 4. 


vith: 
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tent with and without pozzolan replace- 
ments. The effects were judged by several 
criteria in order to determine the most 
suitable criterion for evaluating sulfate 
resistance. 

In order to carry out this program and 
still keep the number of specimens and 
observations within practical limits, only 
three pozzolans were employed with each 
one of the two cements. Moist-curing 
periods were 14 days, 28 days, 3 months, 
and 6 months. After each particular pe- 


TABLE I.—ANALYSES OF 
PORTLAND CEMENTS. 
High Cia | Very Low 
Constituent Portland 


Cement 


OxipE COMPOSITION, PER CENT BY WEIGHT 


Loss on ignition......... 2.01 1.29 


CALCULATED CoMPOUND COMPOSITION, 
PER CENT BY WEIGHT 


C,AF + 2 C 3A 31.6 15.1 


riod of curing, the specimens were im- 
mersed in each of two different sulfate 
solutions, namely, a mixture of sodium 
and magnesium sulfates, and a solution of 
sodium sulfate only. Corresponding con- 

trol specimens were immersed in water. 
For the sodium-magnesium-sulfate so- 
lution, the exposures were (a) complete 
immersion, (6) half immersion, and (c) 
daily cyclic treatment. For the sodium- 
sulfate solution, specimens were sub- 
jected to a 4-week cyclic wetting-and- 
drying treatment similar to that used by 
Higginson and Glantz (7). Four different 
methods of see sulfate resistance 
| 


| 
| 
= 


F 


ice 


were employed: (a) loss in weight, (d) 
change in length, (c) change in compres- 
sive strength, and (d) visual observation. 
A photographic record of the condition 
of the specimens during exposure to sul- 
fates was also made at regular intervals. 
Samples of this photographic record are 
shown in Figs. 1 to 4. 

The investigation involved the casting, 
curing, and treatment of 2520 concrete 
specimens. 


MATERIALS AND PREPARATION 
OF SPECIMENS 
Cements: 


Table I gives the chemical analyses of 
the two portland cements. The C;A con- 


investigations, each had been found to | 


possess satisfactory pozzolanic activity 
and to produce concretes of very low ans 
permeability. 


The values of specific gravity and ‘3 
fineness for each of the two cements and b- ‘| 
the three pozzolans are shown in Table 
II. 


Aggregates: 


The sand, was from 
Monterey, Calif. Its fineness modulus 
was 2.67. 

The coarse aggregate was a waterborne 


TABLE II.—SPECIFIC GRAVITY AND FINENESS OF CEMENTING MATERIALS. 
Specific 

High C;A (11.7 per cent) 3.14 3300 

Portland cement......... { 2 Very low C3A (2.8 per cent) 3.17 3500 
s Shale, calcined at 1400 F 2.35 9050 

Fly ash, 1.8 per cent carbon 2.46 3600 
Pumic ite, raw 2.33 4950 


@ Specific surface of portland cements determined by Blaine air-permeability method, and for 


pozzolans by Klein hydrometer. 


tents of the high and very low C;:A ce- 
ments were 11.7 and 2.8 per cent re- 
spectively. The amount of C,AF plus 
twice the C3;A was 31.6 per cent for the 
high C;A cement and 15.1 per cent for 
the very low C3;A cement. 

The very low C3;A cement was found 
in earlier investigations to have a very 
high sulfate resistance. It was selected to 
determine whether pozzolan replacements 
would produce concretes more resistant 
to sulfate action than those containing 
the very low C;A cement without replace- 


ment. 


The three pozzolans, each used in the 
amount of 25 per cent by weight of total 
cementing material (portland cement 


gravel from the American River at Fair 
Oaks, Calif., ranging in size from pass- 
ing No. 4 to 2-in. sieve. = 
The aggregates were chosen for their ex- 
cellent uniformity and quality. The indi- . 
vidual particles of both sand and gravel 
were hard, sound, of low absorption, and _ 
highly resistant to sulfate action. The 
sand-aggregate ratio was 0.45 by weight. | 


Concretes: 

The nominal cementing-material con- 
tent of the concretes was 5 sacks (470 lb) 
per cu yd. The water content was ad- 
justed to obtain a workability, as meas- 
ured by the Powers’ remolding effort, of 
15 jigs. The consistency, as measured by 
slump, ranged from 3.0 to 3.7 in. Prop- 
erties of fresh concretes are given in 
Table III. The data shown are average 
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plus pozzolan), included a calcined opal- 
e shale, a low-carbon fly ash, and a 
imicite or volcanic ash. From previous 
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values obtained from 15 batches for each 
of the eight concretes. 

The water requirement of concretes 
containing calcined shale was about 19 
per cent higher than that of the cor- 
responding control mixes. For the con- 
cretes containing fly ash it was about 6 
per cent lower, and for those containing 
pumicite about 3 per cent higher. 


Test Specimens: 


The specimens were 3 by 6-in. cylin- 
ders, three for each test condition, and 
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the time of immersion, The specimens to 
be immersed in the sodium sulfate solu- 
tion were cured in fog for 14 days, after 
which they were stored in air at 70 F and 
50 per cent relative humidity until the 
time of immersion. 


SULFATE EXPOSURES 


Solutions: 


The sodium-magnesium sulfate solu- 
tion contained 5 per cent sodium sulfate 
plus 5 per cent magnesium sulfate. The 


TABLE III.—PROPERTIES OF FRESH CONCRETE. 


Cementing material (cement or cement plus pozzolan) content, 5 sacks (470 Ib) per cu yd 
0-34 in. maximum size aggregate, sand-aggregate ratio 0.45 by weight, fineness modulus of sand 2.67 


Water- 
Peascien us emolding ump, tion ow, eight, t, 
0: in. of per cent vex per 
weight 
Hieu C3A Cement (11.7 PER CENT) 
0.53 14 3.4 1.8 109 152.1 2.6 
0.66 14 3.0 1.6 96 148.5 2.2 
0.55 15 3.3 1.8 102 150.5 2.3 
Very Low C;A Cement (2.8 PER CENT) 
0.53 16 3.7 1.6 119 152.7 2.3 
0.65 14 3.1 1.4 103 149.0 1.9 
0.49 14 3.5 1.4 106 153.5 1.6 


were cast in steel molds. Each specimen 
to be used for determination of length 
change had a gage plug embedded in the 
center of each end. 


Casting and Curing of Specimens: 


The specimens were cast from batches 
of concrete mixed in a bowl-type tilting- 
drum mixer of 1-cu ft capacity. The mix- 
ing and casting were done in a room 
maintained at 70 F and 95 per cent rela- 
tive humidity. Immediately after being 
cast, specimens were stored in fog at 70 
F for a period of 24 hr. The molds were 
then removed and the concrete specimens 
to be immersed in the sodium-magnesium 
sulfate solution were cured in fog until 


plain sodium sulfate solution contained 
2.1 per cent sodium sulfate. 

For specimens completely immersed, 
the volume of solution was equal to the 
volume of the specimens. For specimens 
subjected to half immersion, the volume 
of sulfate solution was one half of the 
total specimen volume. In this latter case, 
the immersion containers were of a size 
which accommodated only the three 
specimens of a given condition. The lower 
half of each of the 3 by 6-in. concrete 
specimens was immersed in the sulfate 
solution, and the upper half of each was 
exposed to air at 70 F and 50 per cent 
relative humidity. A thin metal cover, 
perforated to fit over the three specimens, 


_ was used on each container to minimize 
evaporation of the solution. 
s 


At intervals of 28 days, while the speci- 
“mens were removed from the solutions 
for observation, the containers were 

cleaned and filled with fresh solution. 


Exposures: 


In actual service, concretes are sub- 
jected to a variety of sulfate exposures, 
none of which can be exactly duplicated 
in the laboratory. Concrete pipe and 
drain tile, for example, would be subject 
to drying very infrequently. Footings, 


TABLE IV.—SULFATE SOLUTIONS AND TYPES OF EXPOSURE. 
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sion for 27 days at 70 F, followed by one 
day of drying in air at 70 F and 50 per 
cent relative humidity. The solutions 
and the types of exposure are given in 
Table IV. 


METHODS OF EVALUATING SULFATE 


RESISTANCE 


The following methods of evaluating 
the potential resistance of concretes to 
sulfate action were employed: 

1. Disintegration as measured by loss 
in weight. 

2. Change in length, as compared to 


Solution of Immersion 


Type of Exposure 


Solution I: 
Mixed solution 


Noe 


. Complete immersion at 70 F 


5 per cent sodium sulfate 
plus 
5 per cent magnesium sulfate 


. Half immersion at 70 F with upper half exposed to 50-per 
cent relative humidity 

3. Cyclic treatment—Complete immersion at 70 F for 16 hr 

followed by drying in circulating air at 130 F for 8 hr. 

Five cycles a week and two days of complete immersion 


Tap water (control) 


each week-end 


Complete immersion at 70 F 


Solution IT: 
2.1 per cent sodium sulfate 


Tap water (control) 


Complete immersion at 70 F for 27 days, followed by 1 day 
of drying at 70 F and 50-per cent relative humidity 


Same treatment as that for the 
solution 


2.1 per cent sodium-sulfate 


retaining walls, and slabs resting on the 
ground may have surfaces which are 
exposed to long periods of drying. Por- 
tions of piers, piles, and other structures 
in ocean water may be subjected to regu- 
lar wetting-and-drying cycles due to tidal 
changes. 

To simulate possible field exposures, a 
complete immersion, a half immersion, 
and a cyclic wetting-and-drying exposure 
was employed for concrete specimens 
subjected to the action of the sodium- 
magnesium sulfate solution. This cyclic 
treatment consisted of a daily cycle of 16 
hr of immersion at 70 F, followed by 8 hr 
in circulating air at 130 F. For concrete 
specimens subjected to the action of the 
plain sodium sulfate solution, the cyclic 
treatment consisted of complete immer- 


length just prior to beginning of sulfate 
treatment. 
3. Compressive strength as compared _ 


with that of corresponding control speci- . 

mens of the same age immersed continu- 

ously in water, and o. 
4. Progress of disintegration as judged 


by visual observation and from photo- rs 
graphs of concrete specimens taken at - 
regular intervals. a 

The following is a brief description ‘| 
the procedure employed in connection 
with each method of evaluating poten-— 
tial resistance to sulfate attack. 


Loss in Weight: 


The initial weight of each of the three 
specimens of a test condition to be eval- 
uated by the loss-in-weight method was a4 
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determined just prior to beginning treat- was computed. The average value for 
ment in the sulfate solution. At intervals the three specimens for each condition 
of 28 days, each specimen was subjected was plotted on a graph similar to Fig. 6. 
to a blast with an air jet at 80 psi for 1 When the average expansion of the con- 
min to remove surface water and loose crete specimens reached the value of 1500 


HIGH CEMENT VERY LOW CEMENT 
PLAIN 
CEMENT 
| 25% 

10) CALC. 
SHALE 
2 4 
2 
ao 
a 
= 
= 25% 
= 10 FLY 
ASH 
20 

3-° 25% 3 

10) PUMI- 

CITE 

3 6 9 12 iS 18 3 6 9 15 18 


Period of Exposyre, months 


Fic. 5.—Effect of Sulfate Exposure on Loss in Weight of Concretes with Pozzolan. (28-day curing 
prior to sulfate exposure.) 


= in 5 per cent sodium plus 5 per cent sulfate. 
3 = complete immersion in 2.1 per cent sodium sulfate. idole : ; 


grains; then it was weighed and its 


wo 
change in weight was computed. Values E me 7 
of loss in weight were plotted ina man- € Cement — 
ner similar to the plots shown in Fig. 5. £1000 
When a specimen exhibited 25 per cent 2 / 
loss in weight, it was considered to have ~ 25% 
failed. = 500 
4 25% 
3 Fly As 
Change in Length: 5 
An initial reading-of length was taken 


e Exposure Period months 
on each of the three specimens of a test f 
dt Fic. 6.—Effect of Sulfate Exposure on Ex- 


condition prior to immersion in the par- pansion of High C;A Cement-Concretes with 
ticular sulfate solution. Specimens were Pozzolan. 


observed for length at intervals of 28 Complete immersion (after curing for 28 
. days) in 5 per cent sodium plus 5 per cent 

days thereafter, and change in length magnesium sulfate. 
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millionths (0.15 per cent), failure was 
considered to have occurred. 


Change in Compressive Strength: 


At the conclusion of specified periods 
of exposure, namely, 3, 6, and 12 months, 
three specimens of each test condition, if 
not too badly disintegrated, were tested 
for compressive strength. Also tested 
were the companion control specimens 
immersed in water. Tables V and VI 
give the average values of compressive 
strength for all test conditions. The 
change in compressive strength was com- 
puted as the difference in strength of 
specimens immersed in sulfate solution 
and the strength of corresponding speci- 
mens immersed in water. This difference, 
expressed in per cent, is also given in 
each table. Compressive strengths were 
computed on the basis of original cross- 
sections. 


Visual Observation: 


At intervals of 28 days, after the start 
of treatment, each loss-in-weight speci- 
men was inspected, and at intervals of 3 
months the one specimen selected to be 
representative of the average of the three 
specimens of a test condition was photo- 
graphed in order to have a visual record 
of the progress of disintegration. These 
photographs were mounted on sheets of 
cardboard. Each sheet represented the 
set of photographs taken for a particular 
curing period (28 days, 3 months, or 6 
months), and for exposure periods of 3, 
6, 9, 12, and 18 months. Each type of 
portland cement was represented by fif- 
= of these sheets. Figures 1 to 4 show 


= — reduced in scale from the full -size 
sheets. 


Test RESUrTS 


The results of this investigation are 
discussed under the following headings: 
(1) ane of type and period of sulfate 
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exposure; (2) Effect of length of curing 
period prior to sulfate exposure; (3) Types 
and degree of disintegration caused by 
various sulfate exposures; and (4) Eval- 


uation of methods of test for sulfate re- 
sistance. 


Effect of Type and Period of Sulfate Ex- 
posure: 


The progress of disintegration with 
time of exposure (6, 12, and 18 months) 
to sulfate attack of concretes cured for 
28 days is illustrated in Figs. 1 and 2. 
Concretes shown in Fig. 1 contained the 
high C;A (11.7 per cent) cement and 
those in Fig. 2 contained the very low 
C3A (2.8 per cent) cement. In the first 
(left-hand) row in each set of photo- 
graphs are specimens containing plain 
portland cement; in rows two, three, and 
four are specimens in which 25 per cent 
by weight of the portland cement was re- 
placed by calcined shale, fly ash, or pumi- 
cite respectively. 

High C3A Cement—Sodium-Magne- 
sium-Sulfate Exposure-—-A_ study of 
Fig. 1 shows that concretes containing 
the plain cement and immersed in the 
sodium-magnesium-sulfate solution (5 
per cent sodium sulfate plus 5 per cent 
magnesium sulfate) disintegrated rapidly 
regardless of whether completely or half 
immersed. In both cases the specimens 
had disintegrated completely after only 
10 months of exposure. 

Figure 1 shows also that a 25 per cent 
replacement of the plain portland cement 
by either fly ash or pumicite resulted in 
concretes of superior sulfate resistance as 
compared with the plain portland ce- 
ment. Exposure to either complete or half 
immersion for 18 months was required 
before these specimens exhibited consid- 
erable surface scaling and spalling, ex- 
posing the larger pieces of aggregate. 

In contrast to the high degree of re- 
sistance to sulfate attack exhibited - 
conc retes containing fly ash and pumi- 
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cite, those containing calcined shale, 
when subjected to complete immersion, 
failed after 10 months of exposure. The 
specimens subjected to half immersion 
were near failure after 18 months of ex- 
posure. A possible cause for the poor per- 
formance of concretes containing this 
calcined shale might be their higher water 
requirement (19 per cent higher than that 
of the corresponding plain cement con- 
crete). A possible explanation of the poor 
sulfate resistance of concretes containing 
calcined shale was the fact that the shale 
was calcined at only about 1400 F. In 
previous investigations (9,10) the same 
type of shale, calcined at 1600 F showed 
a great improvement in sulfate resistance 
compared with that obtained for con- 
crete containing plain portland cement. 
The loss-in-weight data for concretes 
cured 28 days and containing the high 
C;A cement are given in the left half of 
Fig. 5, for both complete and half im- 
mersion. These data again show the rapid 
disintegration of concretes containing the 
plain high C3A cement, failure occurring 
after 10 months of exposure. The com- 
pletely immersed concrete containing cal- 
cined shale failed also after 10 months of 
exposure, while the concretes containing 
fly ash or pumicite were only approach- 
ing failure after 18 months of exposure— 
pumicite concrete failing somewhat more 
rapidly than fly ash concrete. 
Examination of Fig. 6, which was pre- 
pared from change-in-length measure- 
ments of a different group of specimens 
from those used for loss in weight and 
photographic record, shows the same gen- 
eral trend of degree of disintegration as 
the curves of Fig. 5. This is the case for 
both complete and half immersion. As 
judged by the change-in-length criterion, 
specimens containing the plain portland 
cement expanded very rapidly and failed 
after only 8 months of exposure. Al- 
though specimens containing calcined 
shale expanded more slowly than those 
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containing plain portland cement, their 
expansion was considerably greater after 
18 months of exposure than that of speci- 
mens containing either fly ash or pumi- 
cite. The low expansion of concretes con- 
taining fly ash or pumicite—and even the 
expansion of those containing calcined 
shale—indicates very markedly the im- 
provement in the sulfate resistance of 
concrete through the use of pozzolan as 
a replacement of the high C3A cement. 

Table V gives the average compressive 
strengths of concretes exposed to sulfate 
action for periods of 3, 6, and 12 months. 
These results were obtained on a set of 
specimens separate from those used for 
either the loss-in-weight or the change- 
in-length tests. In the column next to 
each strength value the percentage of this 
strength is shown as compared to the 
strength of control specimens cured con- 
tinuously in water at 70 F and tested at 
the same age as the exposed specimens. 
Examination of Table V shows that speci- 
mens subjected to either complete or half 
immersion indicate the same trends re- 
garding the effectiveness of pozzolans in 
resisting sulfate attack as those noted 
from Figs. 5 and 6 for loss in weight and 
change in length. Prior to the end of the 
12-month period of exposure, concretes 
containing the plain high C3;A cement 
disintegrated to such an extent that a 
satisfactory compressive strength test 
could not be made. After 12 months of 
exposure, the specimens containing fly 
ash and pumicite had lost only 20 to 30 
per cent of their potential strength. These 
compressive strength results again indi- 
cate the superior resistance to sodium- 
magnesium-sulfate attack of concretes 
containing pozzolan as a replacement of 
the high C;A cement. 

High Cement—Sodium Sulfate Ex- 
posure.—Figure 1 shows that concretes 
containing the plain portland cement 
disintegrated as rapidly in the 2.1 per 
cent sodium sulfate solution as they did in 
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the sodium-magnesium sulfate solution. 
Again the specimens failed after only 10 
months of treatment. However, concretes 
containing any one of the three pozzolans 
exhibited practically no distress after 18 
months of complete immersion in the 
sodium sulfate solution. The appearance 
of these specimens again illustrates the 
superior resistance to sulfate attack of 
concretes in which high C3A cement is 
partially replaced by pozzolan. 

Loss-in-weight data (left half of Fig. 5) 
also indicate the high resistance to sulfate 
action of concretes containing pozzolan. 
In this figure, the curves labeled 3 are for 
the specimens subjected to complete im- 
mersion in the 2.1 per cent sodium sulfate 
solution. The curve for concretes con- 
taining the plain portland cement shows 
that the specimens failed after 10 months 
of exposure, while those for concretes 
containing calcined shale, fly ash, or 
pumicite showed no appreciable loss in 
weight up to 18 months of exposure. 

Curves similar to those of Fig. 6 were 
prepared to show the change in length of 
concrete specimens exposed to sodium 
sulfate solution. As judged by the 
change-in-length criterion (0.15 per cent 
expansion), even in this weak solution 
concretes containing the plain portland 
cement expanded very rapidly and failed 
after only 7 months of exposure. On the 
other hand, after 18 months of exposure 
specimens containing pozzolan showed 
expansions as follows: calcined shale, 530 
millionths; fly ash, 280 millionths; and 
pumicite, 260 millionths. Such expan- 
sions are very small as compared with 
that of the plain portland cement con- 
crete. 

From Table V it is seen that the com- 
pressive strengths of concretes indicate 
approximately the same trends regarding 
the effectiveness of pozzolans in resisting 
the attack of this sodium sulfate solution 
as was noted from Figs. 5 and 6 for loss in 
weight and change in length. Agua, as in 
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the case of exposure in the sodium-mag- 
nesium sulfate solution, prior to the end 
of the 12-month period of exposure con- 
cretes containing the plain high C3A ce- 
ment disintegrated to such an extent that 
a satisfactory compressive-strength test — 


could not be made, whereas those con- 
taining calcined shale, fly ash, or pumi- oe ‘i 
cite showed compressive strengths only a, 24 
about 10 per cent lower than those of - q 
control specimens immersed in water, | 
These results indicate the superior resis- 
tance to sodium sulfate attack of con- _ 


cretes containing pozzolan as a replace- 
ment of high C;A cement. 

Low C3;A Cement—Sodium-M agnesium 
Sulfate Exposure—Figure 2 shows photo- _ 
graphs of concrete specimens containing = 
the very low C;A (2.8 per cent) cement. 
These photographs show that the plain 
portland-cement concrete exhibits high — 
resistance to sulfate attack, whether sub-— 
jected to complete immersion or to half — 
immersion in the sodium-magnesium sul-_ 
fate solution. After 18 months of expo- — 
sure, only a very thin layer had scaled 
from the surface of each specimen. In 
contrast to the behavior of the concrete 
containing this plain cement, the con- 
cretes containing the pozzalans exhibited | 
a greater degree of surface scaling. The 
concrete containing the calcined shale — 
showed the most severe deterioration 
while that containing the fly ash showed 
the least. 

The loss-in-weight data of concretes | 
either completely or half immersed in 
this solution are shown in the right half 
of Fig. 5. After 18 months of complete | 
immersion, the loss in weight for the plain 
very low C3;A cement concrete was only 
about 2 per cent, whereas for concrete __ 
containing the calcined shale it was 24 
per cent; fly ash, 10 per cent; and pumi- 
cite, 18 per cent. The loss in weight was | 
somewhat less for specimens only half 
the same of expo- 
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containing the very low C;A cement were 
highly resistant to sulfate attack. The 
resistance of concrete containing plain 
low C3A cement was superior to that of 
concretes containing pozzolan replace- 
ments. 

After 18 months of complete immer- 
sion in the sodium-magnesium sulfate 
solution, plain low C3;A cement concrete 
as well as concretes containing fly ash or 
pumicite expanded only about 250 mil- 
lionths, and concrete containing calcined 
shale expanded 320 millionths. All speci- 
mens which were half-immersed showed 
no measurable expansion. 

Compressive strengths of concretes 
containing this very low C;A cement are 
shown in Table VI. Fora curing period of 
28 days and for specimens containing the 
plain cement, the loss in strength after 12 
months of either complete or half im- 
mersion was less than 5 per cent of the 
strength of the control specimens. In 
contrast, after 12 months of exposure the 
ldss in strength for concretes containing 
fly ash was 15 per cent; for calcined shale 
about 35 per cent; and for pumicite 39 
per cent for complete immersion and 16 
per cent for half immersion. 

From the results of these tests and 
observations, it is obvious that the resist- 
ance to sodium-magnesium sulfate attack 
of concrete containing the plain portland 
cement of very low C;A content (2.8 per 
cent) was so high that no improvement 
through the use of pozzalanic replace- 
ments was possible. Actually, use of poz- 
zolan replacement reduced somewhat the 
sulfate resistance of low C3;A cement con- 
cretes. 

Low C3A Cement—Sodium-Sulfate Ex- 
posure-—From the appearance of the 
specimens shown in Fig. 2, it would seem 
that very little or no disintegration has 
taken place even after an exposure of 18 
months to sodium sulfate attack. From 
this visual examination, it could not be 
said that any one cement was better than 
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another in resisting sulfate attack up to 
18 months of exposure. 

Also, the right half of Fig. 5 shows that 
for each of the four diagrams the loss-in- 
weight curve 3 is almost superimposed on 
the abscissa line of the diagram. The 
maximum loss in weight was in no case 
more than 1 per cent after 18 months of 
exposure. 

The change-in-length data show that 
for each of the concretes the expansion 
was small. The value for the plain port- 
land cement after 18 months of exposure 
was 340 millionths and for each of the 
specimens containing pozzolan the value 
was less than 250 millionths. 

Table VI shows that, after 12 months 
of exposure, the compressive strength of 
plain-cement-concrete specimens had in- 
creased 9 per cent and that of the speci- 
mens containing the pozzolans had de- 
creased not more than 6 per cent of that 
of their respective control specimens. 

For this 2.1 per cent sodium sulfate 
solution, all of these results confirm the 
high resistance to sulfate attack of con- 
cretes containing this very low C;A ce- 
ment without pozzolan replacement. It is 
to be noted, however, that concretes con- 
taining pozzolan appear to have almost 
equal resistance to sodium sulfate attack. 


Effect of Period of Curing: 


The effect of period of curing on the 
disintegration of concrete exposed to sul- 
fate attack is shown in Figs. 3 and 4. The 
photographs of these figures show the 
condition of specimens after 18 months 
of exposure. 

High C;A Cement—Sodium-M agnesium 
Sulfate Exposure-—It is seen from Fig. 3 
that there are only minor differences be- 
tween the specimens cured for 3 or 6 
months and those cured for 28 days. The 
longer periods of curing seem to be 
slightly beneficial to the completely im- 
mersed calcined shale specimens but 
detrimental to those which were only half 
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immersed. For the plain portland-cement 
concrete the reverse seems to be true, 
that is, the longer periods of curing reduce 
the resistance of the completely im- 
mersed specimens and increase slightly 
_ the resistance of the half-immersed speci- 
mens. 

The loss-in-weight data up to 18 
- months of exposure, for specimens either 
completely or half immersed, after 3 or 6 
- months of curing paralleled quite closely 
- the data shown for concretes cured for 
28 days (Fig. 5). The loss in weight of 
specimens containing fly ash and pumi- 
cite was almost identical for all three 
curing periods, and only slight variations 
_ were observed for concretes containing 
plain portland cement or calcined shale. 

Changes in length up to 18 months of 
exposure for specimens either completely 
_or half immersed, after 3 or 6 months of 
curing, paralleled very closely those for 
the 28-day curing period (Fig. 6); the 
_ extended curing period slightly improved 
the resistance of the plain portland-ce- 
ment concrete, but had little or no effect 
on concretes containing pozzolan. 

Compressive strength values given in 
Table V indicate that the longer periods 
of curing (3 and 6 months) are somewhat 
beneficial to the plain-cement concrete 
subjected to half immersion; for all other 
concretes exposed to the sodium-magne- 
sium sulfate solution, the period of curing 
appears to have no marked effect. 
These results indicate that a long pe- 
_ riod of curing, up to 6 months, has little 
or no effect on the resistance of concretes 
containing high C3;A cement, with or 
without pozzolan, to the action of so- 
dium-magnesium sulfate. 

High C3A Cement—Sodium Sulfate Ex- 
posure.—Figure 3 does not reveal any 
definite effect of period of curing upon 
_ specimens containing the plain portland 
cement. For the specimens containing 
the calcined shale, however, the longer 
period of curing appears to have a detri- 


mental effect upon resistance to the ac- 
tion of the solution. There is some indica- _ 
tion, also, that specimens containing the 
other two pozzolans, particularly the | 
pumicite, suffer a slightly adverse effect 
from the longer period of curing. 

Loss in weight of specimens after 3 or 
6 months of curing, except for the cal- 
cined shale, agrees closely with that of 
concretes shown in Fig. 5 for 28-day cur- 
ing. However, for the specimens contain- ; 
ing the shale the loss in weight after 18 
months of exposure was negligible for the 
28-day curing period, 16 per cent for the 
3-month curing period, and 25 per cent 
for the 6-month curing period. 

Changes in length of specimens up to 
18 months, after 3 or 6 months of curing, 
paralleled those shown in Fig. 6 for 28- 
day curing. For the plain cement, the 
change in length was almost identical for 
all three curing periods. Concretes con- 
taining calcined shale and cured for 3 
months failed after 13 months of expo- 
sure, and those cured for 6 months failed 
after only 8 months of exposure. The ex- 
pansion up to 18 months of exposure, of 
concretes containing fly ash or pumicite 
after 3 and 6 months of curing was about 
double that of concretes cured for 28 
days. 

The compressive strength values of 
Table V indicate that a long curing pe- 
riod (up to 6 months) has a decidedly 
detrimental effect on specimens contain- 
ing calcined shale when exposed to 
sodium sulfate. Longer periods of curing 
also seem to have some detrimental effect 
on specimens containing pumicite. The 
specimens containing fly ash, however, 
seem to show a definite increase in 
strength and beneficial effects from the 
longer curing periods. 

For concretes containing high C3;A 
cement and exposed to sodium sulfate, — 
the extended period of curing for those ie 
containing calcined shale is extremely 
deleterious, for those containing fly ash 
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or pumicite it is slightly deleterious, and 
for those containing the plain portland 
cement it has no effect. 

Low C3A Cement—Sodium-Magne- 
sium Sulfate Exposure——From Fig. 4 it 
would be difficult to say that the longer 
periods of curing, 3 and 6 months, had 
either a beneficial or a detrimental effect 
upon the concretes containing the low 
C;A cement either plain or with pozzolan. 

Loss-in-weight data also show no bene- 
ficial or detrimental effect from the longer 
period of curing. 

Change-in-length data again indicate 
that the extended curing period has little 
or no effect on expansion of concretes. 

Table VI shows that the extended cur- 
ing period is somewhat beneficial to com- 
pressive strength of concretes containing 
plain low C;A cement exposed to sodium- 
magnesium sulfate, whereas it has practi- 
cally no effect on concretes containing 
pozzolan. 

These results indicate that the ex- 
tended period of curing has little or no 
effect on the resistance of concretes con- 
taining low C;A cement, with or without 
pozzolan, when exposed to the action of 
sodium-magnesium sulfate. 

Low C3A Cement—Sodium Sulfate Ex- 
posure—From Fig. 4 it appears that all 
of the specimens, regardless of curing 
period, are in perfect condition. 

None of the concretes containing the 
low C;A cement exposed to sodium sul- 
fate showed any loss in weight, regardless 
of curing period. 

Change-in-length data show that ex- 
pansions of concretes were not affected 
by the extended curing period. Although 
loss-in-weight data and visual inspection 
indicated all concretes to be in perfect 
condition, the greatest expansion after 18 
months of exposure occurred for the plain 
portland cement (300 millionths). This 
larger expansion of the plain portland- 
cement concrete perhaps indicates some- 
what more rapid and thorough penetra- 
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tion of the sodium sulfate solution into 
these specimens than into the specimens 
containing the pozzolan replacements. 

Compressive strengths of concretes 
containing pozzolan (Table VI) and ex- 
posed to sodium sulfate attack were ap- 
proximately the same for all periods of 
curing as that of their respective control 
specimens. For plain portland-cement 
concrete, however, the extended curing 
period appeared to have a slightly detri- 
mental effect. 

These results clearly indicate that the 
period of curing of concretes containing 
low C3;A cement had no marked effect 
upon their resistance to sodium sulfate 
attack. 

Effect of Type of Sulfate Exposure: 

Sodium-Magnesium Sulfate—tThe ef- 
fects of type and degree of disintegration 
for complete and half immersions are 
shown in Figs. 1 to 4. 

For specimens which were half im- 
mersed, the depth of deterioration of the 
immersed portion appears to be about as 
great as for those completely immersed, 
although for some of the half-immersed 
specimens disintegration has proceeded 
above the immersion line. Loss in weight 
of the half-immersed specimens, also, is 
more than half that of the completely 
immersed specimens. There appears to be 
no distinct advantage in half immersion. 

The “daily cycle,” consisting of im- 
mersion of the specimens in sodium- 
magnesium sulfate solution for 16 hr 
followed by drying in circulating air at 
130 F for 8 hr, produced results which 
were in disagreement with those obtained 
from the other two types of exposure. 
The effect of this cycle was quite extreme 
since it involved the rigors of wetting and 
drying as well as those of sulfate attack. 
Test results obtained were completely 
inconsistent and no conclusions could be 
drawn. 
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Sodium Sulfate—Specimens immersed 
in 2.1 per cent sodium sulfate solution 
were put through four-week cycles (27 
days of immersion followed by 1 day of 
_ drying at 70 F and 50 per cent relative 
humidity). This exposure did not appear 
to be severe enough to produce distinc- 
_ tive disintegration of the specimens up to 

a period of 18 months. Considering the 


4 28-day curing period, the only specimens 
seriously affected were those containing 
é the plain high C3;A cement, and therefore 


no definite comparison could be made 
among the various pozzolans. 
Type of Disintegration—The type of 
sulfate solution to which a concrete was 
exposed had a definite effect on the type 
of disintegration. The sodium-magne- 

sium sulfate solution tended to attack all 

of the exposed surfaces of the concrete 

and to cause fairly uniform scaling, flak- 
4 ing, or light spalling. The sodium sulfate 
solution, on the other hand, tended to 
penetrate deeply into the concrete, par- 
ticularly at each end of a specimen, 
causing swelling, cracking, and spalling 
of large pieces of concrete from the ends 
without spalling or any other apparent 
damage to the side surfaces of a specimen. 
Also, it seemed that the sodium sulfate 
portion of the mixed sulfate solution 
tended to attack and penetrate into 
specimens containing the high C3;A ce- 
ment causing rapid disintegration from 
internal action before any serious surface 
scaling or spalling could begin. However, 
for the very low C;A cement, having high 
resistance to sulfate action, the disinte- 
gration in the mixed solution was by scal- 
ing of all surfaces of the specimen. 


DiscussION OF METHODS OF EVALUAT- 
ING SULFATE ATTACK 


Visual Observation: 
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Visual observation of specimens was 
relied upon to a considerable extent to 


yee 


~ 


1095 


in length as frequently as the regularly 
scheduled intervals of 28 days. The 
photographic record supporting visual | 
observation was useful in studying and 
analyzing the data obtained from the 
other methods of evaluating sulfate at- 
tack. The main function of the photo- 
graphic record, however, was to provide 
a visual history of the progress of disinte- 
gration for each specimen selected. 

As a practical matter it is recognized 
that although a photographic record 
would be very satisfactory, it would be 
an expensive procedure and probably not 
feasible in many investigations. 


Loss in Weight: 


The loss-in-weight method seemed to _ 
be the most reliable, in this investigation, © 
for evaluating the resistance of concretes 
to sulfate attack. Because of the differ- 
ence in behavior of specimens in each of 
the two types of solution, the weighing of 
specimens at scheduled intervals and at 
intermediate times (as found necessary) 
gave a more definite indication of disinte- 
gration than did change in length. In 
some cases the values from the loss-in- 
weight method were more indicative of 
actual degree of disintegration than 
values from the change in compressive 
strength method. The actual determin- 
ation of the loss in weight of each rep- 
resentative specimen selected for pho- 
tographing gave a close check on the 
disintegration as shown by visual obser- _ 
vation. 

Although long periods of sulfate expo- - 
sure are necessary, it is felt that this y 
method of evaluating disintegration is 
the simplest of the four methods em- 
ployed in this investigation. 


Change in Length: 


The change-in-length method of evalu- 
ating resistance to sulfate attack was the 
least satisfactory of the four methods _ J 
employed. Specimens immersed in the 
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sodium sulfate solution, and which dis- 
integrated quite rapidly because of pene- 
tration of the sulfate into the specimen, 
expanded to considerable degree. This 
expansion produced a definite movement 
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cause axial expansion of the specimen. 
Therefore, the gage plug embedded in 
each end of the specimen changed its 
position very little or else very slowly, 
and a positive indication of disintegration 
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Fic. 7.—Sulfate Attack as Evaluated by Expansion, Weight Loss and Compressive Strength of 


High C;A Cement-Concretes with Pozzolan. 


Complete immersion (after curing for 28 days) in 5 per cent sodium plus 5 per cent magnesium 


sulfate. 


of the gage plug embedded at the center 
of each end of the specimen. However, for 
specimens immersed in the sodium- 
magnesium sulfate. solution, and which 
disintegrated primarily by surface scaling 
and light spalling, the measurement of 
length change probably was far from a 
true indication of the disintegration be- 
cause this sulfate solution did not pene- 
trate deeply enough into the interior to 


was not obtained. For these reasons, it is 
felt that this method of evaluation would 
not be considered satisfactory where dis- 
integration occurs by surface scaling 
rather than by swelling. 


Compressive Strength: 


The compressive strength method of 
evaluating resistance to sulfate attack 
gave an indication of the degree of dis- 
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integration that was not as definite as 
that obtained by the _loss-in-weight 
method. Although results obtained by 
these two methods agreed reasonably 
well where disintegration was extensive, 
the compressive strength method failed 
to distinguish small differences. Since the 
strength obtained is that for the remain- 
ing fairly sound portion of a treated 
specimen, it does not truly indicate an 
absolute value of the degree of disinte- 
gration. This relation would be especially 
true for concretes immersed in the so- 
dium-magnesium sulfate solution, which 
disintegrated primarily by surface scal- 
ing. However, the compressive strength 
method did give more consistent results 
than the change-in-length method. 


SUMMARY 

A comparison of results obtained with 
the three methods of evaluating degree of 
disintegration is afforded by Fig. 7. Con- 
cretes of this figure contained the high 
C;A cement, either plain or with poz- 
zolan, and were cured 28 days prior to 
immersion in sodium-magnesium sulfate 
solution. For the plain portland cement, 
all three methods (loss in weight, change 
in length, and change in compressive 
strength) indicated approximately the 
' same degree of disintegration. For speci- 
mens containing the pozzolans, it is felt 
that the only true indicator of potential 
sulfate resistance is loss in weight, be- 
f cause results by this method are in close 
agreement with the visual observation of 

a degree of deterioration. 
The diagrams for change in length 
5 show very small expansion for specimens 
1 which by the loss-in-weight method are 
, approaching failure. Likewise, the dia- 
grams for compressive strength indicate 
only partial disintegration of specimens 
which by the loss-in-weight method are 

approaching failure. 

f To summarize, it seems.that neither 
the change-in-length nor the change in 
. compressive strength method was as 


satisfactory an indicator of resistance to e 
sulfate attack as was the loss-in-weight 
method. 


CONCLUSIONS 


From the results of the tests reported _ 
herein, the following conclusions appear — 
to be justified. : 


1. A pozzolan of high quality used as © 
a partial replacement of high C3A ce- 
ment will produce concrete having 
greater sulfate resistance than plain high as 
C;A cement concrete. 
2. The use of a very low C;A cement 


results in concretes having superior re-— 
sistance to sulfate action, with practi- r 
cally no disintegration under any of the 
conditions of these tests. A partial re- 
placement of the very low C;A cement | 
with pozzolan produces no improvement — 
in sulfate resistance. 

3. Extending the period of curing be-— 
yond 28 days has little or no effect in 
improving or increasing resistance of 
concretes to the action of a mixture of | 
sodium and magnesium sulfate solutions. 
A long curing period appears to have an’ 
adverse effect on concretes containing 
high C;A cement, either alone or with 
calcined shale, which are exposed to so- 
dium sulfate attack. 

4. Continuous complete immersion of 
concrete specimens in sulfate solutions 
appears to be a very satisfactory expo- 
sure for laboratory investigations. Al- 
though results obtained on concrete 
specimens only half immersed in sulfate 
solution agree with those obtained on 
specimens fully immersed, the more com- 
plex laboratory procedure involving half 
immersion makes this exposure method _ 
impractical. The daily cycle of immersion _ 
in sulfate solution, followed by drying in | 
an oven at 130 F did not accelerate dis- 
integration as had been expected. Results 
obtained with this exposure were ques- 
tionable and attempted analysis indi- 
cated them to be too inconsistent to 


report herein. 
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5. A mixture of sodium-magnes‘um 
sulfate attacks the exposed concrete sur- 
faces, causing scaling or spalling of the 
mortar, whereas the sodium sulfate alone 
tends to penetrate into the concrete spec- 
imen, causing swelling, cracking, and 
spalling of large pieces of concrete with- 
out scaling of the exposed surface. Poz- 
zolans exhibited their best performance in 
concretes exposed to sodium sulfate at- 
tack rather than to the mixture of so- 
dium-magnesium sulfate. 

6. Of the several methods employed 
for measuring the rate of deterioration of 
concrete, the loss-in-weight of specimens 
seems to provide the most positive evalu- 
ation. The change-in-length method as 
used in this investigation results in data 
which generally are in accord with those 
obtained by loss-in-weight determina- 
tions but nevertheless contain many in- 
consistencies. Similar inconsistencies are 
observed with the change-in-compres- 
sive-strength method. Visual! observation 
and examination of photographs of repre- 
sentative specimens provides a_ very 
satisfactory criterion for qualitatively 
evaluating degree of sulfate attack but 
might not be practical for many investi- 
gations because of the high cost. 


Recommendations: 


The results of this investigation point 
up the need for an accelerated reliable 
method of evaluating potential sulfate 
resistance of concretes containing port- 
land cement and pozzolan. The Work- 
ing Committee on Sulfate Resistance of 
_ ASTM Committee C-1 has developed a 
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performance test for the potential sulfate 
resistance of portland cement (4). This 
method consists in measuring the expan- 
sion of mortar prisms containing excess 
calcium sulfate, equivalent to a total SO; 
content of 7.0 per cent by weight of the 
cement. The expansion of these prisms 
stored in water is an index of the poten- 
tial sulfate resistance of the cement. This 
same test procedure should be evaluated 
with mortar bars containing pozzolan as 
partial replacement of portland cement. 

The physical tests of this investigation 
clearly indicate that concretes containing 
the high C3;A cement and pozzolan ex- 
hibit markedly higher sulfate resistance 
than do concretes containing the high 
C;A cement without pozzolan. A physico- 
chemical study of the mechanism by 
which pozzolans improve the sulfate re- 
sistance should be made in order to pro- 
vide basic information on the pozzolanic 
reaction and its effect on sulfate resist- 
ance. 
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Mr. C. M. Waxkeman.'—Would the 
same data apply to specimens stored in 
sea water or have such tests in sea water 
been undertaken? 

Mr. Mitos PortvKa (author)—I am 
quite sure that these data would also 
apply to concretes exposed to sea water 
except that the concentration of sulfates 
is very weak and what we are trying to 
do here is to accelerate sulfate attack as 
much as possible. 

Mr. M. A. Swayze.2—It is most grati- 
fying to find someone showing that poz- 
zolans do not always work wonders. The 
unqualified claim has been made so many 
times in recent years that “pozzolans 
increase the sulfate resistance of portland 
. cements” that I have been coming slowly 
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to the boiling point. Consequently I am — 
most happy to have this author’s paper, 
and to comment on it. 

Good pozzolans do improve the poor 
sulfate-resistant properties of cements 
high in C;A content, largely by dilution — 
of this reactive component, but not to the © 
point where they will! insure long life of 
concrete in a sulfate exposure. On the 
other hand, the same pozzolans can liter- 
ally wreak havoc with cements in which 
the C;A content is either very low or 
absent, and which are highly resistant in 
their own right to sulfate action. Our re- 
search laboratory has data on a consider- 
able number of pozzolans, and this differ- 
ing action was found for each of them, 
when tested with cements with high and 
with low C;A contents. 

The reason for this difference in action 
may be seen if we carry our theoretical 
chemistry a little further than is com- | 
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monly done. The most common claim for 
pozzolans is that “they combine with the 
hydrated lime (sometimes erroneously 
called free lime) which is liberated during 
the hydration of portland cement.” This 
statement like the one on improvement 
in sulfate resistance, is only a half-truth, 
since even the best pozzolans rarely com- 
bine with as much as 50 per cent of the 
hydrated lime normally present in a 
saturated cement paste within a year’s 
time. The general assumption is that the 
hydrated lime reacts only with the silica 
portion of the pozzolan. The question 
of what happens to the usually large 
amount of alumina present in pozzolans 
while this lime-silica combination is going 
on has apparently never been asked. 

The fact is that alumina, once it is 
freed from its combination with silica, 
will react with hydrated lime to form 
C;A hydrate even more readily than in 
the similar lime-silica combination. 

Either of these reactions with hydrated 
lime is very slow in comparison with the 
relatively rapid reaction of portland-ce- 
ment grains with water. This is easy to 
understand, since pozzolan grains, unhy- 
drated cores of cement grains, and the 
minute crystals of hydrated lime result- 
ing from cement hydration are all en- 
cased in the rather impermeable gel set 
up by the hydrating cement. The only 
chance for pozzolanic action is by diffu- 
sion through this gel structure. 

In consequence, the increase in quan- 
tity of the C;A hydrate due to pozzolanic 
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action is slow. With blends of pozzolan 
with high C;A portland cements, this late 
effect is masked by early prolongation of 
resistance due purely to dilution of the 
cement’s C3A content. With low C3A 
cement blends, no such masking occurs, 
since the straight cement is already 
highly resistant to sulfate action. In this 
case, assuming the pozzolan to be a good 
one and that it has the usual high alu- 
mina content, the behavior of the port- 
land-pozzolan blend in sulfate exposure 
will become progressively worse as time 
goes on. Differences will be noted within 
a year, as the author has found. Greater 
differences will be found at later ages. I 
therefore hope that the author still has 
his original comparative specimens and 
will carry on his observations with them 
for at least a few more years. 

In this writer’s estimation, no cement 
or blend deserves to be called moderately 
or highly sulfate resistant unless the life 
of mortars and concretes made with it 
and subjected to moderate or severe sul- 
fate exposures is practically as long as in 
fresh water. The author has already 
brought us a long way toward clearer 
thinking on the role of pozzolans in con- 
crete. For this he deserves our thanks. 
However, tests for comparative sulfate 
resistance cannot be hurried. I therefore 
hope that he will continue on this im- 
portant subject, to the end that the cur- 
rent superstition to the effect that “poz- 
zolans increase the sulfate resistance of 


portland cements” can be discarded. a 
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LONG-TIME CREEP AND SHRINKAGE TESTS OF PLAIN AND 


REINFORCED CONCRETE* 
By G. E. Troxett,! J. M. Rapuaet,’ anp R. E. Davis* 


SYNOPSIS 

A comprehensive investigation of creep and drying shrinkage of concrete 
has extended over a period of nearly 30 yr. Many of the specimens were 4-in. 
diameter unsealed cylinders loaded in compression to 800 psi at 28 days and 
thereafter stored in air at 50 per cent relative humidity. Both creep and shrink- 
age continued during the entire period. Eighteen to 35 per cent of the total 
creep during 20 yr occurred in the first 2 weeks of loading and 64 to 83 per 


occurred in the first 2 weeks of drying and 66 to 85 per cent within 1 yr. Creep 
increased with a higher water-cement ratio and with a lower aggregate-cement 


__ Both creep and shrinkage of concrete were greater for type IV than for type I 
cement. The creep for sandstone concrete was more than double that for lime- 
stone concrete, and the shrinkage of sandstone concrete was more than double 
that for quartz concrete. 
For ages of loading from 28 to 90 days, the older the specimen at time of 
loading, the less the creep. For stresses from 300 to 1200 psi, the average creep 
per unit of stress was slightly greater at the high stresses than at the low stresses 
_ but for each increment of higher stress the corresponding increment of creep 
per unit stress was significantly greater. The moisture conditions of storage 


_ the shrinkage at 50 per cent relative humidity was about 1.4 times that at 70 
per cent relative humidity and about 8 times the swelling for storage in water. 
_ For specimens having a diameter of 4 to 10 in. under moist storage, the creep 
_ decreased as the size of specimen increased. For the range of conditions covered 
by the investigation, the combined shrinkage or swelling and creep varied from 
about 1 to 11 times the instantaneous deformations. 


cent of steel, and of 4000-psi concrete reinforced with 1.9 per cent of steel, were 


steel, until, in a few cases, the concrete was actually in tension and the steel was 


stressed to the yield point in compression. 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Professor of Civil Engineering, University 
of California, Berkeley, Calif. 


University of California, Berkeley, Calif. 
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_ cent within 1 yr. Fourteen to 34 per cent of the total shrinkage during 20 yr — 


Small concrete columns of 2000-psi concrete reinforced with 1.9 and 5 per — 


? Associate Professor of Civil Engineering, — 


3 Professor of Civil Engineering and Director 7 
of Engineering Materials Laboratory (Emeritus), 
University of California, Berkeley, Calif. 
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The results of tests by many investi- 
gators have shown that concrete is a 
material which, when subjected to sus- 
tained stress, continues to yield or to de- 
form over a considerable period of time. 
The property of yielding with time, pre- 
viously designated as “plastic flow,” is 
now commonly called creep. It includes 
only those deformations which occur as a 
result of application of load. Concrete 
also shrinks upon drying and swells upon 
wetting.’ 

This paper describes several test series 
made at the University of California, 
some of which were started as early as 
1926, So that some specimens have been 
under observation for nearly 30 yr. These 
tests were designed to show the compres- 
sive creep and the shrinkage with time 
as affected by: 


(a) Aggregate-cement ratio; 
Water-cement ratio; 


(ec) Composition and fineness of ce- 
ment; 
* (d) Mineralogical character of ag- 
gregate; 
(e) Maximum size of aggregate; 


(f 


) 


Magnitude of compressive stress; 
Moisture conditions of storage; 
Size of specimen; 

Age and duration of loading; and 
(j) Steel reinforcement. 


Earlier results of these tests have been 
analyzed and conclusions published in 
several papers (1-4, 6).° In this paper, 
a fresh look has been taken at the re- 
sults of the tests, which now'have run 
nearly thirty years. No major contra- 
dictions to the earlier conclusions have 
appeared. What is unique is that creep 
and shrinkage, under the conditions of 
the reported tests, have been observed 


‘Shrinkage and swelling relate to moisture 
change whereas contraction and expansion are 
the results of thermal change. 

5 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1120. 
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to continue over the entire period of ob- 
servation, although at a greatly de- 
creased rate at the later ages. 

It is believed that these test results 
can be used as a new yardstick by which 
to measure “ultimate creep” from “‘short- 


time’’ tests of a year or so. ae 
Scope OF TESTS 
Plain Concrete: 


The tests on plain concrete reported 
herein are divided into five series as fol- 
lows: 

Series 2 was inaugurated in 1926 to 
determine the effect of magnitude of unit 
stress and age at time of loading on creep 
and shrinkage. Variables for this series 
were age at time of loading and intensity 
of compressive loading. All specimens 
employed the same aggregate and ce- 
ment, with constant aggregate-cement 
ratio, water-cement ratio, slump, curing 
to the age of loading and storage there- 
after. 

Series 3 was inaugurated in 1928 to 
determine the effect of moisture condi- 
tions of storage on creep and shrinkage. 
All specimens for this series employed 
the same aggregate and cement and were 
of the same aggregate-cement ratio, wa- 
ter-cement ratio, curing to age of loading, 
and intensity of loading. After loading, 
storage for all specimens was at 70 F, 
but the moisture conditions of storage 
were varied. 

Series 4 was inaugurated in 1928 to 
determine the effect of the mineralogical 
character of the aggregates on creep and 
shrinkage. For this series, one cement 
and six different types of aggregate were 
used in concretes having a constant ag- 
gregate-cement ratio and water-cement 
ratio. All specimens were subjected to the 
same curing conditions and intensity of 
loading. 

Series 13 was inaugurated in 1932 to 
determine the effect of size of aggregate 
and size of specimen on creep and shrink- 
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Pa 


Creep, millionths 


age , millionths 


- - 
ir \Odays  28days 90days lyr 2yr 5yr lOyr 2Oyr 
Time After Loading (Log Scale) 


Fic. 1.—Effect of Aggregate-Cement Ratio and Water-Cement Ratio upon Creep and Shrinkage. 


Series 17.—Specimens, 4- by 8-in. cylinders. Aggregate, 0- to 34-in. local gravel. Fineness modulus, 4.94. Cement, 
type I; Wagner specific surface, 1300 sq cm per g. een variable. Water content, pcy: group 1—342; group 2— 
404; group 3—341; group 7—372; group 8—322; group 9—363. Curing in fog at 70 F for 28 days. Age at loading, 28 days. 
Sustained compressive stress, 800 psi. Storage after loading, in air at 70 F and 50 per cent relative humidity. Instantane- 
ous deformations in millionths: group 1—243; group 2—305; group 3—255; group 7—401; group 8—235; group 9—341. 


age. In all tests of this series, the aggre- second part of the series, the fineness 
gate-cement ratio, water-cement ratio, modulus of the aggregates was held con- 
curing, and intensity of loading were stant and the cylinder size was varied. 

held constant. For the first part of the Series 17 was inaugurated in 1934 to 
series, the size of the specimen was _ determine the effect of richness of mix, 
held constant and the fineness modulus water-cement ratio, and composition and 
of the aggregates was varied. For the ' fineness of cement on creep and shrink- 
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Fic. 2.—Effect of Composition and Fineness of Cement upon Creep and Shrinkage. 


Series 17.—Specimens, 4- by 8-in. cylinders. Aggregate, 0- to 34-in. local gravel. Fineness modulus, 4.94. Cement, 
(a) type I, 52 per cent CsS, 25 per cent CoS, 8 per cent C3A, 13 per cent CsAF, and (6) type IV, 30 per cent CS, 47 per 
cent CoS, 8 per cent CsA, 12 per cent CsAf. Specific surface, Wagner. Aggregate-cement ratio by weight, 5.50. Water- 
cement ratio by weight, 0.62. Consistency, variable. Curing, in fog at 70 F for 28 ae. ge at ap = 28 days. Sustained 
compressive stress, 800 psi. Storage after loading, in air at 70 F and SO per cent relative humidity. Instantaneous defor- 
mations in millionths: group 3—255; group 4—288; group 5—313; group 6—246. 


age. In this series, the variables were the conditions and the intensity of loading 
were constant. 

consistency, aggregate-cement ratio, wa- 

Reinforced-Concrele Columns: 

ter-cement ratio, and type and fineness : . 

A series of tests was begun in 1931 

of the cement, but curing and storage to determine the progressive changes in 
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Fic. 3.—Effect of Mineralogical Character of Aggregates upon Creep and Shrinkage. 


Series 4.—Specimens, 4- by 14-in. cylinders. Fineness modulus 5.75, except gravel which had fineness modulus 5.61. 
Cement, type I. Aggregate-cement ratio by weight, 5.67. Water-cement ratio by weight, 0.59. Curing, 28 days in fog at 
70 F. Age at sg 28 days. Sustained compressive stress, 800 psi. Storage after loading, in air at 70 F and 50 per cent 


relative humidity. Instantaneous deformations in millionths: sandstone, 281; gravel, 275; basalt, 224; limestone, 222; 
quartz, 212; granite, 205. 


length and stresses due to shrinkage and 

applied at 28 days. 
creep in reinforced concrete columns. pplied a y 
Specimens were plain and reinforced con- TestING APPARATUS AND METHODS 
crete columns, using two strengths of The majority of the specimens of each 
series were subjected to sustained com- 
pressive stresses. These stresses were 
steel, and two percentages of spiral steel. maintained constant by use of one or 


more coil springs held in compression by | 
All specimens were cured in fog at 70 F a system of rods and plates between 
for 3 weeks; thereafter some were stored which the specimen was clamped (I). 


concrete, two percentages of longitudinal 
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Fic. 4.—Effect of Age and Intensity of Loading upon Creep and Shrinkage. 
Series 2.—Specimens, 4- by 14-in. cylinders. Aggregate, 0- to 1'4-in. crushed granite. Fineness modulus, 5.03. Cement, 
type I. Aggregate-cement ratio by weight, 5.05. Water-cement ratio by weight, 0.69. Slump, 3 in. Curing, moist at 70 F 
until time of loading. Sustained stress, compression, as indicated. Storage after loading, in air at 70 F and 70 per cent 


relative humidity. 
group 5—340; group 6—S15. 


The desired load was applied by a small 
portable hydraulic testing machine in- 
stalled in a room where both air temper- 
ature and humidity were controlled. Af- 
ter loading in the machine, the nuts on 
the tension rods of the load-sustaining 
apparatus were brought up against the 
end plates. Upon releasing the load on 
the machine, the compression in the coil 
spring and in the specimen was main- 
tained by tension in the rods. 

Auxiliary or control specimens sub- 
jected to the same curing and storage 
conditions as the loaded specimens, but 


nstantaneous deformations in millionths: group 1—90; group 2—285; group 3—620; group 4—190; 


under no stress, have been under observa- 
tion in order to determine the changes in 
length (shrinkage or swelling) due to 
causes other than stress. The magnitude 
of creep was taken as the difference be- 
tween the changes in length for the 
loaded specimens and the corresponding 
unloaded control specimens. 
Observations of changes in length of 
the loaded as well as the unloaded control 
specimens were made by use of a 10-in. 
fulcrum-plate strain gage, the strain-gage 
inserts in the concrete being of stainless 
steel screwed into brass piugs cast in the 
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specimens. Each cylindrical specimen 
had three longitudinal gage lines 120 
deg apart. 


Test RESULTS 


The test results for the plain concrete 
are shown in Figs. 1 to 10 inclusive. Ex- 
cepting Figs. 5, 9, and 10, the lower part 
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In general, after 20 yr the creep ranged 
roughly from two to six times the so- 
called instantaneous deformations (ob- 
served soon after loading) shown in the 
notes for each figure; the creep plus 
shrinkage ranged roughly from three to 
eleven times the instantaneous deforma- 
tions. 


Fic 


of each figure shows the shrinkage or 
swelling as determined by observations 
on the control specimens, the upper part 
shows the total length change due to 
shrinkage or swelling and creep as deter- 
mined by observations on the loaded spec- 
imens, and the middle part shows the 
creep for the loaded specimens as deter- 
mined by the difference between the cor- 
responding curves in the upper and lower 
parts of each figure. In general, all figures 
show that both shrinkage and creep in- 
crease with time, although at a very low 
rate at the later ages. For the average of 
all test conditions, about two thirds of 
the total shrinkage and one half of the 
total creep occurred within the first 3 
months of testing. 
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Time After Loading (Log Scale) 
Effect of Level of Stress Increment upon Creep—Creep Data Taken from Fig. 4. 


Effect of Aggregate-Cement Ratio and Wa- 
ler-Cement Ratio: 


Figure 1 covers a range of mixes having 
aggregate-cement ratios from 4.25 to : 
6.75 by weight and water-cement ratios 
from 0.50 to 0.80 by weight, giving vari- 
able consistencies. For these mixes the 
shrinkages at a given age were fairly 
uniform for all conditions. While the _ 
water-cement ratio varied from 0.50 to 
0.80, the actual water content of all these 
mixes varied only from 322 to 404 pcy. 
After 19 yr the shrinkage roughly varied 
from 1000 to 1200 millionths per unit, 
but was related neither to the richness 
of mix, the water-cement ratio, nor the 
total water content of the mix. The creep 
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Fic. 6.—Effect of Moisture Condition of Storage upon Creep and Shrinkage. 


Series 3.—Specimens, 4- b 
cement ratio by weight, 5.67. 


14-in. cylinders. Aggregate, gravel. Fineness modulus, 5.61. Cement, type I. Aggregate- 
ater-cement ratio by weight, 0.59. Curing, 28 days moist at 70 F. Age at loading, 28 days. 


Sustained stress in compression, 800 psi. Storage after loading, at 70 F; humidity as indicated. Instantaneous deforma- 
tions in millionths: 50 per cent relative humidity, 275; 70 per cent relative humidity, 275; fog, 265; water, 305. 


for this series at age 19 yr varied from 
950 to 1880 millionths for a constant 
stress of 800 psi. The creep increased 
with a higher water-cement ratio and with 
alower aggregate-cement ratio but did not 
correlate directly with total water con- 
tent of the mix. 

The combined shrinkage plus creep for 
this series at age 19 yr varied from 2000 
to 2850 millionths, and it varied approxi- 


mately as the water-cement ratio and 
inversely with the aggregate-cement 
ratio. 


Effect of Composition and Fineness of 
Cement: 


Series 17, used to evaluate the effect 
of composition and fineness of cement, 


included both type I (normal) and type 
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IV (low-heat) portland cements with 
Wagner specific surfaces of 1300 and 
2200 sq cm per g. The aggregate-cement 
ratio (using a ?-in. maximum size of 
gravel) was 5.50 by weight and the water- 
cement ratio was 0.62 by weight. The 
slump of the concrete was variable. 
From the test results for series 17 
shown in Fig. 2, it is evident that the 
shrinkage was still continuing at a slow 
rate even at age 19 yr, when the shrink- 
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120 millionths greater than for the coarse 
grind; but at age 19 yr the difference 
was only 50 millionths. For the low-heat 
cement the difference due to fineness of 
grinding was consistently about 200 — 
millionths. 

The creep in this series varied from 
1200 millionths for the coarse normal ce- 
ment to 1850 millionths for the coarse 
low-heat cement, but it was still con- 
tinuing slowly even at age 19 yr. In gen- 
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Fic. 7.—Effect of Size of Coarse Aggregate upon Creep and Expansion While in Moist Storage. 

Series 13.—Specimens, 6- by 12-in. cylinders. Aggregate, gravel. The 34-in. maximum mix was obtained by substituting 
for the 34- to 1!9-in.-aggregate used in the 1!4-in. maximum mix, an equal solid volume of 4- to 34-in. aggregate. Cement, 
type I. Aggregate-cement ratio by weight, 6.95. Water-cement ratio by weight, 0.61. Curing, 28 days moist at 70 F. Age 
at loading, 28 days. Sustained stress in compression, 800 psi. Storage after loading in fog at 70 F. Instantaneous deforma- 


tions in millionths: 3¢- to 1!9-in., 238; 34- to %4-in., 212. 


ages varied from 1100 to 1420 millionths, 
although about two-thirds of this oc- 
curred in the first 3 months. The shrink- 
age for the low-heat (type IV) cement was 
consistently greater than for the normal 
(type I) cement, and greater for the fine 
cement than for the coarse. For the ce- 
ments having a Wagner specific surface 
of 2200, the shrinkage of the low-heat 
cement concrete was from 200 to 270 
millionths greater than for the normal 
cement concrete, whereas for a specific 
surface of 1300 the difference was con- 
sistently about 150 millionths. For the 
finer grind of normal cement, the con- 
crete shrinkage at 1 month was about 


eral, about one-half to two-thirds of this 
creep occurred within the first 3 months. 
The creep for the low-heat cement was 
consistently greater than for the normal : 
cement. For the low-heat cement, the ae 
creep for the coarse grind was about 300 

per cent greater than for the fine grind, | 
but for the normal cement the creep for 
the fine grind was somewhat greater than 
for the coarse grind. It is believed that 
this may be due to variations in the 
particle size distribution of the two ce- 


. 


calculated values of specific surface. 
Where drying shrinkage is not an item 
of importance, as in mass structures,con- 
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cretes containing coarse-ground low-heat 
cement, which is more susceptible to 
creep, will have the lesser tendency to- 
wards cracking. The results of extensi- 
bility tests have demonstrated the truth 
of this statement. (Coarse-ground, low- 
heat cements were used in the construc- 
tion of Crystal Springs Dam and Morris 
Dam, both of which have enjoyed general 
freedom from cracking.) 
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principally graywacke and other sand- 
stones. The aggregate grading was the 
same for al] groups. 

The shrinkage in this series at age 23 
yr, as shown in Fig. 3, ranged in mil- 
lionths as follows: quartz, 550; limestone, 
650; granite and basalt, 850; gravel, 
1140; and sandstone, 1260. All shrinkages 
were increasing slowly even at this late 
age although about one-half to two-thirds 
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Fic. 8.—Efifect of Size of Specimen upon Creep and Expansion While in Moist Storage. 
Series 13.—Specimen height, 2 diameters. Aggregate, gravel. Fineness modulus, 5.69. Cement, type I. Aggregate- 
cement ratio by weight, 6.95. Water-cement ratio by weight, 0.61. Curing, 28 days moist at 70 F. Age at loading, 28 vo ; 
Sustained stress in compression, 800 psi. Storage after loading, fog at 70 F. Instantaneous deformations in millionths 


6-in. cyl., 238; 8-in. cyl., 239; 10-in. cyl., 248. 


The combined shrinkage and creep for 
this series varied from 2300 to 3100 
millionths, being greatest for the coarse 
low-heat cement and least for the coarse 
normal cement. It ranged from nine to 
eleven times the corresponding instan- 
taneous deformation. 


Effect of Mineralogical Charagler of Ag- 
gregale: 


Series 4 covered the effect of the miner- 
alogical character of the aggregates on 
creep and shrinkage. Five groups of spec- 
imens were made, in which the fine and 
coarse aggregate of each group was com- 
posed entirely of one rock type; these 
included quartz, limestone, granite, ba- 
salt, and sandstone. For a sixth group 
the aggregate was a local sand and gravel 
a variety of siliceous minerals, 


of the shrinkages at 23 yr occurred within 
the first 3 months. 

The corresponding creep values ranged 
in millionths as follows: limestone, 600; 
quartz, 860; granite, 960; gravel, 1070; 
basalt, 1250; and sandstone, 1500. De- 
pending upon the mineralogical character 
of the aggregate, the maximum creep 
was 2} times the minimum. At 23 yr all 
creep values were still increasing slowly 
although about one-half of the creep at 23 
yr occurred within the first 3 months. 


The combined shrinkage and creep 
ranged in millionths as follows: lime- 


stone, 1260; quartz, 1340; granite, 1780; 
basalt, 2060; gravel, 2180; and sandstone, 
2720. About one half of the shrinkage 


and creep occurred within the first 3 
months. As the materials in each miner- 
alogical group may vary, such variations 
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can be expected to affect their shrinkage 
and creep characteristics. 

The instantaneous deformations were 
greatest for the concretes containing 
sandstone and gravel aggregates, least for 
those containing granite and quartz, and 
intermediate for basalt and limestone. 
While there are some discrepancies, the 
long-time deformations, both in creep 
and shrinkage, appear to be roughly pro- 


earlier the concrete was loaded, the 
greater was the resulting creep. After 1 
yr of loading, the creep for the cylinders 
loaded at age 90 days was about 20 per 
cent less than for the cylinders loaded at 
age 28 days, but the difference in the 
short-time creep was much greater. (In 
tests of sealed specimens initially loaded 
at various ages up to 5 yr, Hanson (5) has 
shown that the resulting creep rate drops 
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Fic. 9.—Creep-Time Ratio Curves. 
20-yr values taken as 100. Creep data taken from Figs. 1, 2, 3, 4, 6. Cylinder oa 4 by 8 in. and 4 by 14 in. Maxi- 


mum aggregate, 9 %4 and 1% in. Aggregate types, several. Cement, "types I and 


th fine and coarse. Aggregate- 


cement ratio by weight, 4.25 to 6.75. Water-cement ratio by weight, 0.50 to 0.80. Age at loading, 28 and 90 days. Sustained 
compressive stress, 300 to 1200 psi. Relative humidity while loaded, 50 to 100 per cent. 


portional to the instantaneous deforma- 
tions, so that creep and shrinkage vary 
inversely with the modulus of elasticity 
at the time of loading. The combined 
shrinkage and creep ranged roughly from 
six to nine times the instantaneous de- 
formations, this factor being lowest for 
limestone and quartz, and highest for 
sandstone and basalt. 


Effect of Age of Concrete at the Time of 

Loading: 

Figure 4, giving the results of tests on 
series 2, shows the effect of age of concrete 
at time of loading and the effect of in- 
tensity of load on creep and shrinkage. 

Only two ages at loading were cho- 
sen—28 days and 90 days. It can be seen 
that for the same intensity of load, the 


off rapidly with age at time of loading 
up to about 10 days and subsequently 
the effect of age at time of loading on 
creep is less well marked.) 

The shorter the curing period the 
greater the shrinkage, though the effect 
of length of curing period was not large. 
In these tests, shrinkages were all rela- 
tively low because of storage at the rela- 
tively high humidity of 70 per cent. 

For the concretes loaded at the age of 
28 days, the combined shrinkage and 
creep ranged from about three to four 
times the instantaneous deformations; 
for those loaded at 90 days this value 
ranged from four to six. In each case the 
high value was for a stress of 600 psi and 
the low value was for a stress of 900 psi. 
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Effect of Intensity of Loading: 


As shown for series 2 in Fig. 4, the 
creep after 21 yr was 370 millionths for 
specimens loaded to 300 psi at 28 days, 
740 and 680 millionths when loaded to 
600 psi at 28 and 90 days, 1160 and 1000 
millionths when loaded to 900 psi at 28 
and 90 days and 1450 millionths when 
loaded to 1200 psi at 90 days. For the 
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served creep by the load intensity to 
obtain the average creep per unit load; 
but this tends to obscure the very effect 
which should be shown. Therefore, the 
data for Fig. 4 were reanalyzed by a 
method intended to emphasize the effect 
of the level of stress on the resulting 
creep. From the creep at each stress level 
of 300, 600, 900, or 1200 psi, the creep 
for the next lower stress level was sub- 


upper 
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Fic. 10.—Drying Shrinkage-Time Ratio Curves. 


20-yr values taken as 100. Shrinkage data taken from Figs. 1, 2, 3, 4, 6. Cylinder sizes, 4 by 8 in. and 4 by 14 in. Maxi- 
mum aggregate, 34 in. and 1)4 in. Aggregate types, several. C ement, types I and IV, both fine and coarse. Aggregate- 
cement ratio by weight, 4.25 to 6.75. Water-cement ratio by weight, 0.50 to 0.80. Curing period, 28 and 90 days. Relative 


humidity during storage, 50 and 70 per cent. 


three intensities of loading at age 28 days, 
the creep was almost directly propor- 
tional to the load; this is also approxi- 
mately true for the loadings at age 90 
days. 

The combined shrinkage and creep in 
21 yr in this series varied from 800 mil- 
lionths for the specimens loaded to 300 
psi at age 28 days to 1900 millionths for 
the specimens loaded to 1200 psi at age 
- 90 days. These combined values ranged 
from three to nine times the instantaneous 
_ deformations for the specimens loaded at 
age 28 days, and ranged from four to six 
times the instantaneous deformations for 
those loaded at age 90 days. For each age 
the lower the stress the higher this factor. 

Creep tests at various stress levels are 
commonly compared by dividing the ob- 


tracted, so that a series of curves was 
produced as shown in Fig. 5 which indi- 
cates the creep coefficient at various in- 
crements of stress level. It can be seen, 
from Fig. 5, that the creep per unit stress 
at the higher levels of stress intensity 
was significantly greater, with the differ- 
ence increasing as the stress level became 
greater. 

These stress levels are only a small 
fraction of the ultimate strength of the 
concrete, but Shank (7) has shown how 
creep increases to incipient failure as the 
stress level approaches the ultimate 
strength of the concrete. It may thus 
be expected that increase in magnitude 
of creep with increasing stress level is a 
continuous phenomenon from the lowest 
stress level up to failure. 
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Effect of Moisture Condition of Storage: 


All test results for this series are shown 
in Fig. 6. After 23 yr storage, the length 
changes of the unloaded specimens were 
as follows: In fog or water the swelling 
was 160 millionths; at 70 per cent and 50 
per cent relative humidities the shrink- 
ages were 790 and 1120 millionths re- 
spectively. These results show the 
marked influence of moisture conditions 
of storage on length changes. 

The creep after 23 yr for the loaded 
specimens were as follows: In water, 360 
millionths; in fog, 380 millionths; at 70 
and 50 per cent relative humidities the 
creep was 800 and 1080 millionths re- 
spectively. Thus it is seen that within 
this range the lower the moisture content 
of the surrounding medium the greater 
the creep. 

The combined shrinkage and creep in 
this series was 210 millionths for water 
storage, 250 millionths for fog storage, 
1600 millionths for storage at 70 per cent 
relative humidity, and 2180 millionths 
for storage at 50 per cent relative humid- 
ity. The combined shrinkage and creep 
at 50 per cent relative humidity was 10 
times that for water storage. The com- 
bined shrinkage and creep ranged from 
about 1 to 8 times the instantaneous 
deformations; the drier the storage con- 


dition the higher this value. jibe 
Effect of Size of Aggregate: “1 oy 


For these tests the specimens con- 
tained gravel aggregate having a fineness 
modulus of 5.15 for ?-in. maximum ag- 
gregate and 5.69 for 1}-in. maximum 
aggregate. The aggregate-cement ratio 
by weight was 6.95 for both conditions. 

As shown in Fig. 7 the swelling for fog 
storage was slightly greater for the 1}-in. 
aggregate than for the #-in. aggregate, 
although both values were small in com- 
parison with the shrinkage which would 
have developed under drying conditions. 


On CREEP AND SHRINKAGE TEST OF CONCRETE 1113 


At the age of 10 yr the creep values 
under moist storage conditions were 390 
for the 1}-in. aggregate and 300 for the 
#-in. aggregate. The comparable instan- 
taneous deformations when first loaded 
were 212 millionths for the 3-in. ag- 
gregate and 238 millionths for the 1}-in. 
aggregate. 

The reason for the greater early-age 
creep of the concrete containing the 
larger aggregate is not apparent. The 
important thing shown by Fig. 7 is that 
the rate of long-time creep is not appreci- 
ably affected by size of aggregate when 
the paste content is kept constant. 


Effect of Size of Specimen: 


For this series, the specimens were of 
diameters of 6, 8, and 10 in. and a height 
equal to twice the diameter. Curing and 
storage were in fog at 70 F. Creep speci- 
mens were stressed to 800 psi at the age 
of 28 days. 

As shown in Fig. 8, the swelling for 
fog storage was essentially the same for 
all three sizes of cylinders and was rela- 
tively small in comparison with the 
shrinkage which would have developed 
under drying conditions. 

At the age of 9} yr, the creep values 
for the 6, 8, and 10-in. diameter cylinders 
were 400, 340, and 280 millionths respec- 
tively. These values definitely show that 
the creep decreases as the size of speci- 
men increases, but a large part of the 
difference occurs at a very early age. 
Instantaneous deformations in millionths 
were as follows: for 6-in. cylinders, 238; 
for 8-in. cylinders, 239; for 10-in. cylin- 
ders, 248. By referring to Fig. 6, which 
shows the effect of moisture conditions 
of storage on creep, it will be seen that the 
creep values noted above would have been 
much greater for dry conditions of stor- 
age. The results shown indicate that 
under conditions where free escape of 
surface moisture is possible, the larger 
the mass of concrete, the smaller will be 
the creep for the same loading. Any fac- 
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tors which increase resistance to seepage 
probably will tend to decrease the creep 
of concrete. 


Effect of Duration of Loading on Creep: 


Many investigators have been con- 
cerned with the effect of time on creep. 
The typical creep-time ratio curve in 
Fig. 9, which shows this effect, was con- 
structed by computing for each group of 
specimens included in Figs. 1 to 6 the per 
cent of the 20-yr total creep at each 
plotted time division. Considering that 
the several test series embrace a variety 
of conditions of mix, water-cement ratio, 
consistency, rock type, storage, load in- 
tensity and age at loading, the narrow 
envelope enclosing all the creep curves 
is rather surprising, but lends some cre- 
dence to the term “typical creep-time 
ratio curve.” 

If the slope of the creep curve on a 
semilogarithmic plot is termed the 
“creep coefficient” K, then the total 
creep € in time / can be expressed as: 


e = K log, (¢ + 1) 


With some idealization, the average 
creep-time ratio curve of Fig. 9 could be 
expressed as two straight lines on the 
semilogarithmic plot as follows: 


e = 0.149 log. (¢ + 1) for 0 < t < 730 days 
and 

« =-0.86 + 0.0665 log. (¢ — 730) 
for 


where « represents the fraction of the 
creep at 20 yr. After 2 yr, the creep coef- 
ficient was only 45 per cent of the co- 
efficient previous to that time. 

It is interesting to note that, in general, 
one-fourth of the 20-yr creep took place 
in the first 2 weeks of loading, about 
half in the first 2 to 3 months, and about 
three fourths in the first year. The 
second year contributed another 10 per 
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cent creep, and it then took 18 more 
years to produce an additional 15 per 
cent of creep. On the average, in another 
10 yr, creep will increase only 2} per cent. 
Averages may be misleading, however, 
since some concretes attained only two- 
thirds of their 20-yr creep at the end of 1 
yr, while others attained five-sixths of it. 

If ultimate creep is predicted on the 
basis of four thirds of the creep at 1 yr, 
the maximum error will Le in the order 
of only +15 per cent. If the time when 
average creep is 50 per cent of the 20-yr 
creep, which occurs at about 2} months, 
is chosen for predicting creep, errors will 
be much greater, since the creep at 20 yr 
may range from 150 to 300 per cent of 
the creep at 2} months. 

It would appear that if a standard 
creep test is devised, it should be predi- 
cated on a duration of loading of not less 


than 1 yr. eas 


vil 


Effect of Time on Shrinkage: 


In an attempt to isolate the time ele- 
ment in the drying shrinkage of concrete, 
all shrinkage test results on 4-in. diam- 
eter cylindrical specimens were plotted 
on a semilogarithmic scale as percentages 
of the shrinkage at 20 yr, regardless of 
the individual conditions of ingredients, 
mix, or curing. Most specimens were 
stored at 70 F and 50 per cent relative 
humidity, but some were stored at 70 
per cent relative humidity. Results are 
shown in Fig. 10. The spread of the 
shrinkage curves is considerably greater 
than for the similar study made on creep 
specimens, but the average of 56 cylin- 
ders shows a rapid shrinkage rate for the 
first 90 days on this semilogarithmic plot, 
and a markedly lower logarithmic rate 
for the remaining time. On the average 
about one half the shrinkage occurred in 
the first 2 months, nearly 80 per cent in 
the first year, and the remaining 20 per 
cent in the ensuing 19 yr. An additional 
5 per cent occurred between 20 and 30 yr. 
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_ Idealizing the average curve of Fig. 10 shrinkage for the period after 90 days, is 

as two straight lines, the average ratio only 35 per cent of the value for the 
of shrinkage to time can be expressed period up to that age. 
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fairly well by the equations Reinforced Concrete Columns: 


Thirty-six round, spirally reinforced 
concrete columns have been under ob- 
servation for 22 yr. All columns were 


| 5 = 0.65 + 0.080 log, (t — 90) for 90 <¢< reinforced with six evenly spaced longi- 
| ; tudinal bars, with either 1.9 or 5.0 per 


6 = 0.227 log. (¢ +1) for 0<t< 90 


and 


where 6 is the portion of the total shrink- 
age at 20 yr. The coefficient of the log- 
arithmic term, representing the rate of 


cent of steel. The pitch of the spiral in all 
cases was 1 in., with the size of the wire 
so proportioned that the volume of steel 


L 
= 


1116 we 
in the spiral was one fourth that of the 
longitudinal steel. The outside diameter 
of the spiral equalled the diameter of the 
column so that all the concrete corre- 
sponded to “‘core” concrete as defined in 
the 1956 Am. Concrete Inst. code. Two 
nominal concrete strengths were used: 
2000 and 4000 psi at 28 days. Two thirds 
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physical and mechanical properties of the 
concrete. 

Figure 11 shows the observed length 
changes for all conditions of loading, re- 
inforcement, and storage. As indicated in 
other tests, conditions of storage exerted 
a profound influence on the length 
changes. While plain concrete columns 


TABLE I.—STRESSES IN REINFORCED COLUMNS BEFORE AND AFTER 
APPLICATION OF LOAD. 


Compressive Stress, psi 
Nominal Longi- Total Before Due to After After 
Strength of | tudinal Load Application Application Application Long-Time 
Concrete at |Steel, per|Applied to of Load Load of Load Loading” 
28 days, psi cent |Column, Ib 
Steel | Com | steer | Com | Steet | Com | Steer | Con- 
1 2 3 a | 5 6 7 8 9 10 11 
Cotumns Storep 1n Air or 50 Per cent Revative Humipiry at 70F 
| 
2000...... 5.0 | 22 300 1500 | —75* | 9400 | 895 10 900 | 820 } 28 000 | -—8s0 
S000...... 1.9 14 200 900 | —20 | 6400 615 7 300 600 37 800 0 
4000...... 1.9 21 800 3200 | —60 | 7600 980 10 800 920 42 500°, 305 
Cotumns Storep Unper Water at 70F 
ee 5.0 19 200 0 0 7000 820 7000 820 12 100 555 
ar 1.9 13 650 | —300 5 5300 610 5000 615 10 600 505 
4000...... 1.9 20 600 | —700 15 7100 930 6400 945 13 400 810 


a” * Minus sign indicates tension. 


© Yield point. 


+ 22 yr for columns in air; 17 yr for columns in water. 


_ Nore.—Column diameter, 5 in. with 1.9 per cent steel and 4}4 in. with 5.0 per cent steel. Column 
length, 48 in. Aggregate, 0 to !4-in. local gravel. Fineness modulus, 4.47. Cement, normal portland, 
type I. Aggregate-cement ratio, by weight, 8.40 for 2000-psi concrete, 4.80 for 4000-psi concrete. 
Water-cement ratio, by weight, 0.83 for 2000-psi concrete, 0.53 for 4000-psi concrete. Slump, 6 in. 
Curing, 21 days moist at 70 F, then stored as indicated. Age at loading, 28 days. 


of the total number of columns were 
stressed, after 28 days initial curing, to 
the allowable loads computed according 
to the Joint Committee code of 1924 (8). 
Half the total number of loaded speci- 
mens were stored in air at 70 F and 50 
per cent relative humidity and the re- 
mainder were stored under water. An 
additional 16 plain concrete columns and 
52 cylinders were used to establish the 


® Building Code Requirements for Reinforced 
Concrete (ACI 318-56). 


stored in air shrank up to 1000 millionths, 
plain concrete columns stored in water 
swelled 100 millionths. The effect of the 
steel reinforcement in reducing shrinkage 
is shown to be in proportion tc the 
amount of steel. While the 22-yr shrink- 
age of plain concrete was 2} times the 
shrinkage at 1 month, the 22-yr shrink- 
age for columns reinforced with 1.9 per 
cent steel was only fractionally greater 
than that at 1 month, and after 1 month 
no further shrinkage was noted for col- 
umns reinforced with 5 per cent steel. 

> 
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_ The creep curves show trends quite 
similar to those described for shrinkage. 
Creep of columns stored in air was about 
three times that for corresponding col- 
umns stored under water, Increasing the 
percentage of steel reduced the creep in 
concrete. However, regardless of the con- 
dition of storage or of steel percentage, 
in all cases creep increased for the entire 
22-yr period of observation. 


On CREEP AND SHRINKAGE TEST OF CONCRETE 


417 


Average stresses in the steel and con- 
crete were determined from the observed 
column strains and the complete stress- 
strain characteristics of the steel. For 
any strain in the steel, the corresponding 
average stress was found, which when 
multiplied by the area of longitudinal 
steel, gave the portion of the load carried 
by the steel. The remainder of the total 
load was carried by the concrete, and 


The combined length changes due to 
creep and shrinkage were five times as 
large for air storage as for water storage 
and indicate the strong influence of the 
percentage of steel on the total length 
changes. For air storage, length change of 
the columns containing 1.9 per cent of 
steel was 55 per cent of that for the plain 
concrete columns, while for those con- 
taining 5 per cent of steel, the length 
change was only 30 per cent of that for 
plain concrete. The columns stored under 
water showed the same general behavior, 
but with slight changes -in the percent- 
ages. These effects persisted for the entire 
period of observation and indicate the 
value of steel in reducing volume 
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Fic. 12.—Stresses in Steel and Concrete of Reinforced Concrete Columns. at del 
See Table I for column details. 


the average stress in the concrete was 
found by dividing concrete load by con- 
crete area. 

The stresses in the reinforced columns 
before and after application of load are 
given in Table I. The stresses immedi- 
ately before loading were all referred to 
the condition existing at the end of the 
21-day curing period, when no stresses 
were assumed to exist. The stresses 
shown in columns 4 and 5 of Table I 
were caused by the storage condition 
during the 7 days prior to loading. For 
the specimens stored in air, the drying 
shrinkage of the concrete developed com- 
pressive stresses up to 3200 psi in the 
steel and tensile stresses up to 75 psi in 
the concrete. For the specimens stored in 
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water, the swelling of the concrete devel- 
oped tensile stresses up to 700 psi in the 
steel and compressive stresses up to 15 
psi in the concrete. 

The stresses immediately after loading 
are shown in columns 8 and 9 of Table 
I, and the stresses after long-time loading 
are shown in columns 10 and 11. For the 
specimens stored for 22 yr in air, those 
made of 2000-psi concrete reinforced with 
5.0 per cent of steel finally developed a 
tensile stress of 80 psi in the concrete 
while the compression in the steel in- 
creased from 10,900 to 28,000 psi. For 
those made of 4000-psi concrete rein- 
forced with 1.9 per cent of steel, the 
compression in the concrete decreased 
from 920 to 305 psi and the compression 
in the steel increased from 10,800 to 
42,500 psi, its yield point. For the speci- 
mens stored for 17 yr in water, the maxi- 
mum increase in the compressive stress 
in the steel while under sustained load 
was 7000 psi (from 6400 to 13,400 psi) 
and the maximum decrease in the com- 
pressive stress in the concrete was 265 
psi (from 820 to 555 psi). 

The diagrams of Fig. 12 show the ef- 
fect of time on the steel and concrete 
stresses. The steel reinforcement took a 
gradually increasing share of the com- 
pressive load for the first 10 yr, with a 
corresponding decreasing compressive 
load on the concrete. After 10 yr the 
stress changes were insignificant. For the 
columns stored in air which were made 
of 2000-psi concrete and contained 5 per 
cent steel, after 2 yr of loading the shrink- 
age, when combined with the effects of 
load, was sufficiently great to produce a 
net tensile stress in the concrete, which 
ultimately reached 80 psi. The steel was 
then carrying the entire load to which the 
column was subjected plus a compressive 
load equal to the tension in the concrete. 


SUMMARY 
For the 4-in. diameter unloaded cylin- 
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ders and those loaded to 800 psi at 28 
days and thereafter stored in air at 50 
per cent relative humidity, at 70 F, it 
was observed that: 

1. Creep and shrinkage deformations 
continued over the entire period of ob- 
servations, which in some cases was as 
long as 28 yr; but the rates of change at 
the later ages were very small. 

2. Eighteen to 35 per cent of the total 
creep after 20 yr occurred in the first 2 
weeks of loading, 40 to 70 per cent within 
3 months, and 64 to 83 per cent within 1 
yr (Fig. 9). The average values were 26, 
55, and 76 per cent respectively. 

3. Fourteen to 34 per cent of the total 
shrinkage after 20 yr occurred in the 
first 2 weeks of drying, 40 to 80 per cent 
within 3 months, and 66 to 85 per cent 
within 1 yr (Fig. 10). The average values 
were 22, 56, and 78 per cent respectively. 

4. In many cases the magnitude of 
shrinkage was practically equal to creep 
(Figs. 1, 2, 3). 

5. Creep increased with a higher wa- 
ter-cement ratio and with a lower aggre- 
gate-cement ratio but was not directly 
proportional to the total water content 
of the mix (Fig. 1). 

6. In these tests, shrinkage was not 
appreciably affected by either the water 
content, the water-cement ratio, or the 
aggregate-cement ratio. 

7. Creep of concrete was appreciably 
greater for type IV (low-heat) than for 
type I (normal) portland cement (Fig. 
2). For type IV cement the creep was 
greater for the coarse grind than for the 
fine, but the reverse was true for the 
type I cement. 

8. Shrinkage of concrete was affected 
by composition and fineness of cement 
(Fig. 2), being greater for type IV (low- 
heat) cement than for type I (normal) 
and greater for the 
of both types. 
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_ 9, Creep of concrete was greatest for 
crushed sandstone aggregate followed in 
descending order by basalt, gravel, gran- 
ite, quartz, and limestone (Fig. 3). The 
creep for sandstone concrete was more 
than double that for limestone concrete, 
showing the importance of materials se- 
lection where creep is a factor. 

10. Shrinkage was greatest for sand- 
stone concrete, and then in descending 
order of shrinkage came gravel, basalt, 
granite, limestone, and quartz concretes 
(Fig. 3). The shrinkage for sandstone 
concrete was more than double that for 
quartz time. 

11. The rate of long-time creep of con- 
crete was not appreciably different for 
1}-in. aggregate than for #-in. aggre- 
gate, when the paste content was kept 
constant (Fig. 7). 


For ages of loading from 28 to 90 days, 
stresses from 300 to 1200 psi, storage 
conditions which ranged from air at 50 
per cent relative humidity to immersion 
in water, and for specimen diameters 
from 4 to 10 in., the following state- 
ments apply: 

12. The older the specimen at time of 
loading, that is, the more complete the 
hydration of cement, the less the creep 
(Fig. 4). 

13. The creep per unit of stress was 
only slightly greater at the high stresses 
than at the low stresses (based on Fig. 
4). However, for each increment of higher 
stress the creep coefficient tends to in- 
crease (Fig. 5). (Other tests have shown 
a very large increase in the creep coef- 
ficient as the stress approaches the ulti- 
mate strength of the concrete.) 

14. The humidity of the surrounding 
air had a very great effect on both creep 
and shrinkage (Fig. 6). The shrinkage at 
50 per cent relative humidity was about 
1.4 times that at 70 per cent relative 
humidity and about 8 times the swelling 
for storage in water. The creep in air at 
50 per cent relative humidity was about 


1.4 times that in air at 70 per cent 
relative humidity and about 3 times that 
for storage in water. 

15. Creep decreased as the size of speci- 
men increased (Fig. 8), a large part of 
the difference occurring at a very early 
age. In general, large specimen size or any 
other factor which will tend to decrease 
the movement of internal moisture prob- 
ably will tend to decrease the creep of 
concrete. 

16. The combined shrinkage or swelling 
and creep ranged from about 1 to11 times 
the instantaneous deformations, the low 
values occurring for storage in water or 
fog, for high intensities of stress, and for 
limestone aggregate; the high values re- 
sulted from storage in dry air, at low in- 
tensities of stress, and for sandstone ag- 
gregate. 


From the tests on the reinforced-con- 
crete columns it appears that: 

17. Those made of 2000-psi concrete 
and 5 per cent of steel, which were initi- 
ally stressed to about 900 psi in the con- 
crete and 9400 psi in the steel and which 
were stored in air for 22 yr, developed a 
low tensile stress (80 psi) in the concrete 
and a high compressive stress (28,000 psi 
or 1} times the allowable compressive 
stress) in the steel as a result of the com- 
bined effect of shrinkage and creep. 

18. Similarly, for those of 4000-psi 
concrete with 2 per cent of steel which 
were initially stressed to about 1000 psi 
in the concrete and 7600 psi in the steel 
and which were stored in air for 22 yr, 
the compression in the concrete was re- 
duced to one third its original value and 
the stress in the steel was increased to 
the yield point. 

19. For corresponding reinforced con- 
crete columns stored in water for 17 yr, 
the maximum increase in steel stress 
with time was only 7000 psi (from 6400 
to 13,400 psi) and the maximum decrease 
in concrete stress was only 265 psi (from 
820 to 555 psi). 
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THE EFFECT OF FINE AGGREGATE CHARACTERISTICS OTHER THAN 
GRADING ON STRENGTH AND DURABILITY OF PORTLAND- 
CEMENT MORTAR* 


SYNOPSIS 


The effect on mortar strength and durability of the characteristics of fine 
aggregate other than grading is examined through tests of sand-cement 
mortars made at equal water-cement ratio and containing enough sand so 
that consistency is the same for all batches. 

The investigation is divided into six sections: (1) Mechanical analysis and 
regrading to the test standard. (2) Classification under the microscope of 
each size fraction as to edge, surface and shape characteristics; the particle 
shapes were used to approximate the surface area of the sample. (3) Prepara- 
tion of mortar samples in accordance with ASTM Method C 87? for measuring 
the mortar making characteristics of sand. (4) Computation of the thickness 
1 of the film of water surrounding each solid particle in the mixture and the 
, thickness of the film water and cement slurry surrounding each sand particle. 
(5) Measurement of tensile and compressive strength, volume change after 
7 28 days of wet curing and a subsequent 28 days shrinkage in laboratory air. 
(6) Measurement of durability in terms of slow freezing in air and thawing in 
water and the computation of a “relative durability factor.” 

The investigation indicated that the cement factor of a cement-sand mortar 
varies with the roughness, sharpness, and regularity of the surfaces and edges 
of a natural sand with a fixed gradation, while strength and durability do not 
necessarily vary proportionally with the amount of cement. as 

Some question is raised concerning the relative durability of manufactured _ 
sand as compared to the natural product. However, the tests confirm the 
generally held opinion that the durability of a mortar varies inversely with its 
water requirement, and that the generally accepted shape and surface factors _ 
have definite significance in defining sand of superior quality. 


Although a great deal of work has 
been done determining what constitutes 
a sound fine aggregate material and what 
kind of a grading curve produces opti- 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-28, 1958. 

‘General Manager, Compania Anonima de 
Concreto (Cadeco) Bachaquero Venezuela. Pres- 
ent address: President, Presterete Corp., Plano, 
Ill. 

2 Method of Test for Measuring Mortar-Mak- 
ing Properties of Fine Aggregate (C 87 — 52), 
1955 Book of ASTM Standards, Part 3, p. 1202. 
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mum density and workability, compara- 
tively little work has been done on the 
effect of other characteristics of fine 
aggregate on strength and durability; 
particularly with regard to its angularity, 
type of surface and shape. 

The purpose of this paper is to report 
these characteristics in a group of differ- 
ent sands and consider the results of 
tests made on mortars in which the 
gradation of the different sands does not 


vary. 
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MATERIALS USED 


The cement used was a mixture of 
equal parts of two brands of type I 
portland cement purchased in Chicago. 
At the start of the program, it was 
mixed together thoroughly and placed in 
twenty cans with air-tight friction covers 
so there should be no difference in 
cements used at different times during 
the program. 

Ottawa sand was used as a control 
material. Sample No. 110 was a blend of 
equal parts of Method C 109 and C 190 
sands with a fineness modulus of 2.56, 
and sample No. 111 was C 190 sand (100 
per cent passing the No. 20 and retained 
on the No. 30 sieve). Where referred to 
for comparative purposes, the average of 
the two is used. 

There are several distinct categories of 
fine aggregate. The first group consists of 
samples from three different supply 
yards of a major Chicago supplier and the 
yard of each of two others. These were 
sampled at intervals of several months 
as a check of the uniformity of a given 
supply source. 

The second series represents the pits of 
different suppliers in the Chicago area 
extending from Janesville, Wis., to the 
Bass River in Michigan. 

Two glacial sands were obtained from 
the state of Washington. The first con- 
sists of two natural glacial sands custom- 
arily used in a 40 to 60 blend in the city 
of Spokane. The second is a natural pit- 
run sand from Stellacoom. 

Three samples were received from the 
island of Puerto Rico. One is very fine, 
white silica sand from Manati beach. 
This is the only such material on the 
island, and while not used for concrete 
was submitted as being of unique inter- 
est. Two other beach sands were sub- 
mitted, one in common use by residential 
contractors in the area near Central 


Constancia and the other a source ap- 
proved for work on structures at Ramey 
Air Field. The fourth sample was ob- 
tained from the Loiza River, which 
drains the mountains of the interior. 

Four very different samples were re- 
ceived from the state of Missouri. Two 
of them are manufactured sands: a 
trap-rock sand having a specific gravity 
of 3.01 and a rolled flint sand with a 
specific gravity of 2.59. The natural 
material consisted of an angular Mera- 
mec River sand with a specific gravity of 
2.55 and a Missouri sand from deposits 
near Boonville, with a specific gravity of 
2.61. 

As a direct comparison of natural and 
manufactured sand, two samples were 
received from the Blue Rock quarries in 
Maine, a glacial deposit. The final group 
contains four sands from southern Cali- 
fornia: from Rose Canyon, Mission 
Valley, Poway (the fine aggregate used 
for Sutherland Dam), and San Gabriel 
Canyon. 

Each sample as it was received was 
stored in 2} gal tight-covered pails until 
processed. When used in the test mixes 
it was always recombined to standard 
grading. 


ELIMINATION OF GRADING AS A FACTOR 


Following a mechanical analysis using 
the standard sieve series, the sand was 
tested in the saturated surface-dry con- 
dition for specific gravity, dry rodded 
weight, dry loose weight, per cent 
washed through the No. 200 sieve, and 
for organic matter by means of the 
colorimetric test. 

Immediately after weighing each sieve 
fraction, a small vial was filled one third 
to one half full for later examination 
under the microscope. The individual 
fractions were then recombined into a 


TABLE I.—SAMPLES DEFINED. 


Speci- Surface Shape, percentage 
Sampl Origin fic | Silt, | Plate a 
Grav- |per cent) Color Facte elec 
ity & actor | Acicu- 
| Broken 2 | lum- 
a n lar |e f | nar 
No. 110..... Ottawa 2.67|None | 0 80 .|100 |. 
Ottawa 2.66) None 0 80 - |100 
Yard No. 1 2.66! 0.8 1 32 3 100 | 1 | 2 | 95 2 
No. 121..... Yard No. 1 2.65,2.2 | 1 | 3] 3 96|1|2|94| 3| 
No. 152..... Yard No. 1 2.66) 1.2 1 1 7 91} 2/)6/)] 88 3 1 
Me. i206: .... Yard No. 12 2.63) 0.6 1 4 Ti i et... 
No. 123..... Yard No. 12 2.67) 1.4 1 19 11 95 | T| 2| 97 1 
ee SO. oss Yard No. 9 2.65) 0.5 1 2 100 | 1 99 | T 
No. 125..... Yard No. 9 2.66) 1.9 1 10 96 1 | 95 4 T 
Lacon 2.65) 0.3 2 94.4}. 
Lacon 2.63) 1.4 1 9 2 97 1 
Cuicaco AREA 
Indians 2.61.4 | 2 90 | 7/1] 97| 2 
No. 153. Aurora 2.66) 0.3 1 NR 97 | 2) 6) 86 6 
No. 120..... Bass River 2.66) 2.0 100 6 
No, 126 Beloit, Wis. 2.65) 0.5 1 4 40 100 |...| 7 | 93 7 
Ne. Afton, Wis. 2.65) 0.7 1 100 | 1 |...| 96 3 
No. 128. Janesville 2.66) 0.7 1 8 9 94 |...| 1} 93 6 
No. 129. Fontana, Ind. 2.69) 3.2 1 10 3 100 |} 2} 5 | 85 8 
No. 130..... McHenry, IIl. 2.69| 1.3 100} 3| 3} 71} 22] 1 
Crystal Lake 2.67) 1.5 1 13 9 97 | T| 3 | 92 5 
No. 132.....| Fox River 2.66) 1.5 1 12 10 97 | 41] 80] 14 
WASHINGTON 
Meo. 196. ..... Spokane 2.65) 1.9 1 102 |} 4| 6] 77) 13 T 
! No. 146..... Stellacoom 2.68) 1.2 3 7 14 93 | 2/4) 61] 31 2 
Puerto Rico 
No. 136..... Manati 2.61) 1.2 1 90 7 86 | 2| 6| 84 7 1 
No. 137... ... Constancia 2.60) 3.9 2 32 20 98 | 2/9] 75 | 14 
No. 138..... Ramey 2.53) 0.3 1 35 23 80 | 4 |13 | 66 | 11 6 
No. 139A. Loiza River 2.66) 1.6 2 49 18 100 | 3| 8 | 73 | 16 7 
Missouri 
No. 140. Meramec River | 2.551.1 | 1 | 35| 21 sé 9| 1 
No. 143..... Missouri River 2.61) 0.2 1 81 | 7 | 3 | 87] 10 
. No. 141..... Flint 2.59) 0.9 1 92 63 119 (20 |15 | 42 | 20 3 
| No. 142A. Porphyry 3.01) 1.5 1 73 > 119 | 7 |11 | 63 | 17 2 
MAINE 
No. 145..... Blue Rock 2.67) 5.8 1 73 = 119 |10 |10 | 60 | 19 1 
No. 144A Blue Rock 2.63) 0.6 1 53 37 87 | 7 | 6 | 82] 12 
CALIFORNIA 
No. 148..... Rose Canyon 2.65] 1.2 2 41 107 |1|5|70| 7 
| No. 149..... Mission Valley. 2.60) 1.5 1 19 34 107 | 8 | 6 | 60 | 25 1 
Me. Poway 2.61) 1.3 1 29 78 107 | 2 | 8 | 63 | 27 
Me, San Gabriel 2.61] 1.5 1 20 22 102 | 1} 4] 65 | 30 T 


Nore: Per cent values are for standardized grading. 
°T = trace. 


NR = no report. é 
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standardized grading as follows: 


Per C 

Sieve Retained Per Cent 

Retained 


Fineness modulus: 2.46. 


Repeat samples were taken from four 
Chicago supply yards at intervals of ten 
to twelve days as a check on uniformity. 
These are noted in Table I as the Sup- 
pliers Group. 


DESCRIPTIVE TERMINOLOGY 


The systematic examination of the 
identifying characteristics of the different 
samples and their behavior under test 
required the use of certain descriptive 
terms. For the purposes of this paper, 
they are defined as follows: 


Particle Edges: 


S = Sharp: Refers to particle edges as 
seen under the microscope 

R = Rounded: These edges under the mi- 
croscope have a complete lack of 
sharpness so as to continue the tex- 
ture of one face around to the adja- 
cent one. 

Broken or serrated: Edges of this 
character are sufficiently irregular to 
provide additional keying of the 
particle into a water-cement matrix. 


Surface’ Roughness: 


Under the microscope, the kind of sur- 
face of the particle was observed. Subse- 
quently, the average water demand of the 
different mortar samples containing sand 
of different roughness was tabulated, and 
on the basis of this information the rough- 
ness factors noted below were set up. 

For our purposes, a roughness factor of 
100 is defined as a moderately reflective 
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but rough and irregular surface judged to 
bond well with a cement-water matrix and 
characteristic of concrete sand requiring 
about 36 gal per cu yd of mixing water 
in concrete using coarse aggregate up to 
1 in. maximum size. 


Kind of Surface Noted a 

Very rough, fractured.............. 102 
Knobby or cavitated and rough...... 107° 
Manufactured sand................ 119 


* Interpolated value. 


Fractured.—Indicates the kind of sur- 
face presented by a crystal, broken by im- 
pact on a cleavage plane and sufficiently 
irregular to promote keying as well as bond. 

Knobby or cavitated.—Refers to surfaces 
having either excrescences or cavities which 
substantially increase area and the keying 
action of the particle. 


Particle Shape: 


Five types of particle shapes were recog- 
nized and a count made of each type under 
the microscope: 


Lamellar.—Very flat or thin particles in 
which the thickness is about one tenth of 
the maximum dimension, 


Tabular.—Particles in which the thick- 
ness is about three tenths of the maximum 
dimension, 


Equant.—Round or cubic particles in 
which the ratio of maximum to minimum 
dimension is close to one to one, 


Columnar.—Cylindrical or elongated par- 
ticles, in which the height is about three 
times the minimum dimension, and maxi- 
mum and intermediate dimensions are ap- 
proximately equal, 


Acicular.—Very elongated particles, in 
which the height is about ten times the 
minimum dimension, and minimum and 
intermediate dimensions are approximately 


|| 
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2 METHOD OF EXAMINATION 


After making the mechanical analysis 


of the original sample, small fractions of ° 


the different sieve sizes were examined 
under a metallographic microscope fitted 
with the objectives and annular con- 
densers of the modified Leitz dark-field 
system of illumination. This system 
emphasizes color, shape, and texture and 
provides a relatively great depth of focus. 

A typical sample was obtained by 
quartering and requartering each small 
sample obtained during the mechanical 
analysis. It was then placed on a slide of 
black glass. Traverses were made across 
the sample so as to include not less than 
500 individual particles and counts made 
of each characteristic. The results of the 
examination are summarized in Table I. 


Test PROGRAM 


The test program was confined to 
mortar mixes. Batches were made in 
accordance with ASTM Method C 87.’ 
In this test, water-cement ratio is main- 
tained at 0.60 by weight of the cement. 
Consistency is held at a flow of 100 + 5 
per cent when the test sample is dropped 
through a height of 3 in. ten times in 6 
sec on a standard flow table. With the 
sand always at the same nominal grading 
and fineness modulus, it was believed 
that its other characteristics would in- 
fluence the amount of sand that could 
be carried in the mixture at standardized 
consistency. This proved to be the case. 

In order to hold the human equation 
to a minimum, it was decided to mix the 
mortar mechanically in accordance with 
ASTM Method C 305% instead of manu- 
ally as required in Section 3 of ASTM 
Method C 87. 

In addition to molding 2-in. cubes, 
1 by 1 by 11-in. bars for checking volume 
change and resistance te freezing and 

3 Tentative Method for Mechanical Mixing 
of Hydraulic Cement Mortars of Plastic Con- 


sistency (C 305-55 T), 1955 Book of ASTM 
Standards, Part 3, p. 175. 


DEMPSEY ON STRENGTH AND DURABILITY OF MORTAR 


thawing and standard tension test 
briquets were made for each sample. 

In making up the batches, the operator 
brought the main sample to a saturated 
surface-dry condition and _ prepared 
enough material to make six cubes, six 
briquets and eight bars. 

In every case the basic batch was 1000 
g of water, 1667 of the blended type I 
cement, plus enough of a previously 
weighed sand at the standardized grad- 
ing to produce a flow of 100 + 5 per 
cent. 

Tests for compressive strength were 
made at 7 and 28 days on a Baldwin- 
Hamilton testing machine set at the 
rate of loading specified for small cubes. 
Tensile strength was measured at the 
same ages on a Galileo Officine tension 
testing machine. There is no difference in 
the human equation between compres- 
sive and tensile samples with this type of 
equipment except what might come from 
the smaller cross-section of the bri- 
quets. 

The volume change of the mortar 
specimens was measured in accordance 
with ASTM Method C 157.4 Initial 
measurement was made as soon as the 
test bars were taken from the molds. 
Subsequent measurements were made 
after 28 days of moist curing and after 
3, 7, and 28 days of storage in laboratory 
air. Moist curing was in water at 73 F. 

The test for resistance of the speci- 
mens to freezing and thawing was pat- 
terned after ASTM Method C 310.° 
Equipment did not permit exact con- 
formity with this test. There was no 
provision for measuring temperatures at 
the centers of specimens, the temperature 


*Tentative Method of Test for Volume 
Change of Cement Mortar and Concrete 
(C 157 - 54 T), 1955 Book of ASTM Standards, 
Part 3, p. 1372. 

5 Tentative Method of Test for Resistance 
of Concrete Specimens to Slow Freezing in Air 
and Thawing in Water (C 310-56T), 1956 
Supplement to Book of ASTM Standards, Part 
3, p. 204. 
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of the thawing cycle was 73 F instead of 
50 F, and the length of the thawing 
cycle was 8 hr. At suitable intervals, the 
fundamental transverse frequency of the 
specimens was measured in accordance 
with ASTM Method C 215.* The tests 
were continued until the specimens had 
been subjected to 500 cycles or more. In 
that time none of the test groups showed 
significant reduction in relative dynamic 
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pressed as 100 per cent. A typical curve 
is shown in Fig. 1. 

To attain a relative measurement of 
performance, it was necessary to take 
account of the variation in the initial 
value of the dynamic moduli as between 
individual specimens. This was done by 
determining the average initial dynamic 
modulus for the entire series (268 + 24) 
and adjusting the base line of the curve 


i 
Relative Durability 100% 
ald 
Adjusted BaserLine (102.7%) > 
300 Cycles 350 400 450 500 
Ottawa Sand. 
Relative Durability =|92% 
140 
Area = 4130 sp* 
120 wen Z 
3 Adjusted Bose+Line (95.0%) > sP 
100 
. 300 Cycles 350 400 450 0 wi 
Meramec River (No.140) 
* Spalling noted. invile 
Fic. 1.—Freezing and Thawing Series as per cent Initial Dynamic “E.” wn | 


modulus of elasticity, although one set 
had spalled so badly that visual in- 
spection suggested failure. There was no 
serious spalling on the other specimens. 

In view of these conditions, it was de- 
cided to measure the area generated by a 
curve in which per cent of initial dynamic 
modulus was the ordinate and cycles of 
freezing and thawing between 300 and 
500 was the abscissa. The origin of the 
curves was, in each case, x = 300 cycles 
and y = original dynamic modulus ex- 


Tentative Method of Test for Funda- 
mental Transverse, Longitudinal and Tor- 


sional Frequencies of Concrete Specimens 
(C 215 —- 55 T), 1955 Book of ASTM Standards, 
Part 3, p. 1355. 


(Fig. 1) upward or downward according 
to the percentage of the individual 
initial E in relation to the average value 
for the series. After this was done, the 
areas beneath the curves were measured 
and their value recorded as a percentage 
of the average of the two curves gener- 
ated by the Ottawa control samples Nos. 
110 and 111. The recorded value has 
been termed “relative durability factor.” 


COMPUTATIONS 


As soon as the exact proportions of the 
different batches were known, it became 
possible to study inter-particle relation- 
ships. It was thought that an assumption 


of 
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“that all aggregate particles were spheres 
might conceal the effect of variations in 
surface area or in the thickness of the 
slurry of water, cement, and air which 
must be around every larger particle. As 
a closer approximation of the true unit 
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surface area of the sample, it was as- 
sumed that while “equant” particles 
were spheres, variants were cylinders 
classified as noted previously under 
Particle Shape. The unit surface areas 
computed from the observed percentage 


TABLE II.—MORTAR BATCHES. 


Origin 


Unit Surface} Slurry 
Parts Sand bey Area, sq cm /|Thickness, 
per kg 


Ottawa 


Ottawa Kay 
a 


Lockport 12 


Lockport 1 4 
Lockport 1 
Lockport 1 


Lockport 9 
Lockport 9 


Lacon, Ill. 
Lacon, Il. 


Walcottville 
Aurora 

Bass River 
Beloit 

Afton 
Janesville 
Fontana 
McHenry 
Crystal Lake 
Fox River 


Spokane 
Stellacoom 
Blend 


Constancia Beach 
Ramey Beach 
Loiza River 


Meramec River 
Missouri River 
Rolled Flint 


Porphyry Chat 


Blue Rock 
Blue Rock Quarry 


Rose Canyon 

Mission Valley 

Poway 

San Gabriel a 


47 440 77. 
26 458 110. 


48 343 66. 
47 440 64. 
46 103 


49 352 
47 816 


88 


47 974 
46 701 


48 195 
48 255 


ww ww ww ww ww 


ww 


48 492 
47 147 
47 680 
46 524 
47 519 
46 212 
45 252 
42 449 
43 186 
44 398 


44 662 
40 698 


28 


34 124 
46 416 
41 335 
44 708 


47 536 
45 527 


to 


43 858 
39 851 


44 438 
45 644 


38 
32 


38 592 
43 274 
39 076 
41 827 


40 
38 
40 
37 


Nore.—It will be noted that batches Nos. 135 and 136 were made up at flows greater than 
105 per cent the established test limit. They could not be repeated because of lack of sufficient ma- 


terial to make up the standard grading. 
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105 3 3.40 
No. 116....... 105 3.32 
97 4 3.34 
No. 153....... 101 2 3.32 
No. 118....... 103 63.8 3.31 : 
119....... 00 97 63.7 3.32 
¥ 
No. 183...... 3. 
No. 126...... 3: 
No. 128...... 2: 32 4 
No. 129...... 32 
No. 130...... 3. 34 
3. 
3. 
No. 135...... 3. 33 
3. 34 
| Nos. 136-152. 3. 38 ; 
No. 137...... 2. 
No. 139A..... 2. 
’ No. 140...... 3 100 64.3 3.31 
No. 105 | 56.2 | 3.270 
| No. 141...... 2.m | 105 94.6 | 3.40 
No. 142A..... 3.00 100 || 76.7 3.35 : 
— 2.31 | 103 89.3 | 3 = 
No. 144A..........| 3.00 | 100 | | coo | 
No. 149...... 2.43 96 87.2 | 3 
No. 150...... 2.38 100 98.5 
Ne. 2.64 100 83.0 
= 
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TABLE III.—TEST RESULTS. 


Dynamic 
Strength, psi Volume Change, per cent 
Sample Origin sive e|§ tiv 
| | S| cent 
|R = 4 
Ottawa 2280/3380 325 425 +004} 031 | 020) 026) 073 | 077 |264) 80 
Ottawa 2140|3760) 320,460| +016) 044 | 025) 032) 085 | 101 * 120 
Lockport 1 3020/3680, 440,525|+013| NR*| NR) NR| NR | NR |252) 91 
Lockport 1 2980/5140) 420.580|+010) 019 | 044) 077 | 086 |273) 118 
No. 152. Lockport 1 3720|5260) 400/535|+-016| 043 | 020) 023) 070 | 086 |352) 153 
| 
No. 118. Lockport 12 2600/4590 410,520 +020} 048 | 020) 037) 084 | 105 |257) NR 
Lockport 12 3090/4580; 380,570|+006) 028 | 039) 075 | 081 |284) NR 
No. 119. Lockport 9 3060|5450|} 420520) NR | NR | NR| NR| NR | NR }271| 127 
Lockport 9 3620/5930! 025 | 028) 070) 107 23 |294) 116 
No. 117 Lacon 2370\5080| 380)510!+011) 046 | 025 040) 100 | 111 (237) 83 
Lacon 2260}4690| 370/520) +-005| 021 | 020) 044) 079 | O85 111 
No. 124. Indiana -|3210/4890| 370\520|+-010) 026 | 015 080 | 090 |290| NR 
Aurora 3025/4630] 448/536|+014| 034 | 024) 028) 072 | O86 115 
No. 120.. Bass River |2590/4670) 375/505 +039) 072 | 010) 033) 076 | 115 |310) 133 
No. 126.. Beloit |3360/5270) 022 | 021! 046) 07 O89 |324) 75 
No. 127. Afton |2550/4380) 375|510)+022| 036 | 031) 049) 094 | 116 |277| 113 
Janesville 2790|4920 450/560 +027) 028 | 024) 039) 064 | 091 |301| 135 
Fontana 365/405 +005] 018 | 019} 049} 081 | O86 |272) 134 
No. 130 McHenry 3100/5130 405/460 +001; 012 | 015) 047! 074 | 074 |289] 147 
Crystal Lake 2560/4990} 350/480|+018} 035 | 013) 053) 083 | 101 |288) 107 
No. 132. Fox River 2500/5270} NR | NR | NR| NR| NR | NR |287} 123 
+076 
No. 135. Spokane 2900/5090) 445 109 | 035) 033) 101 | 177 |292) 102 
Stellacoom 2725/4180) 025 | 041) 030) 078 | 096 |274| 103 
Nos. 136-152..| Blend 2870/5000] 375)/515|+016| 024 | 038) 023) 069 | O85 |292) 126 
Constancia 3080|4390| 435|565| +086) 045 | 035) 051 | 137 |244) 7 
No. 138....... Ramey 2860/4150) 375/530|+018) 022 | 021) 063 | 080 |273) 118 
No. 139A..... Loiza NR\5010| NR\540| +024) 061 | 010) 025) 072 | 096 |263) 106 
No. 140. Meramec River |2580)4520 340/420} +020} 016 | 028) 044) 068 | 088 |283] 92 
No. 143. Missouri River |2690\4710 380)460 +022! 022 | 024) 021) 045 | 067 |298) 137 
No. 141.. Rolled Flint 3230/5880 485,685| +022) 025 | 020, 035) 058 | 080 |277| 7 
No. 142A..... Porphyry Chat /|2980|4840) NR)630 +009) 022 | 026) 076 | 085 |292; 58 
Maine 2830/4750) 415,580 +022! 031 | 034) 052) 095 | 117 |234) 98 
No. 144A..... Maine 425/555 024 | 036) 034!) 076 | 094 97 
Rose Canyon 3225,5190) 375 490| +024) 053 | 017, 038; 085 | 108 |232) 46 
We. Mission Valley |3190/5330) 455 590| 058 | 017| 040, 093 | 115 |251' 62 
Poway 3275/4800) 385 505|+023) NR | NR NR 074 | 097 |250, 76 
ae San Gabriel |3135 4865) 445 530)/+-018 026 | 026 056, 091 | 108 257, 104 
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of different shapes are listed in Table II. 

The specific gravity of the cement 
used was 3.16, and its unit surface area 
1670 sq cm per g. The thickness of the 


In calculating the thickness of the 
slurry of cement and water surrounding 
a sand particle, it is assumed that no air 
is included. It is computed by dividing 
_ the total absolute volume of water and 
- cement by the surface area of the sand in 
the batch (Table IT). 


COMPARISON OF BEHAVIOR 


It is natural to compare behavior char- 
acteristics according to the origin of the 
different samples. This has little signifi- 
cance here, as the samples were chosen 
for differences rather than similarities, or 

- points deemed of special interest by the 
supplier. The only exception is the Chi- 
cago area. To check the reliability of 
results, a deliberate attempt was made in 
the case of certain suppliers to obtain 
similarity rather than difference. Since 
they were easily accessible, 12 samples 
were also obtained from the area at 

large to see how much significant differ- 
ence there might be in an area thought to 
be similar in its geological history. These 
varied so little from one another that 
they were considered as one material and 
their average is so used in this summary. 

Comparing results of tests on the basis 
of the observed sand characteristics, it 
was noted that smooth and even polished 
surfaces are not as detrimental as is 
generally believed. A detailed summary 
follows. 


Edge Characteristics: 


Rounded.—Sand with rounded edges 
includes the Ottawa control samples. 
The average 28-day compressive strength 
of all the rounded types was 4560 psi 
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with a coefficient of variation of 14 per 
cent. Exclusive of the Ottawa control 
mix, minimum strength was 4180, maxi- _ 
mum 5260 psi. Relative durability after 
500 cycles of freezing and thawing 
averaged 119 per cent with a coefficient 
of variation of 18 per cent. Minimum was 
the Ottawa control series, set by defi- 
nition as 100 per cent. 

Sharp.—The natural sand with the 
sharpest edges is sample No. 144 from 
the state of Maine. Generally, the sands 
with sharp edges made mortar with a 
minimum compressive strength of 4390 | 
psi and a maximum of 5010 psi. The rela- 
tive durability with respect to Ottawa 
control sand was below 100, averaging 93 
per cent with a coefficient of variation of 
11 per cent. Average shrinkage was 0.102 
per cent, similar to sand with rounded 
edges. The average shrinkage was in- 
creased by the Constancia sand (No. 
137), which was 0.137 per cent. This sand 
also had the lowest durability in the 
group—78 per cent. 

Manufactured.—As would be expected, 
the manufactured sand all had extremely 
sharp-edged particles. Relative dura- 
bility was 78. The porphyry chat (No. 
142A) was reported on visual! inspection 
to have spalled practically to destruction, | 
with relative durability 58. The rolled 
flint (No. 141) showed the same dura- 
bility as the average: namely, 78. The 
total volume change of the manufactured 
sands investigated was mcderate, show- 
ing an average of 0.094 per cent. The out- 
standing characteristics of the three ma- 
terials were their very high roughness 
factor, extremely sharp particle edges, 
and relative durability below 100. 


Roughness Factor: 


Smooth.—In the scale adopted for this 
inquiry, smooth to polished surfaces 
represent a minimum roughness factor. 
Samples with this type of surface in- 
cluded the Ottawa control sands 


showed an average 28-day compressive 


water film which must surround ever: 7 
solid particle is the total volume of wate 
_ divided by the sum of the surface area 
of the cement and sand in the batc 
(Table II). 
| 
| 
ay 
> 
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strength of 4460 psi. Without the control, 
the minimum was 4200 psi and the maxi- 
mum 5000 psi. Coefficient of variation 
was 11 per cent. Relative durability was 
113 per cent with a coefficient of vari- 
ation of 22 per cent. The average total 
volume change was 0.080 per cent, with 
a coefficient of variation of 9 per cent. 
The samples varied widely in surface 
area but showed low shrinkage, good 
durability and satisfactory strength. 
Sample No. 143 from the Missouri River 
near the city of Boonville was a sand in 
which many of the particles had been 
brought to a high polish. 

Rough.—The roughest natural surfaces 
include the Chicago area sands and two 
of the California samples. Compressive 
strength at 28 days was over 5000 psi in 
all cases. However, average relative 
durability was 83 per cent, influenced by 
the California values of 46 and 62 per 
cent, respectively. Shrinkage was an 
average of 0.124 per cent. Minimum was 
0.095 and maximum 0.177 per cent. 

"Manufactured.—Surfaces of manu- 
factured sand were fine-grained to rough 
and fractured, varying in the same order 
as volume change. Durability and 
strength had no inter-relationship. Maxi- 
mum strength was obtained using the 
sharpest aggregate (No. 141). 


PARTICLE SHAPE 


percentage of lamellar pieces had an 
average compressive strength of 4600 psi 
in 28 days. Except for the Ottawa control 
sands, minimum was 4700 psi and maxi- 
mum 5160 psi. Average relative dura- 
bility was 109 per cent of Ottawa sands 
with a minimum of 92 and a maximum of 
137 per cent. 

Average maximum volume change was 
0.083 per cent with a minimum of 0.067 
and a maximum of 0.095 per cent. 


Natural sand containing a maximum 


ave vile it AR 
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number of lamellar particles had a 
slightly increased compressive strength 
of 4860 psi in 28 days. Average durability 
was 91 per cent with a minimum of 62 
and a maximum of 108. Total volume 
change averaged 0.124 per cent with a 
minimum of 0.080 and a maximum of 
0.177 per cent. 

Manufactured sand contained still 
higher percentage of lamellar particles 
and stacked up as noted previously, that 
is, good strength but relative durability 
below 100 per cent of the Ottawa control 
sands. 


Tabular Shapes: 


Sands having a minimum percentage of 
tabular particles averaged 4500 psi in 28 
days and exhibited a uniformly superior 
durability, averaging 114 per cent. Total 
volume change was also moderate, al- 
though the group contained one Cali- 
fornia sample with a value of 0.108 per 
cent. The average was 0.089 per cent; 
minimum, 0.067; maximum 0.108 per 
cent. It is noted that the durability 
of all samples was over 100 per cent 
of the Ottawa control sand even though 
total volume change was quite variable. 

Sands with a maximum percentage of 
tabular particles showed a high variation 
with respect to durability and strength 
in spite of very uniform volume changes. 
The maximum number of tabular par- 
ticles was counted in sample No. 138. 
Average 28-day compressive strength 
was 4920 psi with a minimum of 4130 psi 
and a maximum of 5880 psi. Average 
relative durability was 84 per cent with 
a minimum of 58 and a maximum of 108 
per cent. Total volume change was 
0.083 per cent with a minimum of 0.080 
and a maximum of 0.088 per cent. 

For manufactured sand, maximum and 
minimum were the rolled flint (sample 
No. 141) and porphyry chat (sample No. 
142A) respectively. 


| 

| 

| 
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Columnar Particles: 


The group having a minimum number 
of columnar particles exhibited moderate 
volume change and high. durability. The 
percentage of particles with sharp edges 
ranged from 1 to 40 per cent and the 
number of equant particles from 73 to 
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Fic. 2.—Plan for Summarizing Tests and Observations and Typical Summary Sheet. 


@ 
doa 


id 
1 


Key 

t 


“a 

Total Volume Change; % 

‘be, 

Parts Sond Added hao 

Vira 


4 
qniekness © 


Change OO88% 

Wiw 
tay 
woo 


3.00 Pts. Sond 


96 per cent. Average 28-day compressive . 
strength was 4760 psi, with a coefficient 
of variation of 13 per cent. The Ottawa 
control sand was 3570 psi, and the next 
lowest with respect to columnar pieces, 
4825 psi. Maximum strength was 5260 
psi. The average relative durability was 
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119 per cent with a coefficient of vari- 
ation of +0.23, a minimum of 92 and a 
maximum of 153 per cent. Volume change 
was very uniform. The average value was 
0.086 per cent with a coefficient of vari- 
ation of 0.06, a minimum of 0.078 and a 
maximum of 0.095 per cent. 

The sand having a maximum number 
of this type of particle was No. 146. 
This group as a whole showed high 
shrinkage, variable durability, and about 
60 per cent of the particles were equant 
in shape. Sharpness varied from 7 to 29 
per cent. Strength and volume change 
were quite uniform. Average 28-day 
compressive strength was 4800 psi with a 
coefficient of variation of 8 per cent, a 
minimum of 4180, and a maximum of 
5330 psi. Average relative durability was 
86 per cent with a coefficient of variation 
of 21 per cent, a minimum of 62 and a 
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a coefficient of variation of +0.20 per 
cent, a minimum of 58 and a maximum 
of 108 per cent. The average volume 
change was 0.085 per cent with a co- 
efficient of variation of +0.06, a mini- 
mum of 0.080 and a maximum of 0.095 


per cent. 
SURFACE AREA 


The preceding paragraphs review the 
manner in which the different samples 
compare with respect to roughness, 
angularity, and individual particle shape. 
When surface area is compared, there is 
not much uniformity in the quality of the 
different mortars, so far as these tests 
show. The lowest surface areas include 
the Ottawa control sand. 

Minimum Area. — Compressive 
strength was fairly uniform with a co- 
efficient of variation of 13 per cent. The 


maximum of 104 percent. | + average was 4780 psi. Average relative 


Acicular Pieces: 


Five of the samples investigated 
showed zero or traces only of this type of 
particle. Only with respect to compres- 
sive strength was there any indication of 
uniformity. Average 28-day strength was 
4590 psi with a coefficient of variation of 
12 per cent. Minimum except for Ottawa 
control sand was 4200 and maximum 5160 
psi. The average durability was 106 per 
cent with a minimum of 76 and a maxi- 
mum of 137 per cent. Average total 
volume change was 0.085 per cent with a 
minimum of 0.067 and a maximum of 
0.097 per cent. 

The sands with a maximum percentage 
of these stick-shaped pieces included two 
manufactured sands. The highest propor- 
tion was counted in sample No. 138. Al- 
though the other test results show wide 
variations, volume change is quite uni- 
form. The average compressive strength 
was 4760 psi with a coefficient of vari- 
ation of 15 per cent, with a minimum of 
4130 and a maximum of 5880 psi. 
Average durability was 87 per cent with 


_ durability was 82 per cent with a mini- 


mum of 46 and a maximum of 126 per 
cent. Average total volume change was 
0.097 per cent with a minimum of 0.078 
and a maximum of 0.115 per cent. 

Maximum Area.—Samples with maxi- 
mum surface area show a similar lack 
of unformity except with respect to 
strength. The average compressive 
strength was 4910 psi with a coefficient 
of variation of 7 per cent, a minimum of 
4390 and a maximum of 5260 psi. The 
average relative durability was 111 per 
cent with a minimum of 78 and a maxi- 
mum of 153 per cent. The average 
volume change was 0.101 per cent with a 
minimum of 0.086 and a maximum of 
0.137 per cent. 


Graphs were made for each sample 
summarizing observations and __ test 
results. Referring to the key (Fig. 2(a)), 
the diameter of the center (/) is propor- 
tional to the relation of the fraction 
relative durability divided by slurry 
thickness to a similar value for the 
Ottawa control. In the same way the © 


} 
1 
hed 
| 
— 


4 tive durability factor “D,” 


fraction strength divided by volume 
change is plotted (2). A following con- 
centric circle of arbitrary diameter (3) 
forms a ring which is divided into seg- 
‘ments proportional to the per cent 
equant, columnar and tabular particles 
in the sample. At an additional radial 
increment proportional to the numerical 
roughness factor (4) a circle is drawn. 
The ring formed has an unshaded portion 
proportional to the per cent of sharp 


TABLE IV.—SUMMARY GROUP. 


0) ari- 
Item Average tion, 
per cent 
Mortar Tests 
Parts by weight for flow of 
3.01 9 
Compressive strength, psi. .!4810 7 
Durability, per cent....... 118 18 
Total volume change, per 
0.086 4 
Estimated cement factor 
for concrete, sacks per 
cuyd.. 5.03 rj 


ANGULARITY AND SHAPE 


factor. 


93 13 

Broken edges, per cent iecag 15.3 35 
Surface shape, per cent: 

1.4 100 

_ Surface area, sq cm per kg.| 44.060 10 


tes observed. Radial sectors (5) are 


drawn with radii proportional to the 
= found for 28-day strength, rela- 
unit surface 
is slurry thickness and volume 
change. The large outer circle emphasizes 
strength divided by volume change in 
manner shown. 
_ Figure 2 (b) shows the appearance of 
one of the completed graphs. The com- 
pleted series made a set of data readily 
classified and examined. All graphs show- 
ing low volume change with superior 
durability and strength were separated 
from the series. The result was a group 
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of samples showing quite good uniformity 
except with respect to edge sharpness. 
This group points to the characteristics 
of sand that result in superior mortars 
with respect to durability, strength, and 
volume change. 

The average value and uniformity as 
expressed by the coefficient of variation 
of the performance and identifying char- 
acteristics of this group are shown in 
Table IV. A consideration of the limits 
of uncertainty and the control ranges 
derived from Table IV suggests that the 
general characteristics and response to 
the mortar-making test of a superior 
sand should be as follows: 


GENERAL CHARACTERISTICS. 


Unit surface area, sq cm 


Roughness factor......... 84 to 104 
Broken edges, per cent of 

Equant shaped pieces, per 

Lamellar, per cent........ 0 to 2.0 
Tabular, per cent......... 4.3 to 8.3 
Acicular, per cent......... 0 to 2.4 


Mortar Maxina Test aT WatTerR-CEMENT 
Ratio or 0.60 


Parts by weight for flow 


of 100 percent.......... 2.72to 3.36 
28-day compressive 
a 4300 to 5100 


Total volume change, per 
cent 

Durability relative to Ot- 
tawa control sand, per 


0.77 to 0.97 


to 125 


MANUFACTURED SANDS 


The three manufactured sands at 
standardized grading in the mortar- 
making test required more cement and 
water than natural sand to produce a 
given consistency, confirming that con- 
crete made with it must be high in ce- 
ment and _ consequently _ relatively 
expensive. 

The samples from the Blue Rock 
quarry (Nos. 144A and 145) show the 
effect of crushing. The two are from the 


: 
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same glacial deposit, one natural and 
the other manufactured. The roughness 
factor changed from 0.92 to 1.19, the 
percentage of sharp-edged pieces from 
53 to 73, and the percentage lamellar 
pieces from a trace to 10} per cent, 
tabular pieces from 6 to 10 per cent, and 
columnar pieces from 12 to 19 per cent. 
Acicular or stick-shaped pieces jumped 
from 0 to 1.2 per cent and surface area 
decreased from 45,600 to 44,400 sq cm 
per kg. The per cent cement in total 
solids increased from 21.8 to 26.9. 

Even though total volume change in- 
creased from 0.088 per cent for the 
natural sand (sample No. 144A) to 
0.117 per cent for the other, there was 
little or no change in relative durability 
between the two: 97 per cent for the 
natural sand and 98 per cent for the 
manufactured sand. Further, in these 
two samples, derived from the same de- 
posit, there was no significant difference 
in the 28-day compressive strength. This 
confirms what common sense has long 
assumed; namely, intrinsic capacity 
for high durability and strength resides 
in the native parent material when proc- 
essing is appropriate to the intended use. 

The other two manufactured sands 
show moderate volume-change, relative 
durability of 78 per cent for the rolled 
flint sand and 58 per cent for the 
porphyry chat. On visual inspection, the 
porphyry chat had spalled so badly at 
the end of the test run that visual in- 
spection indicated failure. There was no 
visible damage to the other samples. 
Whether this relative drop in durability 
would be characteristic between the 
three samples under more rapid and 
severe exposure to freezing and thawing 
is not known. 


CONCLUSIONS 


1. The manufactured sands subjected 
to the mortar making test in this program 
required more cement and water than 
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the natural sands at equal water-cement 
ratio for equal consistency and showed 
a relative durability below that of the 
Ottawa control mixes. 

2. Smooth and even highly polished 
surfaces do not reduce strength and 
durability so far as these tests indicate. 

3. There was no correlation between 
high or low surface area and good test 
results except that when combined with 
regular shapes and smooth surfaces, an 
increase in surface area increased the 
economy of the resultant mix. At the 
standardized grading used, a satisfactory 
surface area lies between 40,000 and 
48,000 sq cm per kg. A test mortar pre- 
pared with it at a water-cement ratio of 
0.60 should require from 2.70 to 3.30 
parts of sand by weight of the cement to 
produce a flow of 100 per cent in the 
mortar-making test. 

4. This investigation suggests that the 
qualities of surface, edge and shape in a 
superior sand are as follows: 


Roughness factor....... 0.89 to 1.00 (fine 


grained to rough) 


Equant shaped pieces... Above 70 per cent 
Lamellar shapes (thin 
ae Not over 2 per cent 


Tabular pieces......... 
Acicular pieces......... 


Not over 12 per cent 
Not over 3 per cent 
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Mr. J. E. Gray! (presented in writlen 
form).—Manufactured sand or stone 
sand for use as a fine aggregate in port- 
land-cement concrete is a special product 
of many crushed stone operations. Prob- 
ably the greatest impetus to the use of 
manufactured sand has come from the 
Corps of Engineers which has used stone 
sand in such dams as Wolf Creek, Alla- 
toona, Buggs Island, and many others. 
The anticipated life of these dams is 
probably greater than that of any other 
type of concrete structure, which surely 
indicates that stone sand is considered to 
be a satisfactory and durable fine aggre- 
gate. 

--:-_Tt may be well to consider just what 

, is manufactured sand or stone sand. 

Screenings is a finely graded end product 

of the crushing operation which essen- 

tially consists of all material passing the 

3 in. or No. 4 sieve and contains all the 

dust of fracture with no control on gra- 

dation. In general, screenings have a high 

percentage between the. Nos. 4 and 30 

sieves, a low amount between Nos. 30 


i 1 Engineering Director, National Crushed 
: Stone Assn., Washington, D. C. 
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Aggregate (Designation CRD-C 120-48),. 


— 


Parker, Chief Engineer, W. H. Hinman, 
Inc., Portland, Me., through whose in- 
terest and cooperation the samples for 
the program were obtained. | 
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ment Station, Corps of Engineers, Jackson, 
Miss. 

(4) Bryant Mather, “Test of Fine Aggregate for 
Organic Impurities and Compressive 
Strength in Mortars,” ASTM But tettn, 
No. 178, Dec. 1951, p. 35 (TP229). 

(5) Recommended Practice for Petrographic 
Examination of Aggregates for Concrete 
(C 295 — 54), 1955 Book of ASTM Stand- 
ards, Part 3, p. 1248. 

hotter sitive; 


DISCUSSION 


and 100 sieves, a high dust content, and 
unless further processed is often an un- 
satisfactory fine aggregate. Stone sand, 
on the other hand, is a specially prepared 
product for which screenings may be 
used as a parent material or coarser 
stone may be used in specially designed 
mills for production of sand. The product 
has a controlled gradation including dust 
content, and in general the milling gives 
an improved shape of particle over that 
of a straight crushed material. 

The commercial production of stone 
sand is increasing as the supply of nat- 
ural sand becomes scarce and expensive. 
Costwise, stone sand cannot compete 
with locally available natural sand of 
good quality because, aside from the nor- 
mal cost of drilling, blasting, crushing, 
and screening, a large capital investment 
is required for the processing of stone 
sand. Therefore, stone sand has been 
developed in those areas where natural 
sand is not readily available, as in sec- 
tions of the states of Virginia, West Vir- 
ginia, Tennessee, and Ohio. Recently 
considerable production has started in 
Maryland. In these areas the parent rock 


> 


1136 


is limestone or dolomite. The Radford 
Dam in Virginia and the Henley Bridge 
in Knoxville, Tenn., <re notable ex- 
amples of excellently performing con- 
crete in which the fine aggregate was 
commercially produced stone sand. 

It is extremely questionable whether 
any of the three manufactured sands 
used in the investigation reported upon 
by Mr. Dempsey are representative of 
the stone sand commercially manufac- 
tured for use as fine aggregate. Two are 
from Missouri whose Highway Depart- 
ment uses no stone sand since Missouri 
has an abundant supply of natural sand.? 
One of these is a “rolled flint” and the 
other was a traprock or porphyry of high 
specific gravity. The “rolled flint” and 
“porphyry chat” are apparently both 
waste products from the zinc mines. 
The third stone sand was produced from 
a glacial deposit from Maine which 
“showed the effect of crushing,” for the 
other sample from Maine was a natural 
sand from the same deposit. While the 
author makes no claim that the manu- 
factured sands are representative of com- 
mercially produced stone sand, one 
would in all reason expect that such an 
investigation would include at least one 
manufactured sand of known good qual- 
ity from an established and accepted 
source. 

Particle shape was studied by means 
of the microscope on separations into five 
shape classifications. These must have 
been quite laborious to determine, have 
a high personal equation, and difficult to 
reproduce to the indicated precision. 
Moreover, this shape classification is im- 
practical in that the method does not 
lend itself to application for specification 
purposes. A rather simple practical 
method has been developed for con- 
trolling particle shape to assure satisfac- 
tory workability that is reproducible and 
is used in specifications. The method is 


2? Highway Research Board Circular 363. 
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based on the fact that when sand is sep- 
arated into its different size fractions, 
such as the No. 8 to No. 16, No. 16 to 
No. 30, and No. 30 to No. 50, the more 
elongated and flatter the particle shapes, 
the higher will be the percentage of voids 
in these different size fractions. A. T. 
Goldbeck (1)* described the method of 
test essentially as follows: 


“The method consists of sieving the sand 
into these three sizes and testing each frac- 
tion for its voids as follows: “The apparatus 
consists of a small cylinder 23 in. in diame- 
ter and 54 in. high; a truncated cone-shaped 
funnel having a large diameter of 5} in. and 
a small diameter of 1 in. is supported over 
the center of a cylinder so that the bottom 
of the funnel is 1 in. above the top of the cyl- 
inder. The sample is placed in the funnel 
and, after filling, the sand is allowed to flow 
freely into the cylinder to overflowing. With- 
out jarring, the excess is carefully struck off 
from the cylinder and the weight of the sand 
remaining is determined. The average of 
three determinations is used to calculate the 
voids.” 


Table V shows typical results of 
voids determined as described above. 

Certainly the evidence is clearly in 
favor of a low void content indicative of 
a cubical particle shape for producing 
good workability in concrete. It has been 
the suggestion by the National Crushed 
Stone Assn. that the void determination 
should not exceed 53 per cent in order 
to assure material of reasonably satis- 
factory particle shape. 

The Virginia Highway Department 
has a specification requirement for max- 
imum percentage of voids to control the 
shape of particle and uses essentially the 
above described method of test. The Ohio 
Highway Department controls shape of 
particle of stone sand by requiring that 
not more than a stated percentage of the 


3 The boldface numbers in parentheses refer 
to the list of references appended to this discus- 
sion, see p. 1142. 
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a TABLE V.—SHAPE OF PARTICLE (EXPRESSED AS PER CENT VOIDS). 


Average 
Nouba Preparation Gravity Concrete Workability 
Laboratory gyratory crusher 2.77 58.2 
Py Unprocessed screenings 2.83 56.5 Very poor 
Unprocessed screenings 2.98 54.3 Very poor 
Rod mill and ring mill 50.3 Excellent 
Hammer mill, no grates 50.9 Excellent 
ae Short head cone and rolls §1.7 Good 
Vertical ring roll 49.4 Excellent 
Commercial stone sand 2.72 | 51.2 
Commercial stone sand 2.71 52.2 
ete Commercial stone sand 2.73 51.7 


No. 8 to No. 16 material shall pass a 
slotted or oblong opening of specified 
dimensions. 

A great deal of work is represented by 
this paper to reconfirm what have been 
rather well established characteristics of 
fine aggregate for portland-cement mor- 
tar, namely, angular particles require 
more water for a given consistency than 
rounded particles. In 1938, Goldbeck 
(2) reported “‘the more angular the sand, 
the higher must be the water content for 
a given consistency. With the effect of 
gradation eliminated by holding it con- 
stant for all sands, the primary purpose 
is to study the effect of shape of particle 
on the properties of mortars.” 

The author’s test program was con- 
fined to mortar mixes made in accord- 
ance with ASTM Method C 87. How- 
ever, 1 by 1 by 11-in. non-air-entrained 
mortar bars were tested for durability by 
a freezing-and-thawing test. The author 
states “the three manufactured sands of 
standardized grading in the mortar-mak- 
ing test required more cement and water 
than natural sand to produce a given 
consistency, confirming that concrete 
made with it must be high in cement 
and consequently relatively expensive.” 
There are no data in this investigation 
to warrant a statement on the relative 
cost of concrete and, furthermore, the 
implication is not in accord with ex- 
perience. 


The relative concrete-making proper- 
ties of two fine aggregates should be 
determined by testing concrete made 
with normally graded materials as pro- 
duced in a given locality. The following 
data show the type of information ob- 
tained by making comparative concrete 
tests: 

PROJECT 49-13 


Coarse Aggregate................. 1-in. 1-in. 
Stone Stone 

Sand Sand 


Non-Air ENTRAINED STRUCTURAL CONCRETE 


Cement factor, sack per cu 


Water content, gal per cu 

Slump, in...... Le 4.75 4.25 
Compressive strength, 28- 

....{2130 2540 
Durability,? (cycles to fail- 


Arr ENTRAINED STRUCTURAL CONCRETE 


Cement factor, sack per cu 


Water content, gal per cu 

Compressive strength, 28- 

2020 2610 
Durability,* 80 cycles... ... no fail- | no fail- 

ure ure 


“In the slow freezing-and-thawing test, the 
non-air-entrained concrete exhibited mortar 
failure very rapidly. With air entrainment the 
stone sand fine aggregate was fully as durable 
as the natural sand when incorporated into con- 
crete. 
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It is indicated that concrete made 
with sound aggregates may be made 
durable with the use of entrained air 
and with no increase in cement factor. 
Concrete tests offer the most direct ap- 
proach to the evaluation of the concrete- 
making properties of stone sand. Other 
tests, such as those made on mortars, 
with artificially graded samples of sand 
and without the use of entrained air, 
may give wrong indications of the actual 
behavior and economic value of stone 
sand as it is used in concrete. 

Mr. J. G. Dempsey (author).—All ma- 
terials submitted, manufactured or other- 
wise, were materials in accepted use with 
one exception, which was not touched on. 
We were interested in getting samples 
with as wide a variation in their particle 
characteristics as we could. We were not 
particularly interested in whether they 
were manufactured or natural sands. The 
picture of the manufactured sand was 
somewhat distorted because I did not 
give you data on the two sands that 
came from the same source. 

These two sands came from the State 
of Maine. The natural sand had a shrink- 
age of 0.081 per cent; a durability factor 
of 99; and a strength of 4980 psi in 28 
days. The manufactured sand from the 
same quarry had 2.31 parts of sand, in- 
stead of 3, for a flow of 100 per cent. It 
had a shrinkage of 0.117 per cent; a dur- 
ability factor of 98, practically the same; 
and a strength of 4750 psi, in 28 days. I 
do not consider the difference of 200 Ib in 
that single test particularly significant. 
But the fact that the two sands from the 
same parental deposit showed a similar 
basic durability is of interest. 

I wish to emphasize that we were look- 
ing for widely varying kinds of sand and 
not necessarily sands representing one 
particular class or area. 

Mr. C. C. Connor‘ (presented in 
wrillen form).—Time has not been avail- 


‘Consulting Engineer, Verona, N. J. 
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able for a complete study of the author’s 
data, but there is no question about their 
importance. He mixed many different 
sands, all having a standard grading, 
with a constant amount of a standardized 
cement paste. The mortars were mixed 
to a flow of 100 + 5, and the properties 
of the mortars were thus dependent al- 
most entirely upon the characteristics of 
the sand other than grading. The varia- 
tion in values he obtained from the vari- 
ous mortars was truly astonishing. 

Compressive strength at 28 days var- 
ied from 3680 psi to 5930, and the sand- 
carrying capacity of the paste varied 
with the different sands from 2.21 parts 
by weight to 3.8 parts. The durability of 
the mortars under freezing-and-thawing 
tests varied from 46 up to 153, according 
to the author’s scale, and the total vol- 
ume change varied from 0.067 per cent 
to 0.177 per cent. There was a consider- 
able tendency for the poor values to 
scatter. Using a rather arbitrary scale, I 
would judge that 14 of the 33 mortars 
were unsatisfactory. Seven of these were 
unacceptable because of a single poor 
value. 

The variations were large and are im- 
portant to both concrete and masonry 
mortar. The reasons for these wide vari- 
ations should be established if possible, 
and limits established. The author has 
suggested limitations on the surface char- 
acteristics and the percentages of par- 
ticle shapes which appeared to be the 
more influential. These limitations are 
very helpful, but they permitted five 
sands to pass that I regard as undesirable 
and rejected four that were satisfactory. 

To better determine how the charac- 
teristics of the sand influenced the prop- 
erties of the mortar, I rearranged the 
author’s data to show the progressive 
changes in compressive strength, the 
carrying capacity of the paste for the 
various sands, the durability and the 
total volume change in the mortars. 


| 


There was no clear-cut evidence that 
any sand characteristics studied, or any 
obvious combination of those character- 
istics was responsible for the variation in 
compressive strength. With mortars hav- 
ing equal parts of sand by weight, there 
were some indications that strength in- 
creased with the roughness factor and 
decreased with an increase in the per- 
centage of particles with sharp edges; but 
the evidence was not conclusive. There 
were too many exceptions. 

The lack of any consistent relation be- 
tween the compressive strength of the 
mortars and the characteristics of the 
sand seemed to indicate one or more 
hidden factors. The geological origin of 
the sands was a possibility. It was as- 
sumed that the sands from each of the 
different Lockport yards were similar 
geologically and that those from Lacon 
were likewise similar. The sands from 
Maine were known to be from the same 
source. The sands from the same location 
produced mortars with much similar 
compressive strengths, except for sand 
No. 116 which dropped over 1400 psi 
below its companion sands. Sand No. 
116 was considerably higher in its per- 
centage of particles with sharp edges. 
There was a tendency for mortars with 
sands of a similar geological origin to 
vary more in durability and volume 
change than in compressive strength. It 
looked as though geological origin was 
not the only hidden factor. It should be 
noted that the use of parts of sand by 
weight tended to cover up the variation 
in parts of sand by volume. This might 
have had an effect. 

I would like to ask the author if my 
assumptions concerning the common 
geological origin of sands from the same 
locations have been correct. 

In regard to the effect of the studied 
characteristics of sand on the sand-carry- 
ing capacity of the standard paste, the 
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studying. 


indications were quite definite. Rough- 
ness seemed to be the major factor; but 
it required a combination of a roughness 
factor above 97, a total percentage of 
particles with sharp and broken edges 
over 40, and equant shapes below 75 per 
cent to increase the resistance of the 
sand to flow until, at the flow required, 
the paste could not carry as much as 
three parts by weight. The parts of sand 
by weight carried by the paste varied 
from 2.21 to 3.58 in the various mortars. 

Here, also, the use of parts of sand by 
weight clouded the picture considerably. 
It is not the weight of a sand that affects 
the flow of the mortar but rather the 
sand’s volume, the volume of its voids, 
and its other characteristics. 

The durability of the mortars in freez- 
ing-and-thawing tests varied from 46 up 
to 153 as measured by the author’s scale. 
There was a strong tendency for durabil- 
ity to be reduced by the same combina- 
tion of characteristics of sand that re- 
duced the carrying capacity of the paste. 
This combination consisted of a high 
roughness factor, a high total percentage 
for sharp and broken edges, and a low 
percentage of equant shapes. There were 
exceptions—too many to be comfortable. 
Geological origin probably affected dur- 
ability but did not seem to explain all 
the exceptions to this formula. The fact 
that one sand that produced mortar of 
low durability had been used in a big 
western dam emphasizes the need to 
determine the cause of the effect of sand 
on this property. 

The total volume change in the mor- 
tars covered a wide range, varying from 
0.067 to 0.177 per cent. This variation, 
caused entirely by the sand, is more than 
1 in. in 100 ft and is more than sufficient 
to explain the cracks that occur in the 
best of concrete. It may well have been 
a major cause of the cracks in basement 
concrete, which is a problem I am now 
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There was no combination of the sand 
characteristics the author studied that 
showed any reasonably consistent rela- 
tion to the total volume change. The 
values for volume change scattered with- 
out any obvious pattern. This condition 
strongly suggests one or more factors 
which are unknown or were not con- 
sidered. 

Geological origin of aggregate affects 
volume change, but there was consider- 
able variation in the total volume change 
of mortars with sands from similar loca- 
tions, indicating the influence of some 
factor other than geological origin. 

Porosity of the sand may have affected 
the volume change, but no information 
on porosity was presented. 

There is some reason to believe that 
the amount of paste in excess of the 
voids in the aggregate and the thickness 
and quality of the paste between parti- 
cles at their contact points affect shrink- 
age. I would like to suggest that, if pos- 
sible, the author translate his parts of 
sand by weight into parts by volume and 
calculate the volume of voids in the 
various sands. Then, with the solid vol- 
ume of the paste known, I suggest he 
calculate the excess of paste over the 
voids and recalculate the thickness of 
the slurry coatings on the particles on 
the basis that they came from the excess 
of paste over the voids. 

I question the author’s method of cal- 
culating the thickness of the slurry. I 
think it is more reasonable to assume 
that the thickness of the slurry coatings 
on the particles is a product of the paste 
remaining after the voids are filled, 
granting that there is sufficient paste to 
completely fill the voids and provide 
something more than a minimum coating 
for the particles. The thickness of the 
slurry coatings would be the excess of 
the solid volume of the paste over the 
voids in the aggregate divided by the 
total surface area of the particles. These 
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thicknesses would be considerably less 
than those given by the author. 

If the author could provide the addi- 
tional information indicated in my sug- 
gestions, I believe it would help greatly 
to illuminate this question of the influ- 
ence of sand characteristics on the prop- 
erties of mortar. I hope he has the neces- 
sary basic data and that this research 
can be carried forward. 

It would also help if tests were made 
and reported on Ottawa sand, graded in 
the same fashion as the other sands. 
This would serve as a much better point 
of reference. 

The author has made a most valuable 
contribution. He has approached the 
determination of the effects of the char- 
acteristics of sand on the properties of 
mortar from an unusual angle. His re- 
sults show that the characteristics other 
than grading exert a powerful influence 
on the properties of mortar. In 1953 I 
reported to this Society (3) on the effects 
of variations in the grading of sand on 
the workability of masonry mortar and 
their influence on the moistureproofness 
of masonry walls. Revised requirements 
for the grading of masonry sand based on 
sieve fractions were suggested at that 
time. Masonry sands passing those re- 
quirements have produced excellent re- 
sults in the field, and concrete designers 
have reported a considerable improve- 
ment in the quality of concrete where 
the concrete sands were selected by ap- 
plying the same basic theory. 

The author’s study now makes it en- 
tirely clear that the present ASTM ten- 
tative specifications for both masonry 
sand® and concrete sand® are hopelessly 
inadequate. More research work needs 
to be done. The studies of the author 

5 Tentative Specifications for Aggregate for 
Masonry Mortar (C 144-52 T), 1958 Book of 
ASTM Standards, Part 4. 

® Specifications for Concrete Aggregates 


(C 33 — 57), 1958 Book of ASTM Standards, 
Part 4. 
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and myself have indicated the general 
direction of that research. The further 
elimination of inconsistent and ofttimes 
unfortunate results in both concrete and 
masonry demand that such research be 
started as soon as possible. 

Mr. Dempsey.—The point that Mr. 
Connor made about the spread in the 
information and the lack of its correla- 
tion seems to be one of the curious char- 
acteristics of “mother nature” in her 
materials. We noticed it ourselves. 

In connection with the volumetric 
measure, I regret that we do not have 
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accompanying Table VI, including a 
rod mill sand made from 3 by }-in. pea 
gravel. The pea gravel is taken from the 
same deposit as the sand shown in Table 
VI as streambed sand. 

Our manufactured sand behaved very 
well. The main fault was with finishing. 
There is a harshness in rod mill mortars 
not detected by consistency tests but 
quickly observed by the finishers. Ce- 
ment requirements vary with gradings 
as do strengths. Our studies indicate 
there is a “just right” grading for each 
sand. Our rod mill sand was considered 


TABLE VI.—MORTAR TEST DATA—ROD MILL SAND MORTARS COMPARED 
TO NATURAL SAND MORTARS AT COMMON SLUMPS. 


Water- Per Cent 
Sands ialen, Cement Proportion Standard Cracking Pattern 
Ratio Ottawa 

3.0 0.60 1 to 3.15 150 
2.80 0.60 1 to 2.93 169 Many small cracks 
2.60 0.60 1 to 2.79 164 
Stream bed............. 3.0 0.60 1 to 3.34 145 Large and small cracks 
ere 2.80 0.60 1 to 3.25 143 a 
2.60 0.60 1 to 3.03 139 
3.0 0.60 1 to 3.20 137 Few small cracks 
2.80 0.60 1 to 3.00 137 
2.60 | 0.60 | 1 to 3.13 | 135 
3.00 0.60 1 to 3.70 159 
2.80 0.60 1 to 4.00 
2.60 0.60 1 to 3.62 142 


data to convert to volume along the 
lines suggested. 

In regard to the sands around Lacon 
and Lockport, we know that they came 
from similar geologic formations in each 
case. There were three competing ready- 
mix organizations from which we got our 
samples. We knew where their quarries 
were. 

Mr. E. L. Howarp’ (by letler).— 
Tests we have made of sands have been 
to measure strength, workability, finish- 
ing and cracking pattern of portland- 
cement mortars. The sands tested were 
from ten deposits in northern California. 
Some of the test data are detailed in the 


7 Chief Testing Engineer, Pacific Cement and 
Aggregates, Inc., San Francisco, Calif. 
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best at a 2.80 fineness modulus even 
though the greater cement economy was 
at 3.0 to 3.2 fineness modulus. 

Perhaps the author’s manufactured 
sand would have fared better at another 
grading. 

The beach sand has a smooth, high 
polished surface and yields high-strength 
concrete at good cement economy. Our 
experience with the smooth surfaced 
sands quite agrees with the author’s. 

The tendency to crack does not seem 
to be related to surface shape or area. 
But, our tests did not follow up this most 
important problem. We had hoped the 
author would shed some light in this 
direction. 

The author has opened the way for 
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more extensive study of sand and the 
part it plays in concrete mortars. 

Mr. Joun G. Dempsey (author’s 
closure)—As Mr. Connor noted in his 
discussion, there remains much still to 
be learned as to the essential qualities of 
a good fine aggregate. 

It is unfortunate that volumetric data 
on the samples as used is not available. 
However, the reported method of com- 
puting cement-and-water slurry, which is 
based on the assumption that it fills the 
voids of a sample in addition to coating 
sand surfaces gives a relatively good 
measure of its effective thickness. This 
is evidenced by a comparative examina- 
tion of the reported volume changes and 
slurry thicknesses. 

The author does not agree with Mr. 
Connor that present specifications are 
“hopelessly inadequate;” rather that 
what is indicated is that much more 
investigation of the band of specification 
tolerance insuring good behavior, as well 
as further inquiry into the effects of 
other variables than grading is what is 
indicated. 

A valuable addition to the technique 
of the situation would undoubtedly be 
the Goldbeck test for voids suggested by 
Mr. Gray. The value of a microscope in 
such a research should also be apparent 
when the extent of variation of equally 
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graded sands mixed in slurries of con- 
stant water-cement ratio is considered. 

Was the author’s suggestion warranted 
that the samples of manufactured sands 
were likely to make more costly mixes? 
Many generalized tabulations and the 
opinion of some experienced construction 
authorities answer in the affirmative. 
The reason usually given is that the 
interlocking of the particles of manufac- 
tured sand is usually such that more sand 
is required in a given mix, and also more 
water per unit of sand to produce a 
suitable plasticity. Water-cement ratio 
for a specified strength then demands 
more cement to go with the additional 
water; hence greater unit cost for the 
mixture. 

In Mr. Gray’s table for Project 49-13 
there is an illuminating note that em- 
phasizes the value of air-entrainment to 
preserve durability. Air was not added 
in the investigation under discussion, 
since the particle characteristics them- 
selves were the focal point of the pro- 
gram. The lack of entrained air in some 
of these samples undoubtedly accounts 
for their inferior behavior. 

In conclusion, the author expresses his 
thanks to the various discussers and 
hopes that others will undertake to 
answer, by further research, some of the 
uncertainties still remaining. 


(1) A. T. Goldbeck, “Stone Sand for Use as Properties of Stone Sand,” The Crushed 


Fine Aggregate,” The Crushed Stone Journal, 
June 1951. 


(2) A. T. Goldbeck, “A Study of the Effect of 
Shape of Particle on the Mortar Making 
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Stone Journal, June 1951. 

(3) C. C. Connor, “Some Effects of the Grading 
of Sand on Masonry Mortar,” Proceedings, 
Am. Soc. Testing Mats., Vol. 53, p. 933 
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FLEXURAL AND COMPRESSIVE STRENGTH PROPERTIES OF 

AIR-ENTRAINED CONCRETE WITH AIR-COOLED 

BLAST-FURNACE SLAG AGGREGATE* 


By D. W. Lewis! FRED HuBBARD! 


a4 
SYNOPSIS 


Previous published reports of investigations of air-cooled slag concrete have 
been confined to the use of non-airentraining cements. This study was under- 
taken to provide data on flexural and compressive strengths of air-entrained 
concretes made with blast-furnace slag. The coarse aggregates were from eight 
sources having different physical properties. One source having average physi- 
cal characteristics was selected as the “standard” with which the other slags are 
compared in six-bag mixes made with a blend of three air-entraining cements. 
All mixes were repeated on three different mixing days, and strength tests were 
conducted in accordance with ASTM methods? at ages of 7, 14, 28, and 90 days 
and 1 yr. 

Additional variables of aggregate size, cement content, curing condition and 
use of portland blast-furnace slag cement were studied on mixes with the con- 
trol or standard aggregate. 

The results show no consistent correlation of strength with physical proper- 
ties of the slag aggregates such as unit weight and abrasion loss. With constant 
cement content, the variations in aggregate size from } to 2 in. produced 


essentially the same strengths. The 3-in. aggregate concrete had lower strength. 
Changes in cement content from 4 - 8 sacks per cu yd produced greater effects 
on the compressive strength than on the flexural strengths. Rate of strength 


gain after seven days was greater in compression than in flexure, and the 
compression test is indicated to be the more reproducible. 
Moist room and water-immersion curing produced equivalent strengths, but 
” exposure to laboratory air after 24 hr moist curing caused significant strength 
changes. Although lower in strength at early ages, the portland blast- furnace 
slag cement was equal to the portland blend after 28 days curing. — a 


* Presented at the Sixty-first Annual Meeting of the Society, June 22-27, 1958. 
1 Chief Engineer and Director of Research, respectively, National Slag Assn., Washington, D. C. 
2 Method of Test for Flexural Strength of Concrete (Using Simple Beam with Third-Point 
Loading) (C 78 — 57); Tentative Method of Test for Compressive Strength of Molded Concrete 
Cylinders (C 39-56 T), 1958 Book of ASTM Standards, Part 4. 
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Comprehensive investigations of the 
strength properties of air-cooled blast- 
furnace slag concretes have been re- 
ported by Hubbard (1)* and Hubbard 
and Williams (2). These studies com- 
pared the physical properties of the 
aggregates with compressive and flexural 
strengths of the concretes made with 
type I cement. No significant relation- 
ships were found between the aggregate 
and concrete properties, using slags 
representing the entire range of physical 
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Despite the range in unit weights of 
the slag aggregates from 72.4 to 87.0 lb 
per cu ft, the strength results were quite 
consistent. The maximum variation from 
the average for all aggregates was 6 per 
cent in compression and 9 per cent in 
flexure. No consistent relationship of 
strength to unit weight or abrasion loss 
is indicated. 

The test results, however, were based 
upon single mixes for each slag aggregate 
and represent only five sources (three 


properties to be found with this type of 
aggregate. 

A need éxisted for additional informa- 
tion, which would include test results 
with type I-A cements, since air-entrain- 
ment is used in the great bulk of present- 
day concrete. A limited test series was 
undertaken in the National Slag Assn. 
Research Laboratory in 1955, using slag 
aggregates from five sources, a single 
source of sand, and an air-entraining 
cement. The 28-day strengths of these 
concretes are shown in Table I for the 
three levels of cement content used. 


* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


TABLE I.—SUMMARY OF 28-DAY CONCRETE STRENGTHS FROM PRELIMINARY 
TEST SERIES WITH BLAST FURNACE SLAG AGGREGATES. 
: Each strength value shown is the average of three tests. 
Compressive Strength, psi Flexural Strength, psi 
Slag Coarse Aggregate 
a a Cement, sacks per cu yd Cement, sacks per cu yd 
Unit Weight, Abrasion 
per cu ft Loss, 5 6 7 5 6 7 
per cent 
37.7 4550 5630 6160 585 640 680 
26.9 4180 5210 6160 565 665 
33.7 4650 5190 6180 655 630 | 
GS. cc MS 4160 5220 5760 580 705 730° 
34.1 4350 5550 6370 625 690 775 
4650 5630 6370 655 705 775 
4160 | 5190 5760 | 565 630 655 


specimens, all from the same batch for 
each test). A more comprehensive test 
series, to include additional aggregate 
sources representing a wider range of 
weight and abrasion and with mixes run 
in triplicate was felt to be desirable. 
Accordingly, the test series reported in 
this paper were undertaken. 
SCOPE 

The major portion of the study con- 
sisted of a comparison of the flexural 
and compressive strength properties of 
concrete made with type I-A cement and 
with slag aggregate from eight commer- 
cial sources (mix Nos. 1-8). These slags 
covered the entire range of unit weights 


{ 


e 


f 


and abrasion losses ordinarily encoun- 
tered. Each mix was repeated on three 
different days, with strength tests con- 
ducted at ages of 7, 14, 28, 90 days and 
1 yr. Three compression and five flexu- 
ral tests were run at each age to repre- 
sent the three replications of a given 
mix. A cement content of 6 sacks per 
cu yd, 1}-in. maximum size aggregate, 
and a 2-in. slump were used throughout 
these mixes. 


___TABLE II. —C HEMIC AL AND PHYSICAL PROPERTIES OF CEMENTS. 
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Cement Content and Cement Type.— 
The type I-A cement was used in com- 
pressive and flexural strength and dura- 
bility tests (freezing-and-thawing) on 
4-, 5-, 6-, 7-, and 8-sack mixes (mix Nos. 
5, 9 to 12). Strength tests were run on a 
6-sack mix made with type IS-A cement 
(mix No. 13). 

Aggregate Size. —Slag No. 5 was used 
with maximum sizes of 2-, 13-, 3- and 
-in. in 6-sack mixes for ‘both flexural 


Type I-A Type IS-A 
Source 
( Chemical analyses 
Autoclave expansion, per cent........... 0.061 0.060 0.035 
Specific surface area, sq cm per g........ 1725 1729 1900 
Air (in mortar), per cent.............. 17.1 17.9 18.6 
Initial setting time, hr-min............. 1-30 1-28 1-25 
Final setting time, hr-min.............. 5-18 5-13 5-3 
Compressive strength (mortar cubes), psi 
Passing No. 325 sieve, per cent.......... 84.2 97.0 


One of the slag coarse aggregates (No. 
5), having approximately average physi- 
cal characteristics, was selected as a 
“standard” material, and a mix was 
made with it on each mixing day. This 
“standard” mix was used as the basis 
for comparison of results in many cases, 
particularly for the investigations of 
other variables outlined below. 

In addition to the major variable of 
source of slag aggregate, limited test 
series were conducted (all with slag No. 
5) to determine the effect of the follow- 


ing: 


and compressive 
Nos. 5, 14 to 16). 

Type of Curing.—The standard 6-sack 
mix with slag No. 5 was tested for 
strength properties with three types of 
curing—standard moist room, immersion 
in lime water, and exposure to labora- 
tory air after removal from the molds 
(mix Nos. 5, 17, 18). 


strength tests (mix 


MATERIALS 


The materials used throughout the 
investigation were representative of 
currently produced 
as described below. 
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Cement: 


Type I-A cement was ania by 
blending, in equal proportions, three 
locally available cements of this type. 
The type IS-A cement was from a single 


TABLE III.—PROPERT 


Puysicat 


HuBBARD 


given in Table III. The slags ranged in 
unit weight (dry rodded basis) from 71.2 
to 88.0 lb per cu ft, and from 29.4 to 
48.9 per cent in Los Angeles abrasion 
loss. The abrasion loss of 48.9 per cent 


IES OF AGGREGATES. 


"ROPE RTIES 


Blast-Furnace Slag Coarse Aggregates 
ees 1 | 2 | 3 4 | 5 6 7 | | 
j | | | 
Weight, lb per cu ft (dry-rodded basis)*. |71.2 |73.8 |74.2 |81.0 |82.8 |86.6 |87.6 |88.0 |111.0 
24 hr absorption, per cent.............. 3.9 | 3.3 | 3.0 | 3.0 $$ 143132712 2.0 
Dry bulk specific gravity............. 2.21) 2.13) 2.25) 2.26) 2.29) 2.39) 2.42) 2.40) 2.57 
Voids, compact, per cent...... 48.3 |44.5 |47.2 |42.5 |42.1 |42.0 |42.0 41.2 | 30.8 
Los Anke sles abrasion loss, per cent (A | | 
NazSO, soundness loss, per cent (5 cycles) . | ; | 6.6 
GRADINGS 
é Total Per Cent Passing 
Sieve Size 
5 Blast-Furnace Slag Coarse Aggregate Sand 
Fineness modulus................... 7.43 7.87 6.67 6.08 2.69 


@ Unit weights based on 1!9-in. maximum size 
’ These gradings used only with slag No. 5 ir 
of coarse aggregate. 


grading shown. 
1 test series to determine effect of maximum size 


Nore.—For designation of ASTM tests used see footnote 4. 


source. Chemical and physical charac- 
teristics of these cements are shown in 
Table IT. 


Coarse Aggregate—Blast-Furnace Slag: 


The eight slag aggregates tested were 
commercially produced aggregates, 
lected to provide a wide range in unit 
weight and abrasion loss. Physical 
are 


se- 


characteristics of these materials 


is unusually high for slag. This material, 
from a small, one-furnace operation, was 
included to determine the effect of ab- 
normally high abrasion loss on concrete 
strengths. 


Fine Aggregate—Natural Sand: 


A locally available concrete sand was 
used throughout all mixes to avoid any 
variations from the fine aggregate charac- 


- 


: 
= 
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teristics. The sand used was of good 
quality, as shown by the physical charac- 
teristics in Table III. 


Test PROCEDURES 


‘ 
All of the materials were obtained in 
sufficient quantities to insure an ade- 
quate supply for the entire study. Stand- 
ard ASTM procedures were followed in 
tests on the materials. Concrete mixes 
were proportioned to provide a constant 
dry-rodded volume of coarse aggregate 
per unit volume of concrete, b/bo, of 
().76 for 2-in. aggregate, 0.73 for 1}-in., 
0.62 for 2-in., and 0.43 for 3-in. material. 
The water-cement ratio was permitted 
to vary as necessary to provide a con- 
stant slump of approximately 2 in. 
Mixing: 

The aggregates were used in the exist- 
ing moisture condition, with quantities 
adjusted for the actual moisture con- 
tents. Mixing was done in a Lancaster 
tub-type mixer, with 4.5 cu ft of concrete 
per batch. The aggregates were placed 
in the mixer with part of the mixing 
water (approximately one half) and the 
mixer revolved several turns. It was 
then stopped for 5 min to allow absorp- 
tion by the aggregates to take place. 

The cement was then added and the 
remainder of the water added while 
mixing was continued. After approxi- 
mately 4 min of additional mixing, the 
slump, yield, Kelly-ball penetration, and 
air content determinations were made 
using standard procedures. Air content 

4 Tentative Method of Test for Unit Weight 
of Aggregate (C 29 — 55 T); Method of Test for 
Specific Gravity and Absorption of Coarse 
Aggregate (C 127-42); Methods of Test for 
Specific Gravity and Absorption of Fine Aggre- 
gate (C 128 — 57); Method of Test for Voids in 
Aggregate for Concrete (C 30 — 37); Method of 
Test for Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine (C 181 — 55); Tenta 
tive Method of Test for Soundness of Aggregates 
by Use of Sodium Sulfate or Magnesium Sulfate 
(C 88 — 56 T); Method of Test for Sieve Analy- 
sis of Fine and Coarse Aggregates (C 136 — 46); 
1958 Book of ASTM Standards, Part 4. 


Standards, Part 4. 
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was determined by the volume method, 
ASTM Tentative Method C 173-55 T.5 


Molding and Curing: 


All specimens were molded in accord- 
ance with standard ASTM procedures, 
with five 6 by 12-in. cylinders*® and three 
6 by 6 by 40-in. beams made from each 
batch. Three such batches were used for 
each mix composition tested. For freez- 
ing-and-thawing tests two 3 by 4 by 
16-in. beams were molded from the 
batches that were to be included in this 
part of the study. 

Specimens were covered with wet 
burlap for 24 hr, followed by removal 
from the molds. Moist-cured specimens 
were placed in a moist room at 72 + 1F 
and approximately 100 per cent relative 
humidity until tested. Specimens to be 
water cured were immersed in a tank of 
lime water in the moist room. Dry curing 
was accomplished by exposure to labora- 
tory air at approximately 72 F, but 
without humidity control, following 
removal from the molds. 


Strength Tests: 


Compression tests were run in a 
Tinius-Olsen hydraulic machine and 
flexure tests in a Rainhart hydraulic 
beam breaker using third-point loading 
on an 18-in. span. ASTM procedures 
were followed.’ 


Freezing-and-Thawing Tests: 


Specimens for freezing-and-thawing 
tests were moist cured until 26 days old 
and then immersed in water for 48 hr 
prior to the first cycle of freezing. A 
Conrad automatic freeze-thaw chamber 


5 Tentative Method of Test for Air Content 
of Freshly Mixed Concrete by the Volumetric 
Method (C 173-55 T), 1958 Book of ASTM 
Standards, Part 4. 

® Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the 
Laboratory (C 192 — 57), 1958 Book of ASTM 
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TABLE IV.—MIX PROPORTIONS AND PROPERTIES 


HARDENED CONCRETE. 


OF FRESH AND 


cu yd, Consistency Hardened 
Net Weight Air 
Mix | Water, | ‘ib per Con- | Oven | 26 br 
Ss Maxi-| ¢,_ |Coarse| Fine | gal ak el tent, A 
un-| | ment, Slump} Ball, |" 
ber sacks ib in. 
1 114 | 5.95) 1393] 1346] 5.8 | 135.0) 2.1 | 1.2] 4.9 | 125.5] 7.3 
2 146 | 5.95) 1443) 1222) 5.2 131.2} 2.0] 1.0] 4.6 125.6; 6.0 
3 1% | 5.97] 1454] 1295) 5.8 | 135.3) 2.2] 1.2 4.3 126.9} 6.9 
4 114 6.05) 1610) 1193) 5.7 137.6) 2.0 | 1.3 4.5 129.6) 6.6 
SS Saree 5 1144 | 6.00) 1631) 1159) 5.3 135.9) 2.0 | 1.1 4.1 129.7| 6.1 
6 1% | 5.92) 1684) 1138) 5.1 136.1] 2.1 | 1.1 4.7 129.8) 6.4 
7 14% | 6.02) 1731) 1157] 5.2 139.3) 2.0 | 1.1 4.5 132.9) 6.3 
x 8 144 | 6.03] 1746) 1140) 5.0 | 138.9) 2.0] 1.2 | 4.4 | 133.8] 5.8 
5 144 | 4.05) 1651) 1304) 7.4 134.9} 1.9 | 0.9 4.9 127.2} 6.9 
5 144 | 5.01] 1636) 1235) 6.4 | 135.6) 2.0 | 1.0] 4.3 | 128.5] 6.7 
ON eee 5 116 | 6.93) 1616) 1089} 4.8 136.5) 2.0 | 1.1 4.0 129.3) 6.3 
5 1144 | 7.81) 1595) 1014) 4.5 136.4) 2.1 | 1.2 3.8 128.9) 6.4 
5 144 | 5.91) 1609) 1134) 5.4 134.0) 2.0 | 0.9 5.1 128.0) 6.3 
SS aa 5 2 5.98) 1669) 1131) 5.2 136.1) 2.2 | 0.9 4.1 128.3) 6.4 
 ) ae 5 34 | 6.10) 1341| 1452) 5.8 137.6) 2.1 | 1.6 4.4 129.5) 6.8 
eee ee 5 36 6.10} 929) 1738) 6.4 134.2) 2.7 | 2.2 6.1 124.6) 8.1 
5 114 | 5.99] 1629] 1154) 5.2 | 135.2) 2.0] 1.0] 4.4 | 128.6] 6.3 
5 116 | 5.99 1629) 1154) 5.1 | 135.4) 2.1 | 0.9] 4.5 | 129.5) 6.8 


» ® Portland blast-furnace slag-cement used. 
> Curing by immersion in lime water. 
© Dry curing exposure to laboratory air. 
Values given are the averages for three repetitions of each mix except in the case of mix No. 


5 which was repeated 


TABLE V 


18 times. 


.-—EFFECT OF SLAG COARSE AGGREGATE ON STRENGTH OF 


CONCRETF., 


(Type I-A cement in 6-sack mixes with 1!4-in. aggregate, moist cured. Strengths shown are averages 
for three compression and five flexure tests except for mix No. 5 where 18 compression 
and 30 flexure tests were conducted at each age.) 


Compressive Strength, psi 


Flexural Strength, psi 


Coarse Aggregate 

gate | Loss 

SS, 
Number per cent 
No. 1.. 1 71.2 | 29.4 

2 73.8 | 36.6 
Gee 3 74.2 | 35.0 

ON ere 4 81.0 | 48.9 

5 82.8 | 33.0 
are 6 86.6 | 43.0 

7 87.6 | 33.8 

8 |°88.0 | 30.4 
Maximum strength............... 
Minimum strength............... 
Average strength, psi............. 


7 4 
days | days 


3950} 4530 
4350| 5350 
4040} 4920 
4390| 5240 
4320| 5120 
3750! 4700) 
4120) 5240 
4190, 5050 
4390, 5350 
3750) 4530 
4140, 5020 


28 
days 


5110 
6000 
5610 
6010 
5830! 6580 
5620! 6140 
5760) 6760 
5880) 6630, 


5740 
6730 
5860 
6380 


6010 6760 
5110, 5740 
5730) 6350) 


1 7 14 | 28 | 90 1 
yr | days | days | days | days| yr 
6170) 535 | 620 | 645 | 675 | 790 
7100, 575 | 660 | 665 | 690 | 725 
6380, 560 | 590 | 645 | 665 | 715 
7170) 565 | 635 | 635 | 605 | 710 
6980) 540 | 615 | 640 | 665 | 710 
6500) 495 | 580 | 605 | 665 | 690 
7170| 560 | 635 | 680 | 735 | 7 
7030) 590 | 670 | 660 | 725 | 7 
7170 590 | 670 | 680 | 735 | 790 
6170, 495 | 580 | 605 | 605 | 690 
6610) 550 625 | 645 | 680 | 730 
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was used for the tests, operating on a 
2-hr cycle. Freezing in air to 0 F and 
thawing in water to 40 F were each 
accomplished in about 1 hr. These 
procedures follow the requirements of 
ASTM Tentative Method C 291 — 57 T.’ 
Effect of the freezing and thawing was 
determined by the dynamic modulus of 
elasticity test, ASTM Tentative Method 
C 215-55 


DISCUSSION OF DATA 


- Data on the mix proportions used in 
the study and the characteristics of both 
the fresh and hardened concretes are 
shown in Table IV. Average values for 
three repetitions of the mixes are given, 
except in the case of the standard mix 
(No. 5) which was repeated on 18 differ- 
ent mixing days. The individual mix 
repetitions were very close to the average 
values reported in all cases. Cement 
contents varied but slightly, deviating 
from the design value by less than 0.1 
sack per cu yd in all mixes except No. 12. 
In this case the actual cement content 
was 7.8 sacks instead of the design figure 
of 8.0 sacks. 

Consistency of the concrete mixes was 
quite uniform, with Kelly-ball penetra- 
tion averaging 53 per cent of the slump 
measured in inches for the 1}-in. aggre- 
gate. This varied with aggregate size, 
being 41 per cent for 2-in. aggregate, 76 
per cent for ?-in. and 82 per cent with 
g-in. aggregate. These data indicate 
a straight-line relationship between the 
ratio of Kelly-ball penetration to slump 
and the maximum size of aggregate in 
inches. 


7 Tentative Method of Test for Resistance of 
Concrete Specimens to Rapid Freezing in Air 
and Thawing in Water (C 291-57 T), 1958 
Book of ASTM Standards, Part 4. 

8 Tentative Method of Test for Fundamental 
Transverse, Longitudinal, and Torsional Fre- 
quencies of Concrete Specimens (C 215 — 55 T), 
1958 Book of ASTM Standards, Part 4. 
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Relationship of Concrete Strength to Phys- 
ical Properties of Slag Aggregate: 


Compressive and flexural strengths of 
the concretes made with each of the slag 
coarse aggregates are given in Table V. 
All of the mixes represented here were 
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Fic. 1.—Relationship of 28-day Strength to 
Physical Properties of Slag Aggregates (based 
on data shown in Table V). 


made with 1}-in. maximum size aggre- 
gate and the blend of type I-A cements 
and were cured in the moist room until 
time of test. 

Although the slag aggregates vary 
from 71.2 to 88.0 lb per cu ft in unit 
weight and from 29.4 to 48.9 per cent 
Los Angeles abrasion loss, concrete 
strengths were quite consistent. In only 
two cases did the strength of any mix 
differ more than 10 per cent from the 
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average of all mixes. These were the 
28-day compressive strength of mix 1 
and the 90-day flexural strength of mix 4, 
both of which are 11 per cent below the 
average for all mixes. 

To illustrate the relationship of 
strength to the physical properties of 


Lewis AND HUBBARD 


in both 


strengths and 


compression 
flexure, while the highest compressive 
strength of all was obtained with an 
average weight slag having an abrasion 
loss of nearly 49 per cent. 

The results of these tests confirm the 
findings of previous research work (1, 2), 


TABLE VI.—EFFECT OF CEMENT CONTENT AND CEMENT TYPE ON 
STRENGTH OF SLAG CONCRETE. 
(Slag No. 5 used in 114-in. maximum size, all mixes moist cured. Strengths shown are averages for 
three compression and five flexure tests except mix No. 5 where 18 compression and 
30 flexure tests were conducted at each age.) 


Cement Compressive Strength, psi Flexural Strength, psi 
as Type - 7 14 28 90 1 7 14 | 28 | 90 1 
‘a cu yd days days days days yr days | days | days | days yr 
OS ae LA 4.0 | 2280 | 3080 | 3780 | 4070 | 4750 | 420 | 480 | 560 | 540 | 615 
= Sere I-A 5.0 | 3270 | 4160 | 5120 | 5310 | 5930 | 545 | 575 | 560 | 625 | 635 
OS a LA 6.0 | 4320 | 5120 | 5830 | 6580 | 6980 | 540 | 615 | 640 | 665 | 710 
: | ee I-A 6.9 | 4800 | 5550 | 6540 | 6990 | 7470 | 635 | 655 | 690 | 755 | 785 
2. ae I-A 7.8 | 5540 | 6510 | 6960 | 7450 | 7920 | 595 | 740 | 715 | 785 | 805 
No. 13.. IS-A 5.9 | 3650 | 4820 | 5770 | 6600 | 7040 | 525 | 575 | 625 | 720 | 770 


TABLE VII.—VARIATION IN RELATIVE STRENGTHS WITH DIFFERENT CEMENTS 
AND CEMENT CONTENTS. 
All mixes made with slag No. 5, 1'4-in. maximum size. Values calculated from data in Table VI. 


Cement Relative Strength, per cent of standard mix 
Sacks Compression Flexure 
Type per 

cuyd | 7 days |14 days |28 days |90 days| 1yr | 7 days | 14 days| 28 days| 90 days| 1 yr 
ae 4.0 53 60 65 62 | 68 78 78 88 81 86 
er 5.0 76 81 88 81 85 101 88 88 94 89 
AAS pce 6.0 100 100 100 100 100 100 100 100 100 100 
I-A.. 6.9 lll 108 112 106 107 117 106 108 114 110 
7.8 128 127 120 113 113 110 120 112 118 113 
ee ere 5.9 84 94 99 100 101 97 94 98 108 108 
the aggregate, the 28-day relative showing that neither unit weight nor 


strengths (as percentages of the average 
for all mixes) are plotted against unit 
weight and abrasion loss of the aggre- 
gates in Fig. 1. The data show no con- 
sistent variation of strength with either 
of these physical properties. The lightest 
slag had the lowest compressive strength 
but had average flexural strength. The 
next lightest slag had higher than average 


abrasion resistance of blast-furnace 
slags can be used to indicate strengths 
of concrete made with them. With 


average 28-day strengths of 5730 and 
645 psi in compression and flexure, 
respectively, it seems doubtful that there 
is any practical significance to any 
strength differences obtained in this 
phase of the study. 


* 


Effect of Cement Content and Cement 

Type: 

The results of tests with varying con- 
tents of type I-A cement and with the 
IS-A cement are shown in Table VI. 
Slag-aggregate No. 5 in the 1}-in. maxi- 
mum size was used in these mixes, which 
were cured in the moist room. To facili- 
tate comparison of these mixes, relative 
strength values were computed, using 
the standard 6-sack mix (mix No. 5) as 
the basis for comparison (100 per cent 
value). These values are tabulated in 
Table VII. 
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the maximum range in flexure being 
from 78 to 120 per cent of the strength 
of the standard 6-sack mix. The flexural 
strength is obviously less sensitive to 
changes in the cement content than is 
compressive strength, and this is particu- 
larly evident for decreases below the 
6-sack per cu yd level. 

The mix made with type IS-A cement 
(No. 13) showed lower compressive 
strengths at 7 and 14 days than did the 
comparable mix with type I-A cement 
(No. 5). At all later ages the strengths 
were practically identical. In flexure, 


TABLE VIII.—EFFECT OF AGGREGATE SIZE AND CURING METHOD ON STRENGTH 
OF SLAG CONCRETE. 
(6-sack mixes made with slag No. 5, type I-A cement. Strengths shown are averages for three com- 
pression and five flexure tests except for mix No. 5 where 18 compression and 30 flexure 


tests were conducted.) 


Maxi- Compressive strength, psi Flexural strength, psi 
mum 
| Agere- 7 | 28 | 1 7 | | 2 | | 1 
\gate, in.| days | days days days | yr days | days | days | days | yr 
— | | | | | | 
No. 14 2 Moist | 4350 | 5270 | 5620 | 6180 | 6490 | 570 | 625 | 615 | 715 | 735 
OS Pe 1's Moist | 4320 5120 | 5830 | 6580 6980 | 540 | 615 | 640 | 665 | 710 
| eee 34 Moist | 4120 | 5060 | 5620 | 6260 | 7120 | 550 | 610 | 650 | 725 | 745 
No. 16 36 Moist 2750 | 3600 | 4320 | 4920 5430 505 | 560 | 565 | 660 | 620 
No. 17 1'g Water | 4240 | 5230 | 5890 | 6300 | 7100 | 575 | 635 | 655 | 705 | 725 
9 3920 5050 | 440 | 445 635 | 675 


Air 4620 


Variation in the cement content from 
4.0 to 7.8 sacks per cu yd produced com- 
pressive strengths at 7 days ranging 
from 53 to 128 per cent of 6-sack mix 
strengths. This range decreased with 
age, however, being only 65 to 120 per 
cent at 28 days and 68 to 113 per cent 
after 1 yr of curing. The change in com- 
pressive strength from variation in 
cement content is therefore dependent 
upon the age at the time of test, with 
the least effect shown at later ages. 

The relative flexural strength values 
are somewhat erratic but exhibit the 
same general trend as found for the com- 
pressive strength. However, the most 
apparent factor is the smaller range of 
values in flexure than in compression, 


5090 | 5210 


420 


slightly higher strengths were obtained 
with the type IS-A cement at 90 days 
and 1 yr. 


Effect of Aggregate Size and Method of 
Curing: 


Test results for the series to determine 
the effects of variations in size of the 
coarse aggregate and the effect of the 
curing method are given in Table VIII. 
Figure 2 shows, in graphical form, the 
relative strengths for the various maxi- 
mum sizes of slag aggregate, using the 
standard mix (No. 5) with 1}-in. slag 
as the basis for the comparison. For both 
compression and flexure, strengths ob- 
tained with either 2- or ?-in. aggregate 
(mix Nos. 14 and 15) were very close 
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_ Fic. 2.—Effect of Maximum Size of Slag Aggregate on Strength (based on data in Table VIII, 
with mix No. 5 made with 11% in. aggregate used as 100 per cent for comparison). 
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Fic. 3.—Effect of Curing Condition on Relative Strength of Six-Sack Mixes (based on data in 
Table VIII with moist-room curing, mix No. 5, taken as the 100 per cent value for comparisons). 


to the 100 per cent line representing the (mix No. 16) reduced the compressive 
1}-in. size. No significant differences are strengths to 64 per cent of the standard 
indicated for these three sizes. At con- value at 7 days and 78 per cent at 1 yr. 
stant cement content (6 sacks per cu A gradual increase of relative strength 
use of 3-in. aggregate is with time. 
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TABLE IX.—RESULTS OF FREEZING- 

AND-THAWING TESTS. 

Concrete contained slag No. 5, 1'9-in. maximum 
size and type I-A cement. 


Dynamic 
hie Water Modulus, E, 

tout Cement | after 303 cycles 

| .| gal per awing,® per 

a gy per cent sack | cent of original 
| y value 
No. 9....| 4.0 | 4.9 | 7.4 101 
No. 10....| 5.0 4.3 6.4 101 
Ne. §....| 6.0 4.1 5.3 97 
No. 11....| 6.9 4.0 4.8 100 
No. 12 7.8 3.8 4.5 99 


“ Freezing in air at OF; thawing at 40 F in 
water. Each mix represented by two 3 by 4 by 
16-in. beams. 
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molds produced a steadily decreasing 
relative compressive strength value, 
ranging from 91 per cent at 7 days to 72 
per cent after 1 yr. Relative flexural 
strength decreased with drying time to 
a minimum value of 66 per cent at 28 
days. The 90 day and 1-yr values, how- 
ever, were 95 per cent of the standard. 
This indicates little effect of curing con- 
dition on flexural strength at later ages. 


Durability Tests: 


Freezing-and-thawing test results on 
concretes made with 1}-in. maximum 
size slag aggregate and varying contents 


Fic. 
gates (based on data in Table V). 


Reduction in flexural strength was much 
less pronounced, with the relative values 
for the 3-in. material ranging from 87 
to 99 per cent at various ages. 
Differences in curing method plotted 
in Fig. 3 likewise show differing effects 
on compressive and flexural strengths. 
Moist-room curing (the basis of com- 
parison or 100 per cent level in the graph) 
and curing by immersion in water are 
shown to be essentially equal. Drying in 
laboratory air after removal from the 
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Age in Days (Log Scale) 
4.—Rate of Strength Gain, Average ‘or Six-Sack Mixes With Eight So: rces of Slag Aggre- 


of type I-A cement are shown in Table 
IX. These tests show no significant 
change in the dynamic modulus of elas- 
ticity for any of the mixes, varying from 
4.0 to 7.8 sacks of cement per cu yd, 
when subjected to 303 cycles of freezing 
in air and thawing in water. 

Rate of Strength Gain and Reproducibil- 

ity of Test Results: 


Throughout the data presented, it is 
evident that the compressive strengths 


», 


showed a rather uniform increase with while the rate of gain in flexure is particu- | 
age, while the flexural strengths tended larly low between 14 and 90 days. Dur- 
to be somewhat erratic, particularly in ing the 14 to 90-day period the compres- 
the range of 14 to 90 days age. In several sive strength increased by 23 per cent 
cases the flexural strengths obtained for _ while the increase in flexural strength was 
a mix (average for 5 beams representing — only 8 per cent—approximately one third 
three repetitions of the mix made in one as great. 

week) indicate no gain in strength either Similar differences between flexure 
between 14 and 28 days or between 28 and compression in the rates of strength 
and 90 days. Data contained in many gain with age have been shown in a 
published papers (3-6) show that such number of previous investigations, in- 
trends in flexural strength are frequently cluding the early work of Abrams (7). 


TABLE X.—STRENGTH DATA FOR MIX NO. 5 BY INDIVIDUAL WEEKS OF MIXING. 
Strength values shown for each age are the averages for three cylinders or five beams representing 
three repetitions of the mix made in one week. 


Compressive Strength, psi Flexural Strength, psi 
; 7 14 28 90 1 7 4 | 28 | 9 | 1 
days days days days yr days | days | days | days yr 
| 
4350 |4980 (5810 (6960 6960 (525 (620 (635 740 
4220 (4830 (5920 (6580 |6980 \525 600 (620 (690 (700 
14260 |5110 |5740 |6400 |6690 (565 |620 |685 |695 
5 N, P, R ; 4300 15220 5710 (6400 (7040 (525 (610 (620 (705 
4470 (5410 (5940 (6740 (7020 665 670 
| | | 

Maximum weekly average 4470 (5410 (5940 6960 (7220 565 (630 (685 (690 
Minimum weekly average. ...4220 (4830 (5710 (6400 (6690 (525 625 (680 
4320 (5120 (5830 (6580 (6980 540 (615 (640 (665 (710 
Total number of tests........| 18 18 18 18 18 30 | 30 | 30 | 30 | 30 
Standard deviation, ¢, psi. . . 7 209 | 265 | 195 | 337 | 305 | 31 | 30 | 51 | 53 | 41 

Coefficient of variation, per 


| 5.3 5.2 3.3) 5.1 4.4 5.7) 4.9| 8.0} 7.9} 5.8 


encountered in tests with a wide variety Jackson (8) reports results of tests on 
of cements and aggregates. eight cements (representing both types 
The average rates of strength gain for I and II) with and without air-entrain- 
mix Nos. 1 to 8, representing all eight ment. His data indicate wide differences 
slag aggregates used, are shown in Fig. 4, in rate of strength gain, apparently 
where strength as a percentage of the dependent upon type and chemical com- 
28-day value is plotted against the age position of the cement. Between 7 days 
at time of test. During the entire period and 1 yr, strength gains in compression 
from 7 days to 1 yr, compressive strength varied from about four to less than two 
varied from 72 to 119 per cent of the _ times the gain in flexure for the different 
28-day value. The strength range in cements (basing calculations of strength 
flexure for the same period was 85 to gains on the percentages of the 28-day 
113 per cent—a total variation of only — strength). 
28 per cent as compared to 47 per cent The percentage values shown in Fig. 4 
for compressive strength. In addition, for all of the slag aggregates are practi- 
the curve for compression is uniform, cally identical (within 2 per cent in all 
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cases) to those for the average obtained 
for all repetitions of the standard mix 
(No. 5), detailed data for which are 
shown in Table X. These mixes also 
indicate, in some cases, erratic weekly 
average flexural strength values, in the 
same manner that was found in the 
other mixes. The results are indicated 
to be the same, on the average, whether 
a number of test rounds with one aggre- 
gate or one test round with each of sev- 
eral aggregates was used. The percentage 
change in strength between two test ages 
was consistently less in flexure than in 
compression. Both this low rate of 
strength gain in flexure and the erratic 
flexural strengths in individual tests 
appear to be due to characteristics of 
the cement and of the flexural test itself. 

The variability of the tests as meas- 
ured by the standard deviation and 
coefficient of variability shown in Table 
X are also of interest. These values show 
that the flexural strength tests were 
characterized by greater variability 
than was compression. For a given 
number of individual observations, con- 
fidence limits for flexure would have a 
greater spread, as a percentage of the 
measured value, than for compression. 

Even if a coefficient of variation of 5 
per cent could be maintained in the 
flexural strength test, confidence limits 
at the 90 per cent level for 28-day 
strength would be so wide that the 
average strengths at both 14 and 90 
days would fall within them for less than 
six or seven tests. The confidence limits 
themselves would overlap unless some 
16 or more tests were conducted. Cer- 
tainly no significance can be attributed 
to the variations encountered in flexural 
strength results for the individual mixes 
in this study between 14 and 90 days of 
age. 

The results obtained confirm the data 
of previous investigations regarding two 
important points in flexural strength 


tests of concrete: 


VE STRENGTH OF ArR-ENTRAINED CONCRETE 


(a) It should not be assumed that 
the rate of strength gain in flexure is 
comparable to that in compression for 
any concrete, irrespective of materials 
used,—they may be vastly different; and 

(6) Unless a large number of test 
specimens is used, the variability in- 
herent in the test may lead to erroneous 
conclusions regarding the increase in 
strength with age of the specimens. 


It should also be noted that the differ- 
ent rates of strength gain result in vary- 
ing ratios of compressive strength to 
flexural strength. In this study the com- 
pressive strength of the standard mix 
(Table X) was 8.0 times the flexural 
strength at 7 days while at 90 days this 
ratio was 9.9. Therefore, if estimates of 
the flexural strength are to be made from 
compression tests, the proper ratio should 
be established for the particular test age 
being considered. 


CONCLUSIONS 


Based upon the tests conducted and 
the results reported and discussed above, 
the following conclusions are drawn: 

1. No consistent relationship was 
found between either the abrasion re- 


‘sistance or unit weight of blast-furnace 


slag aggregates and strength properties 
of concrete in which they were used. 

2. Changes in cement content pro- 
duced greater changes in both compres- 
sive and flexural strength at early ages. 
Differences decreased with additional 
curing. 

3. Flexural strength was less affected 
by changes in cement content than was 
the compressive strength. 

4. The type IS-A cement produced 
lower strengths at 7 and 14 days than 
did the type I-A cement; strengths were 
essentially the same at 28 days and 
later ages. 

5. Variations in maximum size of the 
slag coarse aggregate from ? to 2 in. in 
6-sack mixes had no marked effect on 
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the strength in either compression or 
flexure. 

6. Use of 3-in. top size aggregate with 
the same cement factor, 6 sacks per 
cu yd, decreased the compressive 
strength 22 to 36 per cent at different 
ages but caused little apparent change 
in the flexural strength. 

7. Moist room curing and immersion 
in water were equally effective curing 
methods, producing essentially the same 
strengths in both compression and flex- 
ure. 

8. Exposure of specimens to labora- 
tory air after removal from the molds 
caused a marked decrease in compressive 
strength, with relative strength decreas- 
ing continuously with length of exposure. 
Flexural strengths dropped sharply 
through 28 days age; but tests at 90 days 
and 1 yr showed little effect from the 
lack of proper curing. 


Lewis AND HUBBARD 


9. Air-entrained concrete made with 
an average slag and cement contents 
varying from 4 to 8 sacks per cu yd 
showed excellent durability in 303 
cycles of freezing in air and thawing in 
water. 

10. The rate of increase in flexural 
strength with increased curing time was 
much smaller than that for compressive 
strength. 

11. The flexural strength test was 
inherently more variable than the com- 
pression test, and 

12. The data confirm the results of 
previous investigations and_ indicate 
that conclusions regarding increases in 
flexural strength with age, based on the 
small number of tests usually conducted 
and for short periods of additional cur- 
ing, may be misleading. 7 
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_ Messrs. STANTON WALKER, DELMAR 
L. BLoreM, AND RicHARD D. GAYNOR 
(by letter).\—We are particularly inter- 
ested in the authors’ findings on the 
effects of maximum size of aggregate 
and moisture condition of test specimens 
on the compressive and flexural strength 
of concrete made with air-cooled blast- 
furnace slag as coarse aggregate. Similar 
results have been found with gravel 
and crushed stone in the Joint Research 
Laboratory of the National Sand and 
Gravel Assn. and the National Ready 
Mixed Concrete Assn. at the University 
of Maryland. Our tests on the effect of 
moisture condition confirm the authors’ 
findings. The data are published else- 
where and will not be discussed here. 
The reader is referred to “Effects of 
Curing and Moisture Distribution on 
Measured Strength of Concrete,” by 
Walker and Bloem.? 

That larger aggregates produce higher 
concrete strengths than smaller ones, 
with other conditions comparable, has 
been an axiom ever since there has been 
a developed concrete technology. This 
“natural law” appears to have been uni- 
versally accepted without reservation, 
particularly in the case of compressive 
strength. The authors’ tests, our own, 

! Director of Engineering, Associate Director 
of Engineering and Associate Research Engi 
neer, respectively, National Sand and Gravel 
Assn., and National Ready Mixed Concrete 
Assn., Washington, D. C. 

2 Proceedings, Highway Research Board, Vol. 


36 (1957). (Reprinted as a joint publication, 
Nat. Sand and Gravel Assn. and Nat. Ready 


and those of others suggest that this re- 
lationship should be reexamined. The 
data not only fail always to show im- 
proved strength for larger aggregate sizes 
but in some cases actually indicate reduc- 
tions. This unorthodox relationship came 
to our attention as a by-product of a 
number of different investigations, as a 
result of which we decided to examine 
the question in detail. 


Studies of 3-in. to 2}-in. Maximum Sizes 
(Series 155-B): 


Concrete of one cement factor was 
made with two aggregates in four differ- 
ent maximum sizes. Both 6 by 12-in. cyl- 
inders and 6 by 6 by 36-in. beams were 
molded. The concrete was designed to 
contain 6 sacks of cement per cu yd and 
to have a slump of 2 to 3 in. It contained 
no purposely entrained air. A single ratio 
of fine to coarse aggregate was used for 
each size of each aggregate, selected by 
conventional criteria to produce work- 
able but not over-sanded mixtures. Com- 
pressive and flexural strengths were 
measured at 28 days. 

The results are given in the accom- 
panying Table XI and Fig. 5. Note that 
neither compressive nor flexural strength 
showed any significant increase beyond a 
maximum size of ? in. and that, in com- 
pression, the 23-in. aggregate gave sub- 
stantially lower strengths than any of the 
three smaller sizes. This was in spite of 
normal reductions in mixing water with 
increased size, as shown in the table and 
the lower portion of the figure. 


Tests with 
163-A): 


The relationship found was unexpected 
and we sought for an explanation. The 


Larger Specimens (Series 
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conventional methods. To check these 
possibilities, tests were made using 8-in. 
diameter cylinders and 8 by 8-in. beams 
as well as the standard 6-in. sizes. Three 
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crete alti 2 (Series 155-B). 


thought suggested itself that the 6-in. 
cylinders and the 6 by 6-in. beams may 
not have been large enough in cross-sec- 
tion to accommodate the larger sizes of 
aggregate without detriment to meas- 
ured strength. There was also the possi- 
bility that the single ratios of fine to 
coarse aggregate were not optimum in 
spite of their having been selected by 


Maximum Size Coarse Aggregate, 
-Effect of Size of Coarse Aggregate on Strength and mike Water Requirement of Con- 


different ratios of fine to coarse aggre- 
gate were used for each of the same four 
maximum sizes—3, 15 and 23 in— 
used in the earlier study. Only one coarse 
aggregate was tested. The cement factor 
was 6 sacks per cu yd and the slump 2 to 
3 in. The data are given in Table XII 
and the accompanying Figs. 6 and 7, the 
figures showing only the compression tests. 
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TABLE XI.—CHARACTERISTICS OF FRESH CONCRETE AND RESULTS OF 
STRENGTH TESTS (SERIES 155-B). 

Each value average for 3 batches of concrete mixed on different days; compressive strengths aver- 
ages for three 6 by 12 in. cylinders; moduli of rupture averages for 6 tests of 6 by 6 in. beams (2 


Sand Wat 28-day 
Total Fineness | Cement, — | Ai Strengths, psi 
Maximum Size Absolute | Modulus, | b/b sacks Slump,| = 
Aggregate, Aggregate | cu y gal per gal per Com- 
per cent | cu yd | sack | pression Flesure 
Coars—E AGGreGaTe A 
47.0 4.42 0.58 5.93 39.9 | 6.74 | 2.7 2.3 | 5215 | 629 
_. Rae 37.4 5.14 | 0.68 5.96 35.7 | 5.98 | 2.7 1.5 | 5790 651 
Creer 30.2 5.85 0.77 | 6.00 32.1 | 5.35 2.5 0.8 | 5705 | 656 
| 23.3 6.57 | 0.82 | 6.01 | 29.9 | 4.98 | 2.1 | 0.1 4560 | 620 
Coarse AGGREGATE B 
| Ne ea | 53.2 4.22 | 0.58 5.92 42.2 | 7.13 2.4 | 3.0 | 5045 698 
34. 43.5 4.89 | 0.68 5.93 | 38.3 | 6.46 | 2.5 1.8 | 5660 756 
33.8 5.68 0.77 5.97 35.1 | 5.88 2.2 0.7 | 5780 | 771 
29.4 6.27 0.82 | 5.97 32.8 | 5.48 2.4 0.3 | 4630 | 752 


@ Method of Test for Weight per Cubic Foot, Yield and Air Content (Gravimetric) of Concrete 


(C 138 — 44), 1958 Book of ASTM Standards, Part 4. 
TABLE XII.—EFFECT OF MAXIMUM SIZE OF COARSE AGGREGATE ON STRENGTH 
OF CONCRETE (SERIES 163-A). 
‘ach value average for 3 batches of concrete mixed on different days. 
7 Ji 28-day Strengths, psi 
Water 
F Come, Air, Compression Flexure 
ggregate, | | cent® 
per cent | Aggregate oye gal | gal } _— oy 6 by 8 by 
“ | | per pe c lin c lin 6 in. 8 in. 
cu yd | sack Beams | Beams 
3¢-1n. Maximum Size Coarse AGGREGATE 
SN Se 4.35 0.53 6.09 39.3 6.5 2.5 1.9 | 5600 | 5465 | 621 617 
Of Se 0.42 | 6.03 41.7 | 6.9 2.6 3.0 | 4950 | 4760 | 567 547 
69.0 3.75 0.32 | 5.94 43.1 7.3 | 3.7 3.9 | 4360 4200 | 576 528 
4-1n. Maximum Size Coarse AGGREGATE 
31.3.......| 5.40 |0.76| 6.13 | 33.5| 5.5 | 2.3 | 0.2 | 6265 | 6165 | 633 | 632 
39.0 5.10 | 0.66 6.05 | 34.5 | 5.7 | 2.6 1.6 | 6150 5935 | 615 | 614 
46.8 4 0.57 | 6.04 | 35.6 | 5.9 | 2.4 1.9 | 5900 5660 | 613 | 601 
1!g-1n. Maximum Size Coarse AGGREGATE 
26.9 6.02 | 0.82| 6.09 | 31.2! 5.1 | 1.8 |-0.6 | 5835 | 5740 | 606 | 617 
33.6 5.72 | 0.73 6.05 31.9 5.3 2.6 0.4 | 5955 | 5810 | 625 605 
40.3 5.42 0.65 | 6.02 | 33.3 | 5.5 2.4 | 1.2 | 5960 5655 629 590 
2! -In. Maximum Size Coarse AGGREGATE 
ee 6.55 |0.82| 6.07 | 29.9| 4.9 | 2.3 |-0.8 | 4465 | 4635 | 601 | 593 
30.2 6.25 0.74 | 6.03 30.4 | 5.0 | 2.5 0.1 | 5480 | 5275 586 | 580 
36.2 5.95 | 0.67 6.01 31.6 | 5.3 | 2.4 0.6 | 5640 | 5425 | 640 | 591 


« See Table XI. 
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TABLE 


XIII.—EFFECT OF 
COMPRESSIVE STRENGTH OF CONCRETE (SERIES J-112). 

Each value average for either 4 or 5 batches of concrete mixed on different days. Compressive 

strengths averages for either 12 or 15 6 by 12 in. cylinders (3 from each batch). 


_ As was expected, lower strengths were 
secured for the larger specimens. On the 
other hand, the data provide no indica- 


able. For the 2-in. and 3 
sizes, no mixes had sulicientiy high fine- 
ness moduli (little enough sand) to cause 


MAXIMUM SIZE OF COARSE 


AGGREGATE ON 
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#-in. maximum 


Water 
Sand Total Fineness 
per cent. Aggregate cu yd gal per gal per Strength, psi 
cu yd sack 
3¢-1n. Maximum Size Coarse AGGREGATE 
re ee 5.16 | 0.84 | 5.98 | 38.6 | 6.45 | 7.1 0.3 | 3360 7 
4.99 0.71 6.00 | 39.1 6.51 5.3 0.5 4395 
RS 4.82 | 0.72 | 5.99 | 39.1 | 6.52 3.7 0.7 5165 : 
4.65 0.66 6.00 39.3 6.55 4.8 5305 
A Pee es 4.32 0.53 5.96 41.2 6.91 5.1 2.4 5150 
Na Ne 3.47 0.24 5.98 | 49.1 8.21 4.8 3.8 3930 
34-1n. Maximum Size Coarse AGGREGATE 
SR 5.61 0.83 6.03 35.2 5.84 5.1 -—0.3 4130 
5.42 0.77 6.03 35.6 5.90 4.3 0.0 | 4990 
5.22 0.70 6.01 36.2 6.01 | 4.5 0.7 5600 
5.02 0.64 6.01 | 37.0 6.15 4.5 1.2 | 5580 
ee 4.63 0.52 | 6.00 | 40.3 | 6.72 5.2 1.9 | 5195 
ae 3.62 0.24 | 6.01 | 48.6 | 8.09 4.4 3.9 | 3980 
11g-1n. Maximum Size Coarse AGGREGATE 
6.08 0.83 6.03 33.4 5.54 5.2 -—0.3 | 4350 
5.85 0.77 6.02 33.6 5.58 4.0 —0.1 | 5075 
ae 5.62 0.70 6.03 34.6 5.74 4.5 0.3 5425 7 
5.39 0.64 6.02 36.0 5.98 4.7 0.8 | 5230 
ss 4.94 0.52 6.01 39.5 6.57 5.0 1.6 4915 
TS rp 3.78 0.23 5.99 48.4 8.08 4.8 3.8 3815 
216-1n. Maximum Size Coarse AGGREGATE 
Se 6.47 0.80 6.05 32.0 5.28 5.3 —0.4 4230 
ee 6.22 0.74 6.04 32.7 5.42 4.4 —0.2 4545 
35... 5.96 0.67 6.04 33.7 5.58 4.4 0.2 4895 
Pe ee 5.71 0.62 6.04 35.4 5.86 4.3 0.5 5000 
5.21 0.49 6.00 39.1 6.51 4.8 1.3 4705 
3.91 0.22 6.02 48.6 8.08 4.4 3.3 3735 


* See Table XI. 


tion that size of specimen 
relationship between strength and maxi- 
mum size of aggregate found previously. 
As to sand content, it appears from Fig. 6 
that the range in percentages might not 
have been large enough in all cases to 
produce the maximum strength obtain- 


affected the 


a reduction in strength. For the 23-in. 
fineness moduli 


maximu 
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never low 
strength. However, 


size, 


enough to give maximum 

it is evident that | 
these data support the previous finding 
of a decrease in strength with increasing i“ 
maximum sizes larger than # in. 
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_ The locations and shapes of the water- 
cement ratio curves in Fig. 7 also indi- 
cate less favorable strength development 
for the larger sizes of aggregate. It ap- 
pears that, at a given water ratio, 
strength decreases progressively as maxi- 
mum size of aggregate increases. 


Comparisons Among Maximum Sizes of 
Coarse Aggregate for Wide Range of 
Sand Contents (Series J-112): 


In spite of the convincing evidence 
from the investigations referred to, it was 
felt desirable to make at least one more 
group of tests in which there could be no 
doubt that results would include the op- 
timum sand content for each coarse ag- 
gregate size. Tests were made with maxi- 
mum sizes of 3, 7, 13, and 23 in., for one 
coarse aggregate only, using a cement 
factor of 6 sacks per cu yd anda nominal 
slump of 4 to 5 in. The-higher-than usual 
slump was used to minimize the likeli- 
hood of differences in compacting effects. 
Sand contents ranged from 25 to 75 per 
cent of the total aggregate for each maxi- 
mum size. Compressive strength tests 
only were made on 6 by 12-in. cylinders. 
The data are summarized in Table XIII 
and the accompanying Figs. 8 and 9. 

The results of these tests are clear-cut 
and unequivocal. They show that the 
mixing water demand decreased as maxi- 
mum size of coarse aggregate increased, 
which is in accord with conventional 
thinking. On the other hand, they also 
show in clear-cut fashion that the com- 
pressive strength for the optimum fine- 
ness modulus of total aggregate (Fig. 8) 
or for the same water-cement ratio (Fig. 
9) decreased as the maximum size in- 
creased. 


Future Tests: 
The results of these tests are so con- 
trary to expectations and to interpreta- 


tions of earlier data that some additional 
work is planned. Except in the case of 


series 155-B, all tests were made with the 
same aggregate, a very hard, high- 
quality, relatively rounded quartzite 
gravel. It is proposed to determine if 
something about the surface texture or 
high strength of particles of this gravel 
may have influenced the results. This 
seems unlikely in view of the fact that 
our findings appear to be in substantial 
agreement with those of the authors, 
where the tests were made with the 
extremely rough-textured blast-furnace 
slag. 

Mr. A. HALier.*—With re- 
spect to the failure to follow preconceived 
results as to particle size of coarse aggre- 
gate, I have made some investigation of 
that phenomenon. It seems that by in- 
creasing the strength of the matrix up to 
a certain limit, that a point is reached 
where the weakest link of the chain is 
possibly the bond of the matrix to the 
coarse aggregate; therefore, if you have 
more cross-sectional surface area occupied 
by large-sized coarse aggregate, that may 
be the weakest link and may be one of 
the reasons why even a reduction in 
water does not necessarily result in higher 
flexural strength. 

We know that, in polished aggregates 
or those with smooth surface texture, 
particularly gravel, we reach a plateau 
beyond which increasing the cement fac- 
tor has no effect on increasing the flex- 
ural strength, which appears to be due 
to the lack of cementitious bond between 
the matrix and the coarse aggregate. 

I wish to ask the author whether he 
used standard size specimens, as far 
as compressive strength and flexural 
strength, in all of his tests, and in cases 
where he used the 2-in. aggregate, 
whether the 2-in. aggregate was wet- 
screened from the mixture or whether it 
was tested with the 2-in. aggregate in 
both flexural and compressive strength 
spec imens. 


3 President, The Haller Testing Laboratories. 
Inc., New York, N. Y. 
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Mr. D. W. Lewis (author)—In reply 
to the question regarding the maximum 
size of the aggregate and the size of the 
specimens, we*used standard 6 by 12-in. 
cylinders for compression, 6 by 6-in. 
cross-section beams for the flexural tests 
throughout. The 2-in. 1}-in. 2-in., and 
g-in. top sizes of aggregates were all used 
in the same size specimens in each case. 

It is of some interest to compare the 
net water-cement ratios in these mixes 
with the various sizes of aggregate. They 
range from 5.2 gal per sack with 2-in. 
aggregate; 5.3 with the 1}-in. aggregate; 
5.8 with the ?-in., and went up to 6.4 
with the 3-in. top size. So we had quite 
a large range in water-cement ratios. 

Messrs. D. W. Lewis AND FRED Hus- 
BARD (authors’ closure)—-The data sub- 
mitted by Messrs. Walker, Bloem, and 
Gaynor are valuable in emphasizing the 
need for reexamination of some of the 
long-accepted relationships in the con- 
crete field. In their discussion it is pointed 
out that increasing aggregate size beyond 
? in. resulted in strength decreases for 
concretes with constant cement content 
and slump. All of their results are based 
on tests made after 28 days’ curing and 
appear to be essentially in accord with 
our findings. 

A careful study of the data in Table 
VIII of the paper, however, shows that 
the optimum aggregate size for maximum 
strength varies with length of curing in 
our tests. The concrete made with 2-in. top 
size slag aggregate had the highest com- 
pressive strength at 7 and 14 days; that 
made with 1}-in. aggregate was strongest 
at 28 and 90 days; while at one year 
the ?-in. top size aggregate produced the 
strongest concrete. The same general 
trend is shown by the flexural strengths. 

This indicates that, at least under some 
conditions, the optimum aggregate size 
may vary with the length of moist cur- 
ing—or with the strength level of the 
concrete which is influenced by the cur- 
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ing. The curing time at which a given 
aggregate size would appear the best may 
vary greatly for different cement and ag- 
gregate characteristics. Thus while the 
tests reported by Messrs. Walker, Bloem, 
and Gaynor show optimum strength with 
#-in. aggregate after 28 days’ curing, our 
results indicate the ?-in. material to be 
best in compression only after one year of 
curing, but at a somewhat earlier age in 
flexure. 

It is also possible, of course, that under 
some conditions a smaller size of aggre- 
gate may produce the higher strengths at 
early test ages. This is illustrated by the 
data in Table XIV, from tests recently 
completed in the National Slag Assn.’s 
laboratory. Although primarily a study 
of the effect of type of coarse aggregate, 
aggregate No. 13 (a crushed gravel) was 
used in both 1 and 1}-in. top sizes. The 
“standard” slag (No. 5) in the original 
test series was included for comparative 
purposes along with good quality aggre- 
gates of other types. The fine aggregate 
and all test procedures were identical to 
those used for the main series of tests. A 
new supply of type I-A cement was ob- 
tained from the same sources as used 
previously and blended in the same man- 
ner. All mixes were repeated on three dif- 
ferent days except the standard mix (No. 
RS) which was repeated six times. 

In these tests the 1-in. top size crushed 
gravel (mix No. 24) produced higher 
compressive strengths than did the 1}-in. 
top size (mix No. 23) at both the 7- and 
28-day test ages. For flexure, the reverse 
is true, again indicating that the effects 
are not necessarily the same for the two 
types of test. 

It seems probable that the optimum 
size of aggregate may be dependent upon 
a number of factors and vary not only 
with the surface texture and strength 
of aggregate particles as suggested by 
Messrs. Walker, Bloem, and Gaynor but 
also with strength characteristics of the 


= 
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cement, age at time of test, type of cur- 
ing, etc. The many unanswered ques- 
tions regarding this relationship are cer- 
tainly worthy of further study. 

The strength data shown in Table XIV 
indicate no significant differences in 
strength between the various types of 
aggregate tested. Whether the standard 
slag or the average for all aggregates is 
used as the basis of comparison, the per- 
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less than 3 per cent. In compression, how- 
ever, the strengths obtained in the later 
tests were approximately 15 per cent 
lower than in the initial series. 

The only variable to which this can be 
attributed is use of a new supply of ce- 
ment (but from the same sources) in the 
test series reported in the accompanying 
Table XIV. The variation in the relation- 
ship of compressive to flexural strength 


TABLE XIV.—EFFECT OF TYPE OF COARSE AGGREGATE 
ON STRENGTH OF CONCRETE. 
All concrete made with a blend of three sources of type I-A cement, 6 sacks per cu yd, 2 to 
214-in. slump, moist room cured until time of test. Except when otherwise indicated, top size of 


aggregate w 


was 1!4 in., and strengths shown are the averages for 3 tests in compression and 5 in flex- 


ure on 6 by 12-in. cylinders and 6 by 6-in. cross-section beams. 


Compressive Flexural 

Coarse Aggregate Stosnath psi Strength, psi 

Weight sion 

>. Type a Loss, Days Days | Days | Days 
foot, |per cent 
No. 5 Slag 82.8 | 33.0 | 3620 | 4930 | 555 645 
PLS in a assess No. 9 Limestone 103.6 | 25.0 | 3640 | 4990 | 565 630 
eee No. 10 Trap rock 106.0 | 10.5 | 3320 | 4520 | 565 645 
ee No. ll Crushed gravel 101.0 | 21.1 | 3220 | 4280 | 575 645 
SS See No. 12 Round gravel 111.0 | 19.9 | 3210 | 4400 | 500 630 
we Ss a we No. 13 Crushed gravel 106.2 | 24.0 | 3520 | 5060 | 510 625 
No. 24°. No. 13 Crushed gravel 103.2 24.0 | 3780 | 5300 | 505 590 


* Strengths shown are averages for six tests in compression end ten in flexure. 


’ Top size of aggregate was 1 in. 


centage variations in strength of con- 
crete made with the various aggregates 
is small. 

The relative compressive and flexural 
strengths are of interest as compared to 
those obtained in the initial test series. 
Such a comparison can be made for 
slag aggregate No. 5 between the results 
shown for mix No. 5 in Table V and those 
for mix No. R5 in Table XIV. Tne great- 
est difference in flexural strength between 
the two test series for comparable test 
ages was 15 psi, representing a change of 


with curing time was pointed out in the 
paper. It also appears that this relation- 
ship may change with different batches of 
cement from the same mills. 

Since the flexural and compressive 
strengths react differently or to different 
degrees to many variables, careful inves- 
tigation would be required before valid 
estimates of flexural strength could be 
‘made from compressive strength tests, a 
procedure that is currently being advo- 
cated because of inherent variability in 
the flexure test. 


| 


In this investigation a study was 
made of different types of capping ma- 
terials permitted for use on concrete 
specimens by current ASTM methods of 
test. The materials include portland 
cement, sulfur cement, and high-alumina 
cement. The use of high-strength 
gypsum plaster is permitted on concrete 
cylinders of low to moderate strength. 

Early literature of the effect of capping 
materials on the compressive strength of 
concrete cylinders referred to sheet 
bedding materials or plaster of Paris. 
When it became apparent that these 
materials had an adverse effect on the 
strength of the test specimen, considera- 
tion was given to the use of other 
materials. Portland cement was of course 
a most logical substitute and its use was 
widely advocated. There was some dis- 
satisfaction with the time required for 
the hardening of the portland cement, 
and attempts were made to accelerate 
the setting of the cement by the addition 
of plaster of Paris. Shortly thereafter, the 
use of sulfur cements was suggested 
and one of the earliest reports of this 
was by P. J. Freeman in 1928 ()2 

* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 


1Highway Physical Rese arch Engineer, 
Bureau of Public Roads, Division of Physical 
Research, Washington, D. C. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1180. 
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Further modifications of capping ma- 
terials were suggested and attempts to 
standardize capping procedures resulted 
in the requirements now given in ASTM 
Methods C 31 and C 192.° These stand- 
ards not only specify acceptable capping 
materials but prescribe the planeness of 
bearing surfaces of test specimens. If the 
surfaces are not plane within 0.002 in., 
the specimens are required to be capped 
with neat portland cement, neat high- 
alumina cement, sulfur cement (a suitable 
mixture of sulfur and granular materials) 
or high-strength gypsum plaster. The 
caps must not fracture or flow under 
load and must have a minimum specified 
age before test. Gypsum plaster caps 
may not be used on specimens with 
expected strengths above 5000 psi. 

Although it was believed that with 
the establishment of these ASTM 
standards, testing laboratories would 
adopt the practices and materials 
mentioned, it has been found that some 
laboratories still persist in using other 
capping practices. Consequently ques- 
tions arise regarding the effect of these 
practices on the strength of concrete, and 
occasionally information is desired of the 

3 Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in 
the Field (C 31-55), 1955 Book of ASTM 
Standards, Part 3, p. 1314. 

Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in 


the Laboratory (C 192-55), 1955 Book of 
ASTM Standards, Part 3, p. 1318. 


relative merits of the different capping 
materials permitted by the standards. 
Published data give little information of 
the effect of these materials when con- 
crete cylinders of relatively low or high 
strength are tested. Nor are data found 
showing a direct comparison between the 
strengths of cylinders with rough or 
smooth ends after capping with materials 
other than hydraulic cements. 


Score OF STUDY 


Three series of tests were made by the 
Bureau of Public Roads to obtain in- 
formation regarding the strengths of 
concrete cylinders, with either smooth or 
rough ends, when capped with various 
materials. The first series was made in 
1949 on 6 by 12-in. concrete cylinders 
of high strength (7000 psi). One half of 
the number of cylinders tested were 
molded with smooth bottoms and tops 
and the remaining half had smooth 
bottoms and rough tops. The concrete 
was made with a type I cement, a natural 
sand of 2.75 fineness modulus, and a 
crushed limestone graded from 13 in. to 
No. 4. The second series was made in 
1953 on 6 by 12-in. concrete cylinders of 
low strength (2000 psi) and high strength 
(7000 psi). The materials used were of 
the same type and grading as those in 
the first series of tests. One half of the 
cylinders were molded with smooth 
bottoms and tops and the remaining 
half had rough bottoms and tops. 

The capping materials used were a 
neat high-alumina cement, a mixture of 
portland cement and plaster of Paris, two 
sulfur cements, two gypsum plasters, 
plaster of Paris, and sulfur without 
filler or additive. All capping materials 
used are commercially available. 

When the results of these two series 
of tests were studied it was believed that 
the conclusions regarding the relative 
merits of caps of sulfur or sulfur cement 
might not apply to caps of the same 
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materials but formed with a different 
type of capping device. Accordingly in 
1956 a series of tests was made to deter- 
mine the effect of the method of applica- 
tion of sulfur cement caps. In these 
tests, cylinders of high-strength concrete 
with smooth tops and bottoms were 
capped with a sulfur cement using both 
of the available methods, and the 
strengths obtained were compared with 
those of similar cylinders capped with 
high-alumina cement. 


CONCLUSIONS 


1. With exception, cylinders 
capped with high-alumina cement gave 
higher crushing strengths for concretes 
of high and low strengths than were 
obtained with other capping materials 
such as gypsum plasters, plaster of 
Paris, a mixture of plaster of Paris and 
portland cement, sulfur cements, or 
sulfur alone. 

2. Plaster of Paris caps or caps of a 
mixture of plaster of Paris and portland 
cement caused a large reduction (6 to 43 
per cent) in the strengths of concrete 
cylinders of both classes when compared 
with similar cylinders capped with 
high-alumina cement. 

3. Caps of high-strength gypsum plas- 
ters caused a decrease in the strength of 
cylinders of both classes of concrete as 
compared with similar cylinders capped 
with high-alumina cement. One type of 
gypsum plaster (type A) caused only a 3 
to 5 per cent decrease. 

4. Caps of one type of sulfur cement 
(type A), caused a reduction in the 
strength for cylinders of high-strength 
concrete, when capped horizontally, of 
8 to 15 per cent below that of cylinders 
capped with high-alumina cement. 

5. Caps of a second type of sulfur 
cement (type B), reduced the strength of 
cylinders of high-strength concrete 
capped horizontally approximately 20 to 
28 per cent below that of similar cylinders 
capped with high-alumina cement. 
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6. Low-strength concrete cylinders 
were not affected to as great an extent as 
high-strength cylinders by the capping 
materials used. Low-strength cylinders 
capped with plaster of Paris or a mixture 
of plaster and portland cement had 6 to 
11 per cent less strength than similar 
cylinders capped with high-alumina ce- 
ment. Cylinders capped with other 
materials showed a loss in strength of 
0 to 5 per cent. 

7. Cylinders of high-strength con- 
crete with rough ends showed lower 
strengths than similarly capped cylinders 
with smooth ends except for those 
capped with high-alumina cement or 
high-strength gypsum plaster. Caps of 
plaster of Paris or a mixture of plaster of 
Paris and portland cement caused the 
greatest reduction. For low-strength 
concrete, the strengths of cylinders with 
rough ends were approximately equal 
to strengths of similarly capped cylinders 
with smooth ends. 

»8. The thickness of a sulfur cement 
cap resulting from the method of appli- 
cation to the cylinder (vertical or hori- 
zontal) affected the resulting strength of 
high-strength concrete. Thick caps ap- 
plied with the cylinder in a horizontal 
position caused a greater reduction in 
strength than thin caps applied with the 
cylinder in a vertical position. 


GENERAL TEST PROCEDURE 


The concrete cylinders were molded 
according to ASTM Method C 192? but 
variations were used for making rough 
tops or bottoms and for preventing loss 
of moisture. The top surface of the 
plastic concrete in the mold was rough- 
ened immediately after molding by 
making 10 indentations § to } in. deep 
with the finger tips. The bottom surfaces 
were made rough by casting the concrete 
against a hardened plaster of Paris 
insert in the mold. The insert had about 
10 indentations of § to } in. in depth and 
was oiled before a concrete against 
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it to prevent sticking. The plaster insert 
was removed from the cylinder at an 
age of 20 to 24 hr after casting. 

Smooth tops and bottoms of cylinders 
were made by molding the concrete 
against the oiled base plate and finishing 
the top surface of the plastic concrete 
with a _ small round-nosed pointing 
trowel. Most of the bottom surfaces were 
slightly outside of the required tolerance 
for planeness of 0.002 in. because in- 
dentations had been made in the metal 
base plates by the tamping rod. The 
surfaces of the smooth tops as trowelled 
varied from 0.1 in. to 0.2 in. from plane- 
ness. 

The tops of cylinders of plastic con- 
crete were not struck off flush with the 
tops of the cylinder molds as specified in 
ASTM Method C 192. All top con- 
crete surfaces, either rough or smooth, 
were finished about } in. below the top 
of the mold. This variation from stand- 
ard procedure was used to prevent loss of 
water which might result if a glass 
plate were placed on the concrete flush 
with or slightly above the top of the 
mold and worked down until it touched 
the mold. However, a glass plate was 
used as a seal on the top of the metal 
mold after the cylinder had been molded 
and was covered immediately with wet 
burlap for 20 to 24 hr. The cylinders 
were removed from the molds at an age 
of 20 to 24 hr and stored in the moist 
room. 

The cylinders tested in 1949 were made 
on one mixing day. Sixty-four cylinders 
of high-strength concrete were made in 
eight batches of eight cylinders per 
batch. One cylinder from each batch 
was tested for each of the eight variables 
of end condition and capping materials. 

The cylinders tested in 1953 were made 
on six mixing days. Forty-eight cylinders 
of either high- or low-strength concrete 
were made per day in six batches of 
eight cylinders per batch. One cylinder 
from am a was tested for each of 
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‘TABLE I.—PROPERTIES OF CAPPING MATERIALS—SERIES 1949. 
Each value is the average of three or more tests except as noted. 
Compres- Flexural | Sonic Modulus 
Material Type of Specimen, in. | “he! strength, Strength, | of Elasticity 
psi 
2 by 2 by 4 prism 24 14 000 
High-alumina cement (neat) . { 2 by 2 by 12 beam 24 ; 1260 3.53 X 108 
2 by 2 by 2 prism 3 1 680 
Plaster of Paris No. 1 molding. { 2 by 2 by 12 beam 3 385° | 1.12 a 
2 by 2 by 2 prism 2 4 500 
Type A gypeum plaster....... 2 by 2 by 12 beam 2 940° | 2.49 
2 by 2 by 2 prism 2 3 460 sia ae ie 
Type B gypsum plaster....... { 2 by 2 beam 2 7952 | 2.98 
2 by 2 by 4 prism 2 7 850 
Type A sulfur cement........ { 
2 by 2 by 12 beam ace 1200 2.90 ame 
* Two tests. 
+ Tested at 17 days. 
i 
TABLE II.—PROPERTIES OF CAPPING MATERIALS—SERIES 1953. 
a [was Each value is the average of three or more tests. 
Flexural | Sonic Modulus 
Material Type of Specimen, in. Age at Test Senn th Strength, | of Elasticity, 
oat pe psi 
High-alumina cement 2 by 2 by 12 beam 24 hr Pee 1490 4.38 X 106 
3 by 6 cylinder 24 hr 8 930 
2 by 2 by 4 prism 9 days | 17 030 
— of Paris No. 1 2 by 2 by 12 beam 3 hr os 0.804 4 
2 by 2 by 2 prism 3 hr 1 190 
one as 2 by 2 by 12 beam 24 hr eile 1.32 
Plaster of Faris { Portiand 2by2by 12 beam | 48 hr 515 1.42 
2 by 2 by 2 prism 24 hr 1 420 
2 by 2 by 4 prism 48 hr 1 970 ’ a 
ie 
2 by 2 by 12 beam 24 hr 805 
{ 2by2by4 prism | 24hr | 7 310 
2by 2by 12 beam | 24hbr 790 | 2.12 
Type B gypsum plaster... 4 2 by 2 by 4 prism 24 hr 6 950 a ie a 
2 by 2 by 12 beam 3 hr a? 1180 3.48 3 
Type A sulfur cement..... 3 by 6 cylinder 3 hr 7 130 ee : 7 
2 by 2 by 4 prism 8 days | 8 340 
2 by 2 by 12 beam 3 hr sts 1295 —-. 
Type B sulfur cement. .... 3 by 6 cylinder 3 hr 6 280 im — ¢ 
2 by 2 by 4 prism 8 days 6 060 -. 
a 
- 2 by 2 by 12 beam 3 hr re 2302 1.46 
Sulfur 100 per cent........ 3 by 6 cylinder 3 hr 1 480 
2 by 2 by 4 prism 9 days 1 990 
* Beams contained many cracks. 
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the eight variables of capping. Three 
batches of the concrete prepared each 
day were used for making cylinders 
with rough ends and three batches were 
used for cylinders with smooth ends. 
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with high-alumina cement, another 
three were capped horizontally with one 
type of sulfur cement and the remaining 
three cylinders were capped vertically 
with the same type of sulfur cement. 


TABLE III.—PROPERTIES OF CAPPING MATERIALS (1957). 


Compressive Strength at Age Indicated, psi 
| High-Alumina Cement 
i « | <n 
Plaster Plaster ou + pet cout First Lot |Second Lot 
1 4635 4500 1380 1445 8215 7875 
he 2 4700 4450 1370 1490 8060 7785 
3 4485 4315 1040 1450 9235 7875 
Average 4605 4420 1265 1460 7845 
1 5835 5035 2085 2000 8325 7675 
ore 2 5935 5485 2125 2185 8085 8250 
3 5615 5200 1825 2250 10515 8500 
Average 5795 5240 2010 2145 8140 
1 6985 5835 2335 2265 9410 9650 
2 6750 5935 2390 2485 8980 
, 3 6900 5900 2210 2590 13535 9660 
Average 6880 5890 2310 2445 9515 


Each value is the average of tests on three 2-in. cubes. 
* Specimens cured in laboratory air at 73 F and 50 per cent relative humidity. 
> Specimens in rounds 1 and 2 cured (uncovered) in moist air at 73 F and 90 to 95 per cent rela- 
tive humidity. Round 3 cured in moist air at 73 F and 90 to 95 per cent relative humidity but cov- 


ered with glass plate and moist towel. 


© Specimens cured (uncovered) in moist air at 73 F and 90 per cent relative humidity. 


WaTeER CONTENTS, BY WEIGHT, OF CAPPING MATERIAL IN PASTE 


50 per cent 
Type A Type B Plaster of Plaster of Paris | High-Alumina 
Consistency of Paste Gypsum Plaster,|Gypsum Plaster, Paris, + Portland Cement, 
per cent per cent per cent Cement, per cent 
per cent 
Seen 30.9 31.4 56.0 50.2 34.4 
caren 26.6 27.4 47.4 42.6 31.6 
od 22.8 22.9 41.8 39.2 26.8 


All conditions of consistency of pastes would permit use for capping. 


Cylinders of high-strength concrete 
that were tested in 1956 were made in 
three batches of nine cylinders each 
on each of three mixing days. Three 
cylinders from each batch were capped 


-, 


CAPPING MATERIALS 


The high-alumina hydraulic cement 
used in these tests has a high heat of 
hydration and requires careful moist 


curing. It develops compressive strengths 
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at 24 hr in neat cement or mortar that 
equal or exceed the strengths obtained 
with type I portland cement at 28 
days. When it is used for capping 
concrete cylinders, temperatures above 
90 F of the paste or the surrounding air 
should be avoided. High temperatures or 
insufficient moisture for curing cause 
soft or “powdery” caps, and dry cyl- 
inders which absorb moisture from the 
neat cement paste cause high-alumina 
cement caps to shrink and crack. 


Fic. 1.—‘‘L”’ Level and Two-Way Level. 


The plaster of Paris used in these 
tests was an expensive type usually 
sold as No. 1 molding grade. It usually 
sets very rapidly. No retarder was used 
with it for capping and no difficulty was 
encountered in its use. 

Type A and type B gypsum plasters 
are described by their manufacturer as 
extremely hard, low absorption plasters. 
The surface hardness and strength of 
type A castings are stated as seven to 
eight times that of ordinary molding 
plaster. Type B castings are described 
as having a surface hardness and tensile 
strength two to four times greater than 
standard plasters. . 
were made 


Sulfur cement caps of 
either of two commercial products, 
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caulking pipe in water works or sewer 
construction. Each was melted in a metal 
pot on an electric hot plate. As no 
thermostatically controlled sand or oil 
bath was used around the pot, occasional 
overheating of the sulfur cement took 
place with a thickening of the cement 
and some vaporization of sulfur. On 
cooling to near the freezing point of 
sulfur, the cement became fluid again so 
that pouring the caps was not difficult. 
Reclaimed sulfur cement caps from the 
tested cylinders were reused. 

Caps made of 100 per cent sulfur were 
applied in the same manner as the two 
sulfur cements for the horizontally 
capped cylinders. Overheating of the 
sulfur was avoided, and pouring of the 
molten material (without mineral filler) 
was easy because of its fluidity. The 
hardened caps had many fine cracks in 
the surface and no reclaimed sulfur was 
reused. 

The properties of the capping materials 
as determined by tests on beams, cyl- 
inders, prisms, and cubes are given in 
Tables I, II, and III. With reference to 
the tests for compressive strength, the 
strongest material is the high-alumina 
cement. The two sulfur cements are the 
next strongest and are followed by the 
two gypsum plasters. Plain sulfur, the 
mixture of plaster of Paris and portland 
cement, and plain plaster of Paris are 
the three weakest materials. All materials 
having hydraulic properties appear to 
be affected to a marked extent by varia- 
tions in the amount of water used to 
prepare them. 


Caps of high-alumina cement were 
applied usually within the first three 
days after the cylinders had been re- 
moved from the molds. One end was 
capped on one day and the other end was 
capped on the following day. Plate glass 
7 by 7 by ¢ in. thick with surfaces within 
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0.001 in. of planeness was used to form 
the bearing surfaces of the caps. The 
plates were coated with a thin film of 
graphite grease before use. Each cylinder 
was checked with an “L” level and a 
two-way level during capping to secure 
caps with parallel surfaces perpendicular 
to the axis of the cylinder. These levels 
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of plaster of Paris alone. After being 
capped, the cylinders were wrapped in 
wet burlap and stored in laboratory air. 
Caps of sulfur cement, type A or type 
B, or sulfur alone were applied to cyl- 
inders tested in 1949 and 1953 by a 
horizontal Nardiello type capping device 
shown in Fig. 2. Caps of the type A sulfur 


Fic. 2.—Nardiello Horizontal Capping Device for Sulfur Cement. 


are shown in Fig. 1. All capping with 
high-alumina cement was done in the 
moist room where a temperature of 
73 + 2 F and a relative humidity of 
98 to 100 per cent were maintained. 

Caps of plaster of Paris or gypsum 
plasters were applied to cylinders two to 
three hours before testing by a procedure 
identical with that used for the high- 
alumina cement caps. As capping was 
done in laboratory air of 65 to 75 F 
temperature with a variable humidity 
of 20 to 50 per cent, the cylinders were 
wrapped in wet burlap between the 
caps to prevent loss of moisture. 

Caps of a mixture of plaster of Paris 
and portland cement were applied to 
cylinders 24 hr prior to testing. The 
capping procedure was identical with 
that used for caps of gypsum plasters or 


Fic. 3.—Vertical Capping Device for Sulfur 
Cement. 
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Fic. 4.—Surface Gage for Checking Caps, 
1953 Series. 


Fic. 


cement used on the cylinders tested in 
1956 were applied by this device or by a 
vertical type of device, shown in Fig. 3, 
in which the end of a cylinder is set in a 
“puddle” of the molten material. After 
being capped, the cylinders were wrapped 
in wet burlap until tested two or more 
hours later. : 

Metal plates on the two types of 
capping devices for sulfur or sulfur 
cements were within 0.0005 in. of plane- 
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surface Plate for Checking Caps, 1956 Series. 


YF CONCRETE 


ness. They were oiled with a thin film of 
petroleum oil before use, but care was 
taken to avoid an excess that might 
affect the quality of the sulfur or sulfur 
cement. Oil was not used on the cylinder 
ends to facilitate recovery of sulfur ce- 
ment caps. 

Caps of neat alumina cement, plaster 
of Paris, gypsum plasters, or a mixture 
of plaster and portland cement varied in 
average thickness from $ in. for speci- 
mens with smooth ends to } in. for 
specimens with rough ends. Depressions 
in the rough ends of cylinders were filled 


with capping material before placing the 
cylinder vertically on the plastic capping 
material. 

Caps of type A and type B sulfur 
cements and sulfur alone varied from 4 
in. for smooth end cylinders to 3's in. for 
rough end cylinders when the Nardiello 
type of capping device was used. The 
thickness of caps made with this hori- 
zontal capping device is governed by the 
minimum opening of the ring at the end 
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TABLE IV.—COMPRESSIVE STRENGTHS 
OF HIGH-STRENGTH CONCRETE—6 BY 
12-IN. CYLINDERS—1949 SERIES. 


Roveu CyLiInpeR Tops? *MootH Borroms 


| Sattur | Plaster 
Capped? With....|_ mina sum Ce- | paris 
Cement,|Plaster, | ment, psi 
psi psi psi 
Batch 
SS 7080 | 6560 | 6680 | 4630 
te Aree 6880 | 6580 | 6970 | 4180 
SS ee 6990 | 6390 | 6540 | 4600 
|’ See 7230 | 6900 | 7050 | 4560 
| eee 7140 | 7030 | 6580 | 4550 
i } eee 7090 | 7360 | 7020 | 4740 
| aera 6630 | 6510 | 6300 | 5400 
. ee 6970 | 7070 | 6700 | 5090 
Average....... 7 6800 | 6730 | 4720 
Average varia- 
tion, per cent..| 1.9 4.3 3.2 5.7 
Maximum varia- 
tion, per cent..| 5.3 8.2 6.4 | 14.4 
Coefficient of 
variation, per 
2.5 4.7 3.7 7.4 


SmootH CyLinpER Tops, Smoota Borroms 


Batch: 
ia Os 7190 | 6870 | 6660 | 5800 
a tM 6930 | 6720 | 6060 | 6080 
No. 3.......| 6970 | 6970 | 6810 | 6040 
7100 | 6950 | 6010 | 6370 
| 6860 | 6460 | 6500 | 6100 
fee 6870 | 7270 | 6890 | 6520 
ee 6690 | 6810 | 6330 | 5200 
6530 | 6710 | 6040 | 5920 
Average....... 6890 | 6840 | 6410 | 6000 


Average varia- 
tion, per cent..| 2.3 | 2.5 | 4.7] 4.6 

Maximum varia- 
tion, per cent 5.2 6.3 7.5 | 13.3 

Coefficient of 
variation, per 
ate 2.9 3.2 5.2 6.2 


All cylinders were continuously moist cured 
and tested at 25 days. 

@ Depressions in rough tops were 1¢ to 4 in. 
Smooth tops were trowelled and smooth bot- 
toms were 0.002 to 0 004 in. out of planeness, 
prior to capping. 

> Age of caps at time of test: 

High-alumina cement. . 24 hr+ 
Plaster of Paris... . 3 hr 
Type A gypsum plaster and type 

A sulfur cement 2 to 3 hr 

Quality Control of Materials (ASTM 
STP No. 16C). 
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of the cylinder that will be sufficient to 
permit the molten capping material to 
enter and fill the space completely with- 
out entrapping air by too rapid cooling. 

Sulfur cement caps made with the 
vertical capping device used in the 1956 
series of tests varied in average thick- 
ness from jg to } in. In many cases, air 
voids were found between the cylinder 
and cap because air was trapped in the 
molten sulfur cement when the end of a 
cylinder was placed therein. 

All cylinders were tested in a hydraulic 
testing machine of 400,000-lb capacity. 
The face of the upper spherical bearing 
block was within 0.0004 in. of planeness 
and the face of the lower bearing block 
was within 0.0001 in. The top and 
bottom bearing faces had a Rockwell 
hardness of C 60+. Cylinders were 
loaded at the rate of 55,000 Ib (total load) 
per min, and the controls of the testing 
machine were not adjusted while a 
cylinder was yielding rapidly imme- 
diately before failure. 

Prior to making tests for compressive 
strength in the 1953 series, the surface of 
each capped end of a cylinder was 
checked with a surface gage shown in 
Fig. 4. Another type of gage and surface 
plate used to check the _ planeness 
caps on cylinders tested in the 1956 se- 
ries is shown in Fig. 5. The surface 
plate is made of granite and is plane 
within 0.0001 in. 


RESULTS OF TESTS FOR 

COMPRESSIVE STRENGTH 
The results of compressive strength 
tests made in 1949 on concrete cylinders 
of high-strength concrete are shown in 
Table IV. Results of tests made in 1953 
are shown in Tables V and VI for high- 
and low-strength concrete respectively. 
The results of tests made in 1956 to 
determine the effect of the method used 
in capping cylinders with a sulfur ce- 
ment are given in Table VII. These last 
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tests were made only on high-strength 


concrete. 


In each series of tests, the uniformity 
of the compressive strengths as affected 
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No. 15C, and Recommended Practice for 
Evaluation of Compression Tests Re- 
sults of Field Concrete, Journal, Am. 
Concrete Inst., July, 1957, Vol. 1, No. 29) 


TABLE V.—COMPRESSIVE STRENGTHS OF HIGH-STRENGTH 
CONCRETE—6 BY 12-IN. CYLINDERS—1953 SERIES. 
High- | Type A | Type B Plaste A eB 
Before Capping | Round Numbers; Cement | Plaster | Plaster Ca ; | Cement | Cement | Cement | per cent 
Caps, psi (Caps, psi |Caps, psi | PS! Cans, psi |Caps, psi Caps, psi |Caps, psi 

Nos. 1-1 7820¢ | 7250 6290 3970 4070 6340 6390° | 46102 
Nos. 2-1 7600* | 7270 5970* | 4350 40907 | 6990 5870% | 5160 
Rough Nos. 3-1 7230 7820 6170 4410 3080 6950" | 6310 5680 
Nos. 1-2 7450 7270 62107 | 3920 4690 6430 4830 
ee Nos. 2-2 7690 7400 5920 4710 4690 6030¢ | 4140° 4790° 
ere Nos. 3-2 7470 7200 59207 | 3740 4420 61807 | 4700° | | 4920" 
Se Nos. 1-3 7720 6850 5410 4280 4850 63507 | 4870’ | 5470 
a Nos. 2-3 7850 6790 5500 4730 4910 6370 5810’ | 5630 
OS eee Nos. 3-3 7420 6860 5280 4600 5310 6350 5980? | 5270 

7580 7190 5850 4300 4460 6440 5430 5310 
Average variation, per cent... 2.3 3.3 7.4 6.7 10.8 3.6 13.1 7.6 
Maximum variation, per cent.| 4.6 8.8 9.7 10.0 30.9 8.5 23.8 18.1 
Coefficient of variation, percent| 2.6 4.3 5.9 7.8 13.7 4.7 14.0 9.2 
Smooth........ Nos. 4-1 6690 6490 6370 5770 5090 6450 60207 | 5840 ‘ 
Smooth........ Nos. 5-1 7570 6950 6620 5490 4990 6550 60107 | 5980 . 
Benooth. .....5. Nos. 6-1 7480 6620 6680 5430 5840 6500 59407 | 5540 
Smooth........ Nos. 4-2 6200 7010 6330 6060 5870 6270 52107 | 5980 
Smooth........ Nos. 5-2 7390 7050 6640 6120 5080 6890 5750* | 63907 ) 
Smooth........ Nos. 6-2 6990 6830 64907 | 4650 5060 6660% | 5570* | 5290 ta 
Smooth........ Nos. 4-3 7360 6990 63807 | 5470 5400 6640 6010" | 6140 — 
Smooth........ Nos. 5-3 7160 67602 | 6190 5140 5950 64207 | 6150¢ | 5580 
Smooth........ Nos. 6-3 7400 7290 6160 5470 5640 6560 4880 6580 

7140 6890 6430 5510 5440 6550 5730 5920 
Average variation, per cent. . . 4.8 2.7 2.5 5.7 6.4 1.9 5.9 5.4 
Maximum variation, per cent. | 13.2 5.8 4.2 15.6 9.4 5.2 14.8 1.3 
Coefficient of variation, percent} 5.9 3.3 2.8 6.8 2.5 ¥.% 6.6 


Cylinders were continuously moist cured and sented at 28 days. 


Depressions in rough ends of cylinders were } 


and smooth bottoms were 0.002 to 0.004 in. out of planeness. 


Age of caps at time of test: 
High-alumina cement 


2 One cap of cylinder 0.0015+ out of planeness. 
>’ Two caps of cylinder 0.0015+ out of planeness. 


by the use of each capping material or 
the end condition of the cylinders was 
calculated. On the assumption that a 
coefficient of variation (see ASTM 
Manual on Quality ASTM STP 


Plaster + portland cement—24 hr, plaster of Paris. . . 
Types A and B gypsum plasters and types 


A and B sulfur cements, sulfur 


& to 14 in. Smooth tops of cylinders were trowelled 


24hr+ 


3 hr 


2 to 3 hr 
of 7 per cent or less indicates satisfactory 
duplication of test results for specimens 
made, cured, capped, and tested in the 
laboratory, the results obtained with 
each capping material were aameeies for 
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TABLE VI.—COMPRESSIVE STRENGTHS OF LOW-STRENGTH fiche 
CONCRETE—6 BY 12-IN. CYLINDERS—1953 SERIES. : 


| | | 
} High- | Type A | Type B |Plaster +| T- A | Type B | Sulfur 
Cylinder Ends | Batch and Alumina | Gypsum | G Plaster 100 


‘Portland ulfur | Sulfur 
Before Capping Round Numbers Cement Plaster | Plaster Ic ;| Cement | Cement | Cement. cent, 
Caps, psi |Caps, psi |Caps, psi | ~“*PS* PS' Caps, psi |Caps, psi Caps, psi |Caps, psi 

ee Nos. 1-1 2190 2030 | 2140¢ 1840 | 2130 2330° | 2150’ | 2240° 
ee Nos. 2-1 2160 2260 | 2030 2110 | 2070 2360 2310° | 2150? 
Ser Nos. 3-1 2190 2040 | 2000 1980 | 1850 2050 2090 | 1930 
See Nos. 1-2 2120 2330 | 2130 1890 | 2200 21607 | 20602 | 2090° 
re Nos. 2-2 2290 2090 | 2140 2020 | 2320 2360 2200 22702 
SS ea Nos. 3-2 2340 2190 | 2120 1960 | 2260 20807 | 2080 20502 
Nos. 1-3 2120 2150 | 21502 2040 | 1960 2340 22507 | 2190° 
ES Se Nos. 2-3 2370 2360 | 2340 2250 | 2070 2570* | 2380° | 2310° 
Te Nos. 3-3 2250 2020 | 2240 1870 | 1930 2370’ | 23707 | 2190° 

wih 2230 2160 | 2140 2000 | 2090 2290 2210 2160 
Averagé variation, per cent. . 3.5 5.0 3.1 4.9 6.0 §.7 4.7 4.2 
Maximum variation, per 

6.3 9.3 9.3 12.5 11.5 12.2 10.6 
Coefficient of variation, per 

3.9 5.7 4.5 6.1 7.1 6.8 5.3 5.2 
Smooth........ Nos. 4-1 1950 1800 | 1800 1780 1860 1920 2020 1960° 
Smooth........ Nos. 5-1 2130 2060 | 2060° 1920 | 1850 1850 2010 1860° 
Smooth........ Nos. 6-1 2300 2020 | 2160 1820 | 1930 2140 2040 2150° 
Smooth........ Nos. 4-2 2210 2110 | 21702 1990 | 2140 1930 2020 | 2260° 
Smooth........ Nos. 5-2 2240 2230 | 2120 2060 | 1950 2090 2090 19002 
Smooth........ Nos. 6-2 2140 2010 | 1970 2070 | 2180 1950 1990 1940° 
Genseth.:......: Nos. 4-3 2230 2380 | 2230 2080 | 2230 2400 24307 | 2190° 
Smooth........ Nos. 5-3 2490 2140 2310 2010 2180% | 2440 22307 | 25007 
Smooth........ Nos. 6-3 2160 2260 2230° 1920 1920 2160 2220 20907 

2210 2110 2120 1960 | 2030 2100 2120 2090 
Average variation, per cent. . 4.4 5.9 5.4 4.6 6.8 7.9 5.5 ee 
Maximum variation, per 

12.7 14.7 | 15.1 9.2 9.9 16.2 14.6 19.6 
Coefficient of variation, per 

6.2 7.5 | 6.9 5.3 9.5 6.5 9.4 


Cylinders were continuously moist cured and tested at 28 days. 
Depressions in rough ends of cylinders were '¢ to 4 in. Smooth tops of cylinders were trowelled 
and smooth bottoms were 0.002 to 0.004 in. out of planeness. 


Age of caps at time of test: 


Plaster + portland cement—24 hr, plaster of Paris...................c.eee000- 3 hr 
Types A and B gypsum plasters and types A and B sulfur cements, sulfur........ 2 to 3 hr 


@ One cap of cylinder 0.0015+ out of planeness. 
> Two caps of cylinder 0.0015+ out of planeness. 


uniformity. In the 1949 series, only the but those tested in 1956 had satisfactory 
cylinders of high-strength concrete, with reproducibility. To summarize these 
rough tops, and capped with plaster of — results with respect to capping material 
Paris had coefficients of variation in only, the following values are given 
excess of 7 per cent. In the 1953 series, a for all sets of specimens. These values 
number of individual sets of specimens _ refer to the number of sets of specimens 
showed a high coefficient of variation, capped with a single material and 
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TABLE VII.—COM PRESSIVE STRENGTHS 
OF HIGH-STRENGTH CONCRETE—6 BY 
12-IN. CONCRETE CYLINDERS—1956 
SERIES. 


Smooth Cylinder Tops and Bot- 
toms* Cap with 
Mixin 
Days’ | Batch | sigh Satur 
Alumina ment Cement 
Cement, | Capped Capped 
psi Horizon- |Vertically, 
tally, psi psi 
(6130 ii 5830 
No. 1 46310 5910 6090 
(6030 5970 6140 
6560 | (6180 (6410 
ere No. 2 6370 | 6130 6170 
6490 | (6190 6340 
6480 | {5750 6410 
Baxsicae No. 3 6380 6080 6340 
6490 6120 6140 
6370 | (6140 | (6250 
ARES ee No. 1 6370 5910 6390 
{6170 [5800 6270 
5990 5900 
6050 
( 6320 5270? 6460 
hls No. 3 6390 5360° | 46200 
| 3290 6220 6540 
6020 5450 5970 
Bribes No. 1 5850 5340 5660 
6080 5470 5930 
5990 5940 6150 
ae No.2 | +6340 5070 5880 
| (5870 5050 | (5910 
| 6150 5790 5910 
eres No. 3 6100 5420 | {5950 
6340 5960 5960 
Average...... 6230 5830 6120 
Average variation, 
per cent....... 2.8 4.5 3.2 
Maximum varia- 
tion, per cent... 6.1 13.4 7.5 
Coefficient of | 
variation, per 
3.1 5.7 | 3.7 


Cc ylinders were continuously moist cured 
and tested at 28 days. 

Age of caps at time of test’ = 
sulfur cement, 
ment. 


“Smooth tops were trowelled, 


2 to 3 hr for 
24 hr + for high alumina ce- 


bottoms of 


cylinders were 0.002 to 0.004 in. out of plane- 
ness before capping. Age of sulfur cement caps 
at testing was 2 to 3 hr. 

» Not averaged, cylinders split on testing. 

© Not averaged, cylinder cap flowed. 
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showing a coefficient of variation in 
excess of 7.0 per cent: 

High-alumina cement: 0 of 7 sets 

Type B gypsum plaster: 0 of 5 sets 

Type A gypsum plaster: 1 of 6 sets 

Type A sulfur cement: 1 of 7 sets 

Type B sulfur cement: 2 of 4 sets 

Sulfur: 2 of 4 sets 

Plaster of Paris: 3 of 6 sets : 

Plaster and portland cement: 3 of 4 sets 

From the above, it appears that it may 
be more difficult to obtain uniform 
strengths with specimens capped with 
plaster of Paris, a combination of plaster 
of Paris and portland cement, type B 
sulfur cement, and sulfur than with the 
other capping materials. Since all of 
the caps were prepared by experienced 
laboratory technicians, it is believed that 
the reasons for the greater variability of 
the specimens capped with these four 
materials lie in the characteristics of 
the materials such as thermal or moisture 
volume change and rate of setting. It 
will be observed that many of the caps 
of type B sulfur cement or sulfur on the 
specimens tested in 1953 were over 
0.0015 in. from planeness. Since some 
caps that were nearer to planeness were 
prepared with these materials and since 
all caps were prepared using the same 
equipment, it is suggested that a high 
thermal volume change of some ma- 
terials containing sulfur may prevent the 
attainment of satisfactory caps as is 
possible with other materials. 

The principal items of interest in these 
tests are the very marked differences 
between the strengths of specimens of 
high-strength concrete when capped with 
different materials and the smaller 
differences between the strengths of 
specimens of low-strength concrete when 
capped with the same materials. Tables 
VIII and IX and Figs. 6 and 7 present 
summaries of the results of this in- 
vestigation. With respect to high- 
strength concrete, it is seen that speci- 
mens capped with high-alumina cement, 
type A high-strength gypsum plaster, 
and type A sulfur cement (applied with 
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TABLE VIII.—SUMMARY OF STRENGTH RESULTS. 


bd et Average Compressive Strength of Cylinders, psi 
ea 5 Capping Material High Strength Concrete Low Strength Concrete 
Rough Ends | Smooth Ends Rough Ends Smooth Ends 

1949 tests 

High-alumina cement................ 7000 6890 

Gypsum plaster, type A.............. 6800 6840 

Gypsum plaster, type B.............. aa 6410 

Sulfur cement, type A............... 6730 warts 

1953 tests 

High-alumina cement................ 7580 7140 2230 2210 

Gypsum plaster, type A.............. 7190 6890 2160 2110 

Gypsum plaster, type B.............. 5850 6430 2140 2120 

4300 5510 2000 1960 

Plaster of Paris + cement............ 4460 5440 2090 2030 

Sulfur cement, type A*............... 6440 6550 2290 2100 

Sulfur cement, type B*............... 5430 5730 2210 2120 

| 5310 5920 2160 2090 
1956 

High-alumina cement................ 6230 

Sulfur cement, type A%............... 5830 

Sulfur cement, type A®............... 6120 


* Capped horizontally in Nardiello device. 


> Capped vertically. 


TABLE 


IX.—RELATION OF STRENGTH RESULTS. 


Reduction in Average Strengths of Cylinders} | 
> or = High Strength Low Strength Smooth Ends 
a B,! Capping Material Concrete Concrete Rough Ends 
— 

Rough | Smooth Rough Smooth Low High 
Ends, Ends, Ends, Ends, Strength | Strength 
per cent | per cent | per cent | per cent | Concrete | Concrete 
1953 tests 
High-alumina cement............... 0 0 0 0 0.94 0.99 
Gypsum plaster, type A............. 5.1 3.5 3.1 4.5 0.96 0.98 
Gypsum plaster, type B............. 22.8 | 9.9 4.0 4.1 1.10 | 0.99 
43.3 | 22.8 10.3 | 11.3 1.28 | 0.98 
Plaster of Paris + portland cement...| 41.2 | 23.8 6.3 8.1 1.22 0.97 
Sulfur cement, type A (caps applied 
15.0 8.3 +2.7 5.0 1.02 0.92 
Sulfur cement, type B (caps applied 
28.4 19.7 0.9 4.1 1.06 0.96 
1956 tests . 
High-alumina cement............ 0 
Sulfur cement, type A (caps applied : 
horizontally) 6.4 
Sulfur cement, type A ‘(caps ‘applied @ 
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the specimens in a vertical position) 
gave essentially the same compressive 
strength. Specimens capped with type B 
sulfur cement, sulfur, plaster of Paris or 
a mixture of plaster of Paris and port- 
land cement gave strengths from 20 to 
43 per cent below those for the specimens 
capped with high-alumina cement. 

Greatly different results were obtained 
in the tests of the specimens of low- 
strength concrete. The lowest strengths 
obtained were only 11 per cent less than 
the standard strengths of similar cyl- 
inders with caps of high-alumina cement. 
Specimens prepared with five of the 
seven’ capping materials differed in 
strength by only 5 per cent or less from 
the standard strength. 

The results reported here show that 
the choice of capping material for 
concrete cylinders is of great importance 
when high-strength concrete is tested. 
In these tests, the high-strength con- 
crete had a strength of 7000 psi, but it is 
expected that specimens having strengths 
of 5000 psi or more would show a similar 
behavior. 

With high-strength concrete, the use 
of caps prepared from high-alumina 
cement, type A high-strength gypsum 
plaster, or type A sulfur cement is found 
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DISCUSSION 


S. B. Hetos! (presented in written 
form)—Good capping materials and 
testing practices are essential in making 
compressive strength tests of concrete 
according to ASTM Method C 39? 
Certainly we are all indebted to Mr. 
Werner and the Bureau of Public Roads 
for this comprehensive report of what 
seems to be a continuing investigation of 
methods of capping specimens. The 
capping provisions now in ASTM 
Methods C 31 and C 192,3 for making 
strength test specimens, were incor- 
porated as revisions in 1949 after the 
results of the Bureau of Public Roads 
1949 series were made available to 
Committee C-9. Since that time only 
minor changes have been made to 
clarify the intent of these provisions. At 
present the specifications permit only 
sulfur mix caps, or high-strength gypsum 
caps, to be applied to concrete cylinders 
less than 18 hr before testing. 

The author lists G. E. Troxell’s paper 


1 Research Engineer, Lehigh Portland Ce- 
ment Co., Research Laboratory, Allentown, Pa. 

2 Tentative Method of Test for Compressive 
Strength of Molded Concrete Cylinders (C 39 - 
56 T), 1958 Book of ASTM Standards, Part 4. 

3 Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the 
Field (C 31 — 57), 1958 Book of ASTM Stand- 
ards, Part 4. 

Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the 
Laboratory (C 192-57), 1958 Book of ASTM 
Standards, Part 4. 
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Concrete Cylinders,” Proceedings, Am. 
Soc. Testing Mats., Vol. 41, p. 1038 (1941). 

(14) T. B. Kennedy, “A Limited Investigation of 
Capping Materials for Concrete Test 
Specimens,” Journal, Am. Concrete Inst. 
Vol. 16, No. 2, Nov. 1944. 

(15) Frank M. Masters, Jr. and A. C. Loewer, 
Jr., “The Effect of Capping Materials on 
Apparent Strength of Concrete Specimens,” 
Concrete, Vol. 60, No. 11, Nov. 1952. 

(16) S. Ahmed, “Effect of Capping on the 
Compressive Strength of Concrete Cubes,” 
Magazine of Concrete Research (Great 


as a reference and the accompanying 
Table X is a reproduction of tabular 
summary from E. N. Vidal’s (1)° dis- 
cussion of the Troxell paper. Each value 
is an average strength for sixty 6 by 12- 
in. concrete cylinders tested at ages of 7, 
28, and 90 days. Additional details of 
these tests are given in Table 64 of Bulle- 
tin 4, ‘‘Mass Concrete Investigations’ — 
Boulder Canyon Project (2). Some ad- 
vantages in using sulfur mixtures for 
capping (provided suitable melting and 
ventilating equipment is employed) are 
convenience, speed, and a_ negligible 
effect on the moisture content of the 
specimen. Vidal pointed out that an 
economical sulfur mixture prepared in the 
laboratory would eliminate the need for 
salvaging the capping mixture. This fact 
has been stated more recently by 
McDonell (3) in February 1955 issue of 
ACI Journal. Practices of salvage and 
reuse of sulfur mixture should be investi- 
gated and evaluated. Reheating salvaged 
sulfur cement which contains a plasti- 
cizer may result in inferior caps if con- 
taminated by oil. 

Tests of specimens with ends ground 
plane provides a standard of comparison 
which has been adopted in some of the 


‘See reference (13) of the author’s paper. 

5 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1186. 
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TABLE X.—EFFECT OF END CONDI- 
TIONS ON STRENGTH OF 6 BY 12 IN. 
CYLINDERS. 

Results presented in Vidal discussion of Troxell 


paper.® 
2. s Coefii- 
Capping Method |Age of Cap} © § 25 | Varia- 
Se 
25 tion, 
& a per cent 
ground 
oS 4030 | 100 6.2 
Portland ce- 
ment’....... 4030 | 100 73 
Sulfur mix..... 30 min | 4070 | 101 5.7 
Lumnite 
24 hr 4090 | 101.5) 5.5 
Plaster........ 4hr 3890 97 6.4 
Plaster-cement.| 4 hr 3930 97.5) 6.1 


® Proceedings, Am. Soc. Testing Mats., Vol. 
41, p. 1046 (1941). 
® Capped 2 hr after molding cylinder. 
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of a vertical capping device in our labora- 
tory. 

The advantages of thin caps are well 
known. Table VII in the author’s paper 
points to the advantages of sulfur mix 
caps applied using the “vertical” cap- 
ping technique. This is particularly true 
for high-strength concrete specimens. 
Figure 8 is a diagrammatic interpreta- 
tion of test data obtained at our labora- 
tory by A. L. Bowman submitted to in- 
terested members of Committee C-9 in 
1954. These curves were drawn by in- 
spection through the plotted points of 
individual specimens; it is of interest 
that there was practically no scatter 
from the solid line representing Vitro- 
bond. This chart indicates that cap 


ef 
20 000 
a Sf 
Vitrobond 
2.0 1.0 05 025 


tables in this discussion. The sulfur mix 
capping material used in our laboratory 
was described in a brief article by H. G. 
Collins (4) which appeared in the June 
1941 ACI Journal. Our laboratory-pre- 
pared mixture consists of 6 parts sulfur, 
3 parts fine banding sand, and 1 part fly 
ash melted at about 275 F. Since 1941, 
when this article and the Vidal discussion 
were published, we have been applying 
relatively thin sulfur mix caps by means 


Height or Thickness of Sowed Specimen, in. 


; Fic. 8.—L/D Effect for Capping Materials. 
_ Tests of sawed sections of 2 by 4-in. cylinders. 


about §-in. thick made with these ma- 
terials would be satisfactory for high- 
strength concrete. 

The accompanying Tables XI to XV 
cover five brief comparisons conducted 
during the period since February 1957 
to reappraise and evaluate our capping 
procedure which is based on the labora- 
tory prepared sulfur mix defined earlier. 
Some information on Vitrobond may be 
obtained by study of the paper by A. C. 


j 


Loewer et al (5) and their cited references. 
Vitrobond contains a plasticizer and 
cube or cylinder specimens of this 
capping material exhibit a bulging effect 
before failure; specimens of the sulfur 
mix containing granular material do not 
yield and fail suddenly by shattering. 


PROPERTIES OF CAPPING 
MATERIALS—1951. 


Compres- 
sive 
Strength, Sonic Modulus of 
by 4- Elasticity, 2 by 2 
in. Cylin- by 10-in. bar, psi 
ders, psi 
Vitrobond, 2 hr...} 4960 (1 hr) | (18 hr) 
1.46 1.84 
Sulfur mix, 2 hr...| 6720 (1 hr) | (18 hr) 
1.82 1.90 


‘Lable XI is the only illustration show- 
ing more than one test specimen for 
each variable. In this single batch test 
comparison the intent was to make all 
specimens alike and the subgroups were 
selected by a system of randomizing. 
Despite this, a human element could 
have been involved since al! specimens 
were not molded by one operator. Note 
that by deleting the second value from 
each column we could obtain respective 
averages of 5710 and 5750 which is an 
identity. However, it was preferred to 
report all the data for proper perspective. 

In the succeeding illustrations no 
results could be excluded, even if a cap 
were faulty, since we molded only one 
specimen (afterwards taken at random) 
for each type cap. These examples are 
easy to examine and the comparison of 
different cappings may be made by 
inspection of each group. 

Table XII contains the results of a 
demonstration test comparison arranged 
at short notice. The tests were also 
arranged to show the effect of using paper 
molds (requiring two caps) as well as 
identifying the operator who molded 
each specimen. Although representative 
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TABLE XI.—SINGLE BATCH TEST. 

34-in. maximum size gravel aggregate con- 
crete cured 28 days, compressive strength of 
3 by 6-in. concrete cylinders, psi. 


Top End Condition* 
6040 | 5870 
Each specimen sawed to 5210 5930 
height, 5.75 in.......... 5160 | 5300 
5810 | 5870 
5840 | 5950 


* Molded in plane-bottom steel molds. 


TABLE XII.—SINGLE BATCH TEST. 
34 in. maximum size gravel aggregate concrete 
cured 5 days, compressive strength, psi. 


6 By 12 1n. ConcrRETE CYLINDERS 


Steel | Paper 
Capping Method | Age of | Mold | Mold — 
Cap Top Two oxshee 
Capped| Caps 
Type III ce- 
ment........| 24hr | 3820 | 3820 I 
Sulfur mix..... 2hr | 4010 | 4160 II 
Vitrobond..... 2hr | 4030 | 3660 I 
Hydrostone.... 4hr | 4040 | 3960 II 
Average....... 3975 | 3900 


CoMPANION 3 BY 6 IN. CYLINDERS—STEEL 


Mo ps 
Top sawed, | 
ground plane. 4270, 
4280 
Sulfur mix cap. 2hr /|4460, 
4270 


of only one specimen for each variable, 
these data bear a remarkable resem- 
blance to the averages for 60 specimens 
which were shown in the reproduction of 
Vidal’s summary (1). Since the maximum 
size of gravel was # in. it was possible to 
make smaller companion specimens in 
3- by 6-in. molds and compare sulfur 
mix caps with ends ground to meet the 
planeness requirements of the specifica- 
tions. These were supplemental data— 
four specimens molded by one operator. 
In Table XIII results are shown for 


. 
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3- by 6-in. cylinder specimens. The tests 
in all these illustrations are representa- 
tive of specimens with smooth ends as 
made under laboratory and not field 


DISCUSSION ON COMPRESSIVE STRENGTH OF CONCRETE 


column were: ground plane 96.0, sulfur 
mix 101.8, Vitrobond 99.3, and Hydrocal 
102.8 per cent. Similar computation of 
average relative strengths, using aver- 


* Loose cap removed, replaced with sulfur mix cap. 
*’ Numbers in parentheses indicate strength value not applicable to Hydrocal. 


TABLE XIV. 


SINGLE BATCH TESTS. 


>. 
TABLE XIII—COMPARISON OF CAPPING MATERIALS. 
oa ame» 34 in. maximum size gravel aggregate concrete cured 7 days, 
compressive strength of 3 by 6-in. concrete cylinders, psi. 
Capping Method........... : ia Plane| Sulfur Mix | Vitrobond Hydrocal Average 
Molded by Operator........... A B A B 
Borrom Stee, Moitps—Tor Cappep 
4490 | 4930 4680 | | 4750 
5310 | 5390 5310 (5430)*: 5360 
Average, steel molds.............. 5140 | 5290 5220 5290 Roe 
PARAFFINED Paper Moips—Botu Enps Cappep 
Batch A. 4330 | 4620 4350 46607 4490 
Average, paper molds............. 4670 5060 4910 5170 eae 


1'4 in. maximum size limestone aggregate concrete at 2 ages, 
compressive strength of 6 by 12-in. concrete cylinders, psi. 


Cured 7 Days 


| 


Cured 21 Days 


Age of Cap — 
~ '(® ie a | Steel Mold | Paper Mold | Steel Mold | Paper Mold 
le? Top Capped | Two Caps |Top Capped | Two Caps 
Molded by Operator........... I Il I Ill 
Capping Method 
2hr 4870 4420 6060 5230 
4hr | 4480 4480 5800 5690 
| 4590 4640 5940 5400 


* Cap not thoroughly bonded to specimen. 


conditions, and all caps were applied by 
means of the vertical capping device. To 
determine relative strengths, the average 
of the 4 specimens on each line was 
utilized. When summarized, the average 
relative strengths for six levels in each 


= 


ages of various groups of specimens of 
Boulder Canyon Project data (Table 64), 
yielded the same relative strengths as 
listed in Vidal’s summary. (NoTE:— 
Data of individual specimens capped 
with plaster-cement seemed 


inappro- 


priate and were excluded from the analy- 
sis.) 

Average values for both steel and 
paper molds in Table XIII indicate that 
the three capping materials resulted in 
comparable strength values for a 5000 
psi concrete. Since these data applied to 
3 by 6-in. cylinders we were prompted 
to make a similar evaluation, by single 
batch tests, molding 6 by 12-in. cylinders 
under closely controlled laboratory 
conditions. However, the performance 
of well-paraffined paper molds was stud- 
ied in each case. 


types of capping material are equal in 
performance. Interesting observations 
could be made about the suitability of 
the paper molds. Also, if capping both 
ends has an effect it can be noticed in 
these comparisons; this may have been 
a contributory factor in the tests of 21- 
day compressive strength. The “paper 
mold effect” would be more clearly de- 
fined if all specimens on each line were 
molded by the same operator. 

Table XV is representative of every- 
day concrete produced commercially. 
All specimens were made in paraffined- 


TABLE XV.—COMPARISON OF CAPPING MATERIALS. 


1 in. maximum size gravel 


aggregate concrete at 2 ages, 


compressive strength of 3 by 6-in. concrete cylinders—paper molds. 


Capping Method.............. Sulfur Mix | Vitrobond Hydrocal | Hydrostone Average 
2 hr | 2hr ‘hr 4hr | 
Curep 7 Days—Botu Enps Caprep 
| 
| 2100 2100 2040 2160 2100 
at 2790 | 3140 2880 2680 2870 
Curep 28 Days—Botn Enps Caprep 
| 3650 3780 3610 3870 3730 
| Molded by Bf 4630 4660 4650 4680 4660 
Average each type cap.............. 3290 3420 3300 3350 


Table XIV includes the results of a 
planned program comparing four capping 
materials on large cylinders made in two 
types of molds with strength levels 
governed by the curing time. By inspec- 
tion it may be observed that similar 
values were obtained for each type of 
capping material—especially when it is 
realized that these are data of individual 
specimens. Relative strengths were de- 
termined for each specimen based on the 
average shown in each column. The 
average relative strengths for the various 
cappings were: sulfur mix 100, Vitro- 
bond 100.5, Hydrostone 99.5, and Hydro- 
cal 100 per cent. Thus, at the levels of 
this experiment, it appears that the 4 


paper molds and capped on both ends. 
The near-equality of results with each of 
four types of capping material is appar 
ent. 

Based on these tests, the reports of 
separate studies, and the reported ob- 
servations of others, some concluding 
thoughts may be worthwhile: 

1. The findings of the Bureau of Public 
Roads should be followed. These results 
are valued highly and should be utilized 
by Committee C-9. 

2. Each laboratory should make check 
determinations of capping material 
at reasonable intervals to insure against 
inferior caps. 

3. It appears that some comparisons 
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of vertical sulfur capping devices should 
be conducted to determine the effect of 
heating a recessed metal plate. There is a 
possibility that this factor could affect 
the planeness of cap. 

4. Horizontal devices should be used 
with caution in capping high-strength 
concrete with sulfur mix. 

5. The author’s data show that greater 
attention should be given to planeness 
of cap, that planeness of capping plate 
does not necessarily insure that the cap 
is also plane. 

6. We believe that any type cap should 
be securely bonded to the specimen. 

7. The question arises, why was the 
statement permitting use of specimens 
with ground ends deleted from Methods 
C 31 and C 192 in 1949? The present 
requirements, in Methods C 31, Section 
6(a) and in Methods C 192, Section 
10(a), can be interpreted as permitting 
grinding of the ends of cylinders to meet 
planeness requirements (6), and 

*8. An optional procedure is needed for 
occasional testing of high-early-strength 
and steam-cured concrete promptly on 
arrival at the laboratory. It is possible 
that a moderate priced machine could be 
developed for grinding the ends of test 
cylinders to meet the planeness require- 
ments. 

Mr. GeorGE WERNER (author’s clos- 
ure).—Mr. Helms’ discussion adds much 
information to that furnished in the 


DISCUSSION ON COMPRESSIVE STRENGTH OF CONCRETE 


paper. His data indicate that cylinders 
with caps of sulfur cement or high- 
strength gypsum have, in many cases, 
strengths equal to or in excess of 
strengths of similar cylinders with 
hydraulic cement caps or with ground 
bearings. His discussion also calls at- 
tention to the common practice of using 
“home-made” sulfur cements instead of 
those that are sold commercially. 

It appears that the use of sulfur ce- 
ments for capping is increasing and 
therefore among Mr. Helms’ concluding 
thoughts, No. 2 is appropriate. The use 
of sulfur mixtures that contain a plasti- 
cizer and which flow under load should 
be discouraged. Likewise, caps of home- 
made or commercial materials that warp, 
crack, or are not bonded to the concrete 
cylinder are unsuitable. 

Mr. Helms’ discussion of ground or 
lapped bearings on cylinders is timely. 
This method was not discussed in the 
author’s paper and could be considered 
for testing cylinders in compression for 
research purposes because it eliminates 
any effect on strength that might be 
caused by a capping material. 

The author’s paper and the discussion 
leave some questions regarding the use of 
capping materials unanswered. It is 
hoped that their data will cause a suffi- 
cient interest to justify additional tests 
by other laboratories. 
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SHEAR STRENGTH AND ELASTIC PROPERTIES OF SOIL-C EME NT 
MIXTURES UNDER TRIAXIAL LOADING* 


Sir 


BALMER! 


SYNOPSIS 


Triaxial shear results are presented in this paper from laboratory tests on 
cylinders molded from two granular and two fine-grain soils mixed with various 
_ amounts of portland cement at optimum moisture and maximum density as 
determined by ASTM Method D 558.2 The cement content of these speci- 
mens was varied from zero to a percentage higher than that required to meet 
criteria for hardened soil-cement based on ASTM Wetting-and-Drying Test 
D 559° and Freezing-and-Thawing Test D 560.4 Most of the specimens were 
cured 7, 28, and 90 days in a moist room at 73 F and tested triaxially in a 
moist condition. 

Test procedures were developed to determine the shearing strength and 
the deformation of the specimens under triaxial load. The analyses of the 
test results showed that the coefficient of internal friction was relatively 
constant for cement-treated specimens of each soil regardless of cement con- 
tent and age. Values averaged 0.96 for the granular and 0.73 for the fine-grain 
soil-cement mixtures. Cohesive strengths at age 28 days ranged from about 
35 to 530 psi and depended upon cement content and type of soil. 

The modulus of elasticity computed from the deformation measurements 
increased with cement content; average values at age 28 days varied from 
about 100,000 to 2,000,000 psi for the granular soil-cement mixtures and from 
about 260,000 to 760,000 psi for the fine-grain mixtures. Average values of 
Poisson’s ratio seemed to be independent of cement content and age and 
varied between 0.05 and 0.20. 


This paper covers one phase of an ex- 
tensive laboratory investigation of the 


cement mixtures. Previous publications 
(1,2,3)° have presented some of the re- 


structural and physical properties of soil- 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

' Development Engineer, Portland Cement 
Assn., Chicago, Ill. 

2 Methods of Test for Moisture-Density Rela- 
tions of Soil-Cement Mixtures (D 558 — 57), 
1958 Book of ASTM Standards, Part 4. 

% Methods for Wetting-and-Drying Tests of 
Compacted Soil-Cement Mixtures (D 559 — 57), 
1958 Book of ASTM Standards, Part 4. 

* Methods for Freezing-and-Thawing Tests of 
Compacted Soil-Cement Mixtures (D 560 — 57), 
1958 Book of ASTM Standards, Part 4. 


sults of experimentation on moisture- 
density, durability, compressive strength, 
flexural strength, and dynamic and static 
elastic properties. Other investigators 
(4,5) have also contributed to the de- 
velopment of this construction material 
by analyzing elastic behavior and tri- 
axial strength. Studies are now in prog- 

5 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1203. 
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ress on volume change due to moisture 
and temperature changes and on the 
load-supporting characteristics of soil- 
cement pavements. An intimate knowl- 
edge of these physical and structural 
properties will improve construction 
practices and lead to rational design pro- 
cedures. 

An important phase of this study was 
the development of methods for making 
triaxial compression tests on specimens 
of soil-cement mixtures and for measur- 
ing axial and lateral deformations while 
the specimens were under load in the 
lateral pressure liquid. The loading data 


TABLE 
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I.—GRADATION, LIQUID LIMIT, AND PLASTICITY INDEX OF SOILS. 


mations were reduced to strains to com- 
pute the elastic properties of the mix- 
tures. 

The triaxial tests were made on soil- 
cement mixtures molded from four dif- 
ferent soils typical of materials available 
for road and runway base construction. 
Cement contents used with these soils 
ranged from 0 to 16 per cent, and thus 
the data cover a wide range in shear 
values representing many cement-treated 
soils. 

Both strength results and deformation 
characteristics as obtained from triaxial 
tests have been advocated as criteria in 


Per Cent by Weight 


Sand No. 10 to Me. 40... 
Sand No. 40 to No. 200................ 
Silt No. 200 to 0.005 mm............... 
Clay minus 0.005 mm.................. 
Liquid limit 
Plasticity index 


not plastic | 
A-1-b(0) 


Soil No. 6, Soil No. 7, Soil No 8, 
Sandy Loam Silt Loam 
20 0 1 
39 6 
12 79 69 

7 13 22 
not plastic 7 9 
A-2-4(0) A-4(8) A-4(8) 


@ AASHO Designation M145-49.® 


were used to determine the shearing 
strength of the materials by obtaining 
the cohesive strength and the coefficient 
of internal friction of each respective 
soil-cement mixture. This was accom- 
plished by testing a series of companion 
specimens at lateral pressures of 0, 20, 
40, and 60 psi. The lateral pressures were 
developed through a pneumatic load on 
kerosine, the lateral pressure medium. 
Data from the tests were analyzed to 
obtain the envelope to Mohr’s circles 
which yielded the eohesion and coeffi- 
cient of internal friction. 

Axial and lateral deformation measure- 
ments were made on the specimens dur- 
ing loading by means of a compressome- 
ter utilizing unbonded wire gages devised 
especially for this purpose. These defor- 


the design of flexible pavements (6,7,8). 
Data presented here will aid in deter- 
mining whether these criteria apply to 
soil-cement pavements. 


MATERIALS AND TEST SPECIMENS 


The gradation, physical test constants, 
and AASHO Designation M145-49° 
which describe the four Illinois soils 
used in this study are shown in Table I. 
Soil No. 1 is a C-horizon pit-run sand 
with 4 per cent passing the No. 200 
sieve, and soil No. 6 is a C-horizon light 
sandy loam with 19 per cent passing the 

®Standard Recommended Practice for the 
Classification of Soils and Soil-Aggregate Mix- 


tures for Highway Construction Purposes 
(AASHO Designation M 145-49), Highway 


Materials, Part I: Specifications, 7th Edition, 
Am. Assn. State Highway Officials, p. 45 (1955). 
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No. 200 sieve. In contrast, soil No. 7 is a 
C-horizon silt loam, and soil No. 8 is a 
B-horizon silty clay loam. These latter 
two soils are similarly graded and con- 
tain over 90 per cent passing the No. 200 
sieve; however, soil No. 8 contains or- 
ganic material or foreign matter which 
hinders the cement reaction, and thus 
this soil does not respond to cement 
treatment as well as soil No. 7 which is 
free of deleterious material. 

The following table lists the percent- 
ages of cement’ mixed with each soil for 
this investigation. This cement was a 
blend of four brands of type I portland 
cement purchased in the Chicago market: 


SOIL-CEMENT MIXTURES. 


Cement, per cent 


Boll No. 13.4 


The ASTM Wetting-and-Drying*® and 
Freezing-and-Thawing? tests show that 4 
per cent of cement by weight is adequate 
to produce hardened soil-cement for the 
granular materials, soils Nos. 1 and 6; 
8 per cent is adequate for the silt loam, 
soil No. 7; and 13 per cent is required for 
the silty clay loam, soil No. 8. Soil- 
cement mixtures containing less than 

7 The soil-cement mixtures were proportioned 
on a dry-weight basis. Later calculations were 
made to convert the cement contents to per- 
centages by volume of loose cement to the com- 
pacted soil-cement mixture by the formula: 


100D 
100 + P 
0.94 


Per cent cement by volume = 


in which D is the oven-dry density of the mix- 
ture in lb per cu ft and P is the percentage of 
cement by weight. The assumption is made that 
1 cu ft of loose cement (1 bag) weighs 94 lb. 
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these percentages are classified as ce- 
ment-modified soils. Thus the program 
includes tests on specimens of untreated 
soil, cement-modified soil, high- 
quality soil-cement. The terms “cement- 
treated soils” and “soil-cement mixtures” 
are sometimes used to include both ce- 
ment-modified soil and soil-cement. 

The optimum moisture content and 
the maximum density of each soil-cement 
mixture were determined in the labora- 
tory by ASTM Method D558.? These 
values are listed in Table II under each 
soil for the cement contents tested. The 
materials were molded into 2.8 by 5.6-in. 
test cylinders, usually in batches of four, 
from constituents proportioned by weight 
from these predetermined moisture and 
density values. Duplicate specimens 
were molded a few days after the initial 
molding for testing as companion speci- 
mens. This provided two or more speci- 
mens at each lateral pressure and pro- 
vided a check on molding and testing 
procedures. 

The specimens were molded and cured 
in accordance with the Suggested Method 
of Making and Curing Soil-Cement 
Compression and Flexure Test Speci- 
mens in the Laboratory.’ Predetermined 
weights of soil and cement were thor- 
oughly mixed in a relatively dry state on a 
steel-topped table with a trowel. Next the 
computed quantity of water was added 
and thoroughly mixed to bring the mix- 
ture to the optimum moisture content. 
Sufficient weight of this mixture to pro- 
vide a specimen of the design density 
5.6 in. in length was placed in the 2.8-in 
diameter mold. The mold with a }-in 
spacer clip had previously been mounted 
on a piston base. The mixture was ini- 
tially compacted by uniformly rodding 
the cross-section of the specimen to the 
point of refusal. Next, a separator disk 
was placed on the specimen, the spacer 


8 Procedures for Testing Soils, Am. Soc. 'Test- 
ing Mats. (ASTM Committee D-18), April 1958. 


ort 
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clip was removed, and the specimen 
was compacted to final density with 
dynamic loads acting on the pistons from 
both ends of the specimen. 

After the specimens were molded, they 
were placed in the moist room and were 
removed from the molds on the following 
day. Moist curing of the cylinders was 
then continued until the end of 7, 28, or 
90 days. The specimens, except those 
molded without cement, were capped 
just prior to testing with a mixture of 
portland cement, plaster, and water. 

The program for soil No. 1, a granular 
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specimens could be compared with the 
28-day moist-cured specimens. ey 
TEst EQUIPMENT 


The triaxial chamber used in these ex- 
periments, shown in Fig. 1 with a speci- 
men ready for test, is similar to conven- 
tional soil testing equipment except that 
it has a higher axial load capacity. The 
circumferential pressure was produced by 
a pneumatic load on kerosine, the lateral 
pressure medium. Kerosine was used be- 
cause it is a good insulator for electrical 
deformation measurements. Each speci- 


» TABLE II.—OPTIMUM MOISTURE CONTENT AND MAXIMUM 
DENSITY OF SOIL-CEMENT MIXTURES (ASTM METHOD D 5582). 


Soil No. 1 Soil No. 6 Soil No. 7 Soil No. 8 
Cement by : 
ensity, lb Content, Density, lb Content, Density, lb Content, Density, lb Cantent 
per cu ft per cent® per cu ft per cent® per cu ft per cent® per cu ft per cent® 
rere 127 9.8 128 10.0 115 15.0 112 15.5 
127 9.9 128 10.0 
128 9.5 129 9.8 112 15.0 
128 9.7 130 10.0 112 15.7 
130 9.9 112 15.6 


@ By weight of soil-cement mixture. 


soil, and soil No. 7, a fine-grain soil, in- 
cluded specimens cured by special pro- 
cedures. The curing procedures were 
varied to explore the effects of different 
curing conditions and different moisture 
conditions on the elastic properties and 
the shearing strength of the mixtures. 
These specimens were first convention- 
ally moist cured for 21 days. Certain of 
them were then placed in water at room 
temperature to soak for 7 additional 
days. Others were air dried for one day, 
then oven dried at 130 F for 3 days, and 
finally soaked for 3 days. Others were 
oven dried at 130 F for 6 days after one 
day of air drying. The special curing pro- 
cedures were all completed at 28 days in 
order that the test results from these 


men was encased in a thin Neoprene mem- 
brane before it was placed in the test 
chamber. A 90,000-lb hydraulic testing 
machine produced the axial load. 

Since soil-cement mixtures have dif- 
ferent physical properties than those of 
unmodified soils, the procedures for test- 
ing vary somewhat from conventional 
soil-testing procedures. The strains in 
cement-treated soils are much smaller 
for the same load than for untreated soil 
samples; consequently, it was necessary 
tc measure deformations directly on the 
specimens rather than to measure volume 
changes and deformation from outside 
the test chamber. 

The instrument (9) designed to make 
deformation measurements under tri- 


| 


Neoprene 
Membrane 


Aluminum 


axial loading is shown mounted on the ths 
specimen in Fig. 1. This compressometer Insulator 
consists essentially of three aluminum 
rings, two axial gages, two lateral gages, Upper_§ : ae ; 
and two spacer bars, and it was mounted 

on the test specimens over the Neoprene 
membranes. The two axial unbonded Stationary 3 


elastic wire gages (see Fig. 2) encased in 
telescope tubing are attached to the 
upper ring and extend longitudinally 
along the specimens to the lower ring to 
measure axial deformation. The sensitive 
element of these gages consists of hard- 
tempered constantan wire 0.001 in. in 
diameter. Each elastic wire, which 
changes in electrical resistance as its 
length is changed, is fastened to a spring 
to increase its range sufficiently for the 
deformation encountered in these tests. Adjusting 
An internal spring in each gage tends to Ek Screw 
extend the tubing and place the elastic _ Fic. 2.—Axial Gage. 


O.00lin. Wire 


xxx 
=} 
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_ Fic. 1.—Triaxial Chamber with Encased Test Specimen. 
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wire in full tension. An internal stop 
limits this extension and protects the 
wire from breakage. Each gage is in 
contact with a screw in the lower ring 
which is used to adjust the tension in the 
wire before each test and to relax the 
wire when the instrument is not in use. 
Two similar gages are mounted in the 
middle ring (a split ring) to measure 
lateral deformation at the mid-height of 
the specimen. 

The axial gages have a range of 0.06 in. 


in a 3-in. gage length and the lateral 


Cap 
Identification 

Tag Metal 
Strip 

Fic. 3.—A Cap Y en with Metal 


Strips for Measuring Deformation. 


gages 0.03 in. in 2.8 in. gage length with 
a sensitivity of 10 units per million. 
Spacer bars which hold the rings in 
position until they are secured on the 
test specimens are removed prior to test- 
ing. Each of the outside rings is attached 
by means of four pointed screws. The 
middle ring is mounted with two pointed 
screws. These bear through the Neoprene 
membrane against cylindrical metal 
strips previously attached to the test 
specimens with a quick-setting plaster as 
shown in Fig. 3. This provides a firm 
bearing surface which enables the instru- 
ment to detect small dilatations en- 
countered early in the test. Compression 
springs about two alignment screws re- 
strain the separation of the split ring 


and keep it properly aligned. - 
7 


TEST PROCEDURE 


The specimen was encased in a thin 
Neoprene membrane, and the compres- 
someter was mounted on the specimen. 
The elastic wires of the axial gages were 
placed in full tension in order that the 
tension could be relieved as the specimen 
was compressed axially. Sufficient ten- 
sion was removed from the lateral gages 
to allow for the anticipated increase in 
tension during dilatation. 

Next, the specimen was placed in the 
triaxial chamber, and the membrane was 
clamped tightly to the pedestal and the 
loading head so that the kerosine would 


_be sealed from access to the test cylinder. 


After the chamber was closed and the 
electrical circuits were completed, the 
selected lateral pressure was applied to 
the specimen. This liquid pressure was 
held constant throughout the test as the 
axial load was gradually increased to the 
ultimate. 

Deformation measurements were made 
at regular intervals of load without in- 
terruption. Generally the specimens were 
under load for about 3 min. 

A minimum of eight specimens, two 
at each lateral pressure, were tested for 
each condition. The specimens were 
tested as soon as they were removed 
from the moist room except for those 
that were given special curing. 

The compressometer was not used on 
soil specimens molded without cement. 
These specimens were not rigid enough 
to properly support the elasticity frame, 
and moreover, the deformations were too — 
great for the range of the gages. 


ANALYSIS OF RESULTS 


The following tabulation provides a 
summary of notation: 


T, shearing strength, psi, 
normal stress, psi, 


i 


TABLE 


C, cohesive strength, psi, 

tan ¢, coefficient of internal friction, 

¢, angle of internal friction, _ 

o,, major principal stress, axial stress, psi, 

o3, minor principal stress, lateral stress, psi, 

ri unconfined compressive strength, psi, 

b, slope of the principal stress equation, 

E, static modulus of elasticity, Psi, 

ut, Poisson’s ratio, 

€, strain, 

D, density, lb per cu , 

O, optimum moisture content, per cent by 
weight of compacted soil-cement mix- 
ture, 


IlIl.—TYPICAL TRIAXIAL 
STRENGTH RESULTS. 

Soil No. 8, 6 per cent cement, 
moist-cured 90 days. 


435 
es 477 456 
600 
60.. 686 
705 696 


P, percentage of cement by weight of dry 
soil, and 
n, number of tests. 


A typical set of triaxial strength data 
is given in Table III. o; is the axial stress 
and a; is the lateral stress which were 
acting on each cylinder at failure. Failure 
is defined as the maximum load sup- 
ported by each specimen for the given 
applied lateral pressure. 

These data may be shown graphically 
as in Fig. 4, where each point represents 
the result of a triaxial strength test. The 
line expresses a linear relationship be- 
tween the principal stresses and _illus- 
trates how the strength increases with an 
increase of lateral pressure. 

To determine the shearing strength, 
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the forces on the test specimen at failure 
may be resolved into forces on the shear- 
ing plane in accordance with Mohr’s 
method. In Fig. 5, a semicircle is drawn 
for the average axial stress for each 
lateral stress with these stresses as the 
extremities of the semicircle. The en- 
velope to the semicircles is the relation- 
ship between the shearing strength and 
the stress normal to the shearing plane. 
The shearing strength is not a simple 
attribute of the material but is a function 


T T 


800 


700 a, =450+4040; 
600: 
ao 
500 
> 
4 
° - Soil No8-Cement Mixture 
4 6 percent Cement by Weight 
S 300 Moist Cured 90 Doys 
200 
| 
100 
10 20 30 40 60 


o, , Lateral Stress ,psi 


Fic. 4.—A Typical Principal Stress Relation- 
ship. 


of the normal stress; whereas, the en- 
velope is a function of the material. 
Rather than analyze each set of data 
graphically, the results presented in this 
paper were analyzed statistically. If we 
assume a linear equation for Mohr’s en- 
velope, 
= (' + a, tan ¢, 


the most probable values of the parame- 
ters C and tan ¢ can be determined by the 
method of least squares. The application 
of this method to the analysis of triaxial 
strength data is given in detail in a 
previous publication (10). 
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Soil No.8-Cement Mixture 
6 per cent Cement by Weight 
|. Moist Cured 90 Days 


T, Shearing Strength, psi 


o,.Normal Stress ,psi 


Fic. 5.—A Typical Mohr’s Diagram. 


TABLE IV. —TRI AXIAL — RESU LTs OF SOIL NO. 6, SAN DY "LOAM. 


Cement, per cent | Shearing Strength Stress Relationship 
Number of 
Tests, 


By Weight 


o 

% 


i 


11 
13 
11 


RSESERE 


kr 


1.00 


(@ = 45 deg) 
0.06 


a | 


@ Least squares (10) values of the parameters of the equation, r = C + oa, tan ona 
sponding principal stress equation, o; = a + be;. 
> 0 per cent cement content not included. 
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ss "TABLE V.—TRIAXIAL TEST RESULTS OF SOIL NO. 1, SAND. 


ement, per cent Shearing Strength Stress Relati i 
Cem pe Days g 4 in al ess Relationship 
By Weight By Volume C, psi tan @ a, psi b 
0 1 5 0.7§ 9 22 4.26 
2.6 7 34 0.89 8 152 4.96 
2.6 28 41 0.99 8 196 5.77 
2.6 35 1.02 Ss 170 5.99 
2.6 b 29 1.01 9 143 5.93 
2.6 63 1.24 8 358 8.06 
2.6 90 56 0.97 8 264 5.56 
28 | 202 0.84 8 867 4.60 
74 | 171 0.95 8 796 5.41 
12.4 7 269 0.85 9 1160 4.65 
12.4 28 359 0.84 8 1539 4.60 
ee LA 12.4 90 401 0.92 10 1827 5.18 
Arithmetic mean?....... 0.91 5.11 
(@ = 42 deg) 
Standard deviation’... .. 0.05 0.41 
@ 21 days moist cured plus 7 days soaked. 
+ 21 days moist cured plus one day air dried plus 3 days oven dried at 130 F plus 3 days soaked. 
¢ 21 days moist cured plus one day air dried plus 6 days oven dried. 
4 Special cured and 0 per cent cement content specimens not included. 
TABLE VI.—TRIAXIAL TEST RESULTS OF SOIL NO. 7, SILT LOAM. 
Cement, per cent | Days Shearing Strength Number | Stress Relationship 
Moist 
By Weight By Volume Cured C, psi tan @ " | 4, psi b 
1 8 0.52 11 28 2.71 
4.7 | 7 75 0.60 9 267 3.14 
4.7 | 28 95 0.66 8 352 3.45 
4.7 84 0.63 8 303 3.27 
4.7 55 0.51 8 179 2.68 
4.7 102 | 1.15 9 545 7.12 
wth 4.7 90 112 0.76 453 4.09 
8.9 7 97 0.76 8 391 4.05 
8.9 28 152 0.67 8 570 3.53 
8.9 | a 152 0.61 9 540 3.17 
8.9 85 0.94 8 394 5.31 
8.9 200 1.29 8 1172 | 8.55 
8.9 90 226 0.76 10 909 4.06 
12.9 7 171 0.63 9 620 3.27 
12.9 28 177 0.89 8 785 4.93 
12.9 90 303 0.76 9 1225 4.07 
16.7 28 227 0.91 14 1023 5.08 
16.7 90 391 0.79 8 1612 4.25 
Arithmetic mean®....... . 0.74 3.98 
(@ = 37 deg) 
Standard deviation?. . . | 0.09 0.57 
221 s moist eared plus 7 days soaked. 


621 days moist cured plus one day air dried plus 3 days oven dried at 130 F plus 3 days soaked. 
© 21 days moist cured plus one day air dried plus 6 days oven dried. 
- 4Special cured and 0 per cent cement content specimens not included. 
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The computed results for the strength 
data from the experiments are listed in 
Tables IV, V, VI, and VII. 

Equation 1 is mathematically related 
to the equation between the principal 
stresses, 


in which a is the unconfined compressive 
strength and 6 is the slope of the straight 
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after the characteristics of the materials 
have been established. Caution should be 
exercised in extrapolating the values 
beyond the range of the experimental 
data because the envelope to Mohr’s dia- 
gram may be curved. If this is true, the 
value of ¢ will probably be smaller at 
higher stresses. 

Typical stress-strain curves are shown 
in Fig. 6, in which the abscissa is strain 


TABLE VII.—TRIAXIAL TEST RESULTS OF SOIL NO. 8, SILTY CLAY LOAM. 


Cement per cent, Days | Shearing Strength | SSaaiiee Stress Relationship 
Moist of Tests, 
‘By Weight By Volume Cured C, psi tan @ . a, psi b 
6.7 90 112 0.76 8 
10.8 7 138 0.70 9 
14.6 7 185 0.60 8 
14.6 28 198 0.74 8 
re eee 14.6 90 274 0.77 8 
Arithmetic mean*....... 0.72 
ee (@ = 36 deg) 
Standard deviation’... .. wer: | 0.06 
* 0 per cent cement content not included. 
line or the rate of change of the axial 500 ] 


stress with respect to the lateral stress. 
The transformation 


r= cos @..........(3) 
and 
463 


can be applied to Eq 1 to obtain 


1+ sin 
~ 
1 — sing 


2C cos 
1 — sin @ 


which is equivalent to Eq 2. This equa- 

tion defines an average axial strength of 

the material for each lateral stress. 
Individual stress conditions can be 


computed from the above equations 


Lotera/ 


Specimen No. 13 

Soil No 8-Cement Mixture 
6 percent Cement by Weight 
Moist Cured 90 Days 
Lateral! Pressure 20psi 


o,- 90, , Stress, psi 


200 -25 
[650-70] 10° 302 O00ps: 


100 55-0 
#*s0-70 

1000 2000 3000 4000 


€ , Strain , Millionths 


Fic. 6.—Typical Stress-Strain Curves. 
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Days of Moist 
Curing 
\ 
38 N 
N 
4IN HD a 
IN ON 
~ N N 
4 gat a 
4 
a 
L NY NJ 
By Weight 2 6 10 14 6 10 , = 
By Volume ye 7.8 12.6 17.0 2.6 ve 12.4 :. a 
Cement Content , per cent ae 
0.30 
Soil No.6 Soil 
2 0.20}- 
4 
c 
5 4 
a 41 
4 
va 
| 
Weight 2 6 10 14 2 6 10 
Volume 2.7 7.8 12.6 17.0 2.6 re 12.4 


Coment Gane 


ber cent 
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E, Static Modulus of Elasticity 
: Million psi 


Days of Moist Curing 


Soil No.8 


By Weight 4 8 12 
By Volume 8.9 12.9 


Cement Content ,per cent 


16 6 10 
16.7 6.7 10.8 


0.30 


° 


Poisson's Rati 


Soll 


—_ 


By Weight a 8 12 
4.7 8.9 12.9 


By Volume 


and the ordinate is the stress difference. 
Typical calculations of F, the static 
modulus of elasticity in compression, and 
u, Poisson’s ratio, are shown on the 
graph. 

E was computed as a secant modulus 
from the ascending phase of the first cycle 


Cement Content ,per cent 
Fic. 8.—Elastic Properties of Fine-Grain Soil-Cement Mixtures. 


of loading between about 10 and 40 per 


16 6 10 14 
16.7 6.7 10.8 14.6 


cent of the ultimate strength of the speci- 
men, presumably within the elastic 
range of the material. Poisson’s ratio was 
computed as the ratio of lateral strain to 
axial strain over the same stress range. 

A previous paper (3) has shown that 
the values of the static modulus in com- 
pression for soil-cement mixtures are 


j 
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| 
28 Days Moist Cured } 


ie J 21 Days Moist Cured + 7 Days Soaked 


a 2! Days Moist Cured +1! Day Air Dried + 3 Days Oven Dried + 3 Days Soaked 
A 2! Days Moist Cured +1 Day Air Dried +6 Days Oven Dried dt 130° F 


> 
Soil No.| Soil No.7 
o 
e a 
¢ 
v= 
s= 
2 
By Weight 6 


By Volume 77 


0.40 
Soil No.! Soil No.7 
| 
c Sk) 
ne 
a <p> 
Se) Sk) 
a 
2s N its. 
Se 
><) q 
eS res 
By Weight 2 6 
By Volume 2.6 : 7.7 


Cement Content, per cent 
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Fic. 9.—Elastic Properties of Specially Cured Specimens. 
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about 60 to 75 per cent of the dynamic 
modulus and also that the dynamic 
modulus and the static modulus in flexure 
are about equal. 

The effect of the different lateral pres- 
sures on the elastic properties of the soil- 
cement mixtures was not significant over 
the small range of lateral pressures, 0 to 
60 psi, used in these tests. Consequently, 
the values for the modulus of elasticity 
and Poisson’s ratio were averaged over all 
lateral pressures. The average results are 
represented by the bar graphs in Figs. 
7, 8, and 9. A vertical line has been 
drawn through each bar graph equal in 
length to a spread of one standard devia- 
tion on each side of the mean; this pro- 
vides a measure of the dispersion of the 
data for each cement content and age. 


DISCUSSION OF RESULTS 


The strength data tabulated in Tables 
IV through VII show that the cohesive 
strength, C, and the unconfined com- 
pressive strength, a, increased with ce- 
ment content and age. 

The coefficient of internal friction, tan 
@, was relatively constant for each soil. 
Its value was unrelated to the percentage 
of cement mixed with the soil. Conse- 
quently, the values of tan @ have been 
averaged and the standard deviation 
computed for the test results on each 
soil, excluding the specially cured speci- 
mens. Similar remarks can be made in 
regard to 6, the slope of the line relating 
the principal stresses. These computed 
values are shown at the bottom of their 
respective columns in each table. 

The coefficient of internal friction was 
larger for the cement-treated granular 
soils than for the cement-treated fine- 
grain soils as revealed by the average 
values of tan @ of 0.91 and 1.00 for soils 
Nos. 1 and 6 in contrast to 0.74 and 0.72 
for soils Nos. 7 and 8. The coefficient of 
internal friction was also larger for the 
cement-treated soils than for the un- 
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treated soils. The above values for the 
soil-cement mixtures may be compared 
w.th 0.79 for the granular untreated soils 
and with 0.52 and 0.43 for untreated soils 
Nos. 7 and 8. 

_ Granular soils have little or no cohe- 
sion, but the cohesive strength of soil- 
cement mixtures of these materials in- 
creased rapidly as the cement content 
was increased. The cohesive strength of 
the granular soil-cement specimens ex- 
ceeded that of the fine-grain soils for the 
same cement content at 6 per cent and 
higher with one exception, as shown by 
Tables IV through VII. 

Drying cement-treated specimens 
markedly increased their coefficient of 
internal friction, as shown by values of 
1.24 and 1.07, for soil No. 1 (Table V) 
and values of 1.15 and 1.29 for soil No. 7 
(Table VI). In addition, drying without 
resoaking increased the cohesive strength 
greatly. 

The cohesion was not as great for the 
specimens tested in a soaked condition 
as for specimens tested in a moist condi- 
tion. This was pronounced for specimens 
which had been dried prior to soaking 
(Tables V and VI). When specimens are 
dried, the water films around the par- 
ticles becor.e very thin and exert high 
surface tension forces. This causes the 
specimens tested in a dry state to be 
stronger than those tested in a moist 
state. The soaked specimens adsorb 
water, and thus the surface tension forces 
are reduced and the strengths are re- 
duced. 

While the range in lateral pressures be- 
tween 0 and 60 psi applied in these tests 
is small compared to the pressures ap- 
plied for concrete and rock (10,11), it is a 
realistic range for road or runway base 
materials. The stresses developed from 
traffic on soil-cement pavements prob- 
ably are within the range of stresses 
covered by these experimental data. 

Failure patterns for test specimens of 


. t . > 
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this study can be visualized from Figs. 
10 and 11. In some cases a definite shear 
plane was observed; in other cases the 
specimens cracked or crumbled so that 
no failure pattern was observed; while 
in still other cases the specimens bulged 
as in Fig. 11. This latter type of failure 
was prevalent for the specimens with no 
cement or low cement content. 

The modulus of elasticity in compres- 
sion for specimens of cement-treated 
mixtures of granular soil No. 6 increased 
from 120,000 psi with 2 per cent cement 
to 1,600,000 psi with 14 per cent cement 


Fic. 10.—Specimens After Failure. 


after 7 days moist curing and to 2,400,000 
psi after 90 days moist curing. The in- 
crease in modulus for granular soil No. 1 
was comparable. 

The modulus for fine-grain soil No. 7 
increased from 200,000 psi with 4 per 
cent cement to 500,000 psi with 16 per 
cent cement after 7 days moist curing 
and to 1,000,000 psi after 90 days moist 
curing. The modulus for fine-grain soil 
No. 8 increased from 220,000 psi for 6 
per cent cement cured 7 days to 500,000 
psi for 14 per cent cement cured 90 days. 

Most of this discussion has referred to 
average results; however, the scatter of 
the individual tests can be judged from 
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the standard deviation of the data il- 
lustrated by the vertical lines through 
the bar graphs of Figs. 7, 8, and 9. 
Theoretically two thirds of the test data 
are included between the extremities of 
these lines. 

The effect of the different curing pro- 
cedures and test conditions on the elas- 
tic properties of the soil-cement speci- 
mens can be observed in the graphs of 
Fig. 9. Drying the cylinders decreased 


Fic. 11.—Failure of Low Cement Content 
Specimen. 


the modulus of elasticity slightly for the 
sandy soil No. 1 and decreased the mod- 
ulus 60 per cent for the silty soil No. 7. 
Even though all of the specially cured 
specimens were moist cured 21 days, 
drying them and resoaking them after 
the initial curing decreased the modulus 
materially. The decrease was between 35 
and 60 per cent for soil No. 1 and over 80 
per cent for soil No. 7 when compared 
with the 28-day moist cured specimens. 

The cement content or age had little 


influence on Poisson’s ratio for any of 
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the cement-treated soils. The average 
values for the moist-cured specimens 
varied between 0.10 and 0.20 for the 
granular soils and between 0.05 and 0.20 
for the fine-grain soils. The composite 
average was slightly higher for the sandy 
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1.00 (@ = 45 deg) for the granular soil- 
cement mixtures and of 0.74 (¢ = 37 
deg) and 0.72 (@ = 36 deg) for the fine- 
grain soil-cement mixtures tested. These 
average values were larger for the speci- 
mens molded with cement than for the 


soils than for the silty soils. lla _ specimens molded from untreated soil as 


SUMMARY 


The shearing strength and elastic 
properties of soil-cement mixtures have 
been determined by laboratory tests on 
specimens molded from two granular 
soils and two fine-grain soils. The cement 
contents of these specimens varied from 
0 to 16 per cent by weight of dry soil. 
The cylinders were moist-cured 7, 28, 
and 90 days except for a few specimens 
that were given special curing. 

The triaxial shear results showed that 
the cohesive strength for specimens 
moist cured 28 days increased from 35 psi 
for 2 per cent cement to 531 psi for 14 
per cent cement for the sandy loam- 
cement mixtures and from 95 psi for 4 
per cent cement to 227 psi for 16 per cent 
cement for the silt loam-cement mix- 
tures. Thus the rate of increase in 
strength with cement content was greater 
for the granular soil-cement mixtures 
than for the silty soil-cement mixtures. 

The cohesive strength also increased 
with age. In general the 90-day values 
increased as much as or more than 50 
per cent of the 7-day values. 

The specimens tested in a dried condi- 
tion manifested a significant increase in 
cohesion for the silty soil-cement mix- 
tures and a more than 50 per cent in- 
crease for the granular soil-cement mix- 
tures as compared with the 28-day 
moist-cured specimens. Those specimens 
tested in a soaked condition showed a 
lower cohesion. 

The coefficient of internal friction of 
conventionally cured specimens was in- 
dependent of the cement content and 
age but varied with the type of soil with 
average values of 0.91 (¢ = 42 deg) and 


_ indicated by the values 0.79 (@ = 38 


deg) for the granular soil specimens and 
0.52 (@ = 27 deg) and 0.43 (@ = 23 deg) 
for the fine-grain soil specimens. 

Specimens tested dry showed values of 
tan ¢ of 1.24 (@ = 51 deg) and 1.07 (¢@ = 
47 deg) for the granular soil-cement mix- 
tures and of 1.15 (@ = 49 deg) and 1.29 
(@ = 52 deg) for the silty soil-cement 
mixtures. These values are considerably 
greater than those for specimens con- 
ventionally moist-cured. 

The modulus of elasticity increased 
with cement content. The sandy loam 
soil-cement mixtures showed average 
28-day values of E = 200,000 psi for 2 
per cent cement as compared with E = 
2,000,000 psi for 14 per cent cement. F 
also increased for the silt loam soil- 
cement mixtures from 260,000 psi at 4 
per cent cement to 760,000 psi at 16 per 
cent cement. The modulus also increased 
with age. In some cases the 90-day values 
were double the 7-day values, but the 
increase averaged about 50 per cent of 
the 7-day values. 

Although drying the specimens in- 
creased the strength, it decreased the 
modulus of elasticity. The decrease was 
slight for the granular soil-cement mix- 
tures but was as much as 60 per cent for 
the silty soil-cement mixtures. 

Poisson’s ratio exhibited a random 
variation with cement content and age 
and averaged 0.14 for the granular soil- 
cement mixtures and 0.12 for the fine- 
grain soil-cement mixtures. 

The conclusious drawn in this paper 
refer to the soil-cement mixtures tested. 
It is not intended that these results 
should eliminate the necessity of lab- 
oratory tests for individual soils. On the 


contrary, the triaxial test method pro- 
vides procedures and an additional tool 
for evaluating the physical characteris- 
tics of such materials. 
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tent and curing on the shearing strength 
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As the paper shows, it is quite ap- 
parent that the principal. effect is the 
change in cohesion with significant in- 
creases of several times in value as 
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cement content and curing time in 


creases. On the other hand, there were 
small changes in tan @ but still quite 
significant differences in the average 
values of tan @ for the different soils. 
Since most other papers on strength of 
soil-cement deal with results of only the 
unconfined compression test which im- 
plies cohesion, and this paper is a unique 
gathering of triaxial shearing test re- 
sults, the writer believes that more sig- 
nificance can be obtained from data on 
the values of tan ¢. 
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In order to thoroughly understand the 
characteristics of tan ¢, the type of test 
should be described in respect to whether 
it was (1) the drained test, (2) the con- 
solidated undrained test, or (3) un- 
drained test. It is understood by the 
writer that the values of tan @ and co- 
hesion are those determined from ap- 
plied stresses, but it is not understood 
whether drainage was permitted through 
porous end plates or whether the speci- 
mens were fully sealed during the tests. 
It was mentioned, however, that the 
test was conducted in a rather short time 
of about 3 min and soil-cement speci- 
mens ‘were capped. These viewpoints 
would be quite important in making the 
values of tan @ more meaningful. Pos- 
sibly they would also affect the cohesion 
characteristics some. However, the co- 
hesion values have large differences and 
the paper very effectively shows the 
trends in cohesion for the varying soil- 
cement mixtures. 

_ Assuming that all tests were equiva- 
lent to the undrained shear test since the 
soil-cement specimens were capped and 
drainage is not mentioned, the following 
trends in tan @ should logically exist: 

1. Coarser soil should naturally show 
higher tan @ values than finer soils be- 
cause lower pore pressures should be ex- 
pected in coarser soils which usually 
consolidate less under load and contain 
lower moisture contents. 

2. Cement content also affected tan @ 
because pore pressures were probably 
lower, and it was explained that cement 
appreciably reduced the consolidation, re- 
quiring considerable refinements to meas- 
ure the volume change. 

3. It was also noted that specimens 
which were oven dried before testing 
showed appreciably greater values of tan 


@ than similar specimens cured normally 
and soaked. This could partially be at- 
tributed to lower pore pressures resulting 
from low moisture content and small 
volume change as well as higher general 
strength of these specimens. 

4. Finally when tan @ in terms of 
effective pressures (that is, applied pres- 
sures minus pore pressures) is considered, 
fine-grain soils generally show lower 
values of tan ¢ than coarser soils. These 
soils may have this trend but in addi- 
tion, the above items probably have some 
effect on the results and should be given 
consideration. 

This paper is of particular significance 
over other papers concerning the strength 
of soil-cement in that it has presented 
shear characteristics in terms of com- 
plete triaxial shear tests rather than only 
the unconfined compressive strength. 
This gives added data on the relationship 
of strength and pressure. The purpose of 
this discussion is to suggest additional 
interpretations which could result when 
full consideration is given to the condi- 
tions of the test. 

Mr. G. G. BALMER (author’s closure). 

The triaxial results in the paper were 
computed from applied stresses on un- 
drained specimens; however, the speci- 
mens were in a moist rather than in a 
saturated condition when tested. Ce- 
ment-treated specimens are much stiffer 
than untreated soils; therefore, less con- 
solidation took place for these specimens 
during the triaxial tests than for un- 
treated soil specimens. Pore pressures 
were not measured during these tests. 

The remarks of the discussion sub- 
stantiate the conclusions of the author 
and help to explain the reasons for the 
results. 
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SOIL MOISTURE SUCTION—ITS IMPORTANCE AND MEASUREMENT*} 


Perhaps the greatest development in soil mechanics has been in under- 
standing the mechanical behavior of saturated soils. More recently attempts 
have been made to deal with soils in the unsaturated state. Under these con- 
ditions the behavior of the soil depends to a large extent on the moisture status, 
which for many purposes can be usefully expressed in terms of ‘“‘suction,” com- 
monly known also as moisture tension or negative hydraulic potential. 

The identity of suction with relative vapor pressure and hence free energy 
is given together with the advantages of measuring the former in the region 
of high relative vapor pressures. Since the behavior of water in soils and many 
related porous materials is similar, the suction concept is not limited to soil. 

Both the apparatus and technique used for determining soil moisture suction 
and unsaturated permeability are described together with the use of the meth- 


By E. PENNER! 


SYNOPSIS 


ods in soil engineering. 


Many of the practical problems that 
arise with the use of materials of a porous 
nature result from their interaction 
with water. In addition to the influence 
of water on the performance of porous 
materials, there is the related aspect of 
understanding the properties of held 
water, in particular as it affects moisture 
transmission. 

The problems that result from the in- 
teraction with water vary with the type 
or porous material and the service ex- 
pected from it. For example, the prob- 
lems may range from those concerned 
with moisture transmission in building 
walls to those involved in the determina- 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

+ This is a contribution from the Division of 
Building Research, National Research Council, 
Canada, and is published with the approval of 
the Director of the Division. 

' National Research Council, Division of Build- 
ing Research, Ottawa, Canada. 
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tion of shear strength in soils. Acknowl- 
edging these differences, there is a dis- 
tinct need for a more adequate way of 
describing the moisture status in porous 
materials than by water content on a 
weight percentage or per cent saturation 
basis. Such a measure should describe 
the held moisture in terms of its tendency 
to move between similar as well as dis- 
similar materials. Held moisture in terms 
of moisture content often gives no real 
indication of the tendency of the mois- 
ture to move because two different ma- 
terials may be in equilibrium with each 
other at widely different moisture con- 
tents. Also similar materials with a dif- 
ferent moisture history may not be in 
moisture equilibrium at the same water 
content. This second phenomenon in- 
volves hysteresis and will be referred to 
later. 

The concept of suction that has been 
widely used in the field of soil science for 
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MOISTURE SORPTION BY 
Porous MATERIALS 


many years (1)* provides a basis for a 
rational and useful method of describing 
the moisture status of porous materials. 
More recently it has been usefully em- 
ployed to a limited extent in some as- 
' pects of soil mechanics and in other 
engineering fields concerned with the be- 
havior of moisture in other porous ma- 
terials. Since the suction concept has 


Soils belong to a class of adsorbents 
which give a typically S-shaped rela- 
tionship when the moisture content is 
plotted as a function of the equilibrium 
relative vapor pressure. These curves are 
commonly referred to as sorption iso- 
therms. Several such curves are shown in 
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been shown to be useful and has led to a 
better understanding of the behavior of 
moisture in porous material, it deserves 
much wider attention. This paper is 
concerned with a simple description of 
the nature of suction, some methods of 
measuring it, and finally it gives a brief 
account of its application to some soil 
engineering problems. 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1216. 


-Sorption Isotherms for a Number of Materials Including Natural Soils. 
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Fig. 1, including some for several ma- 
terials other than soils. 

Although a detailed discussion of the 
various mechanisms of moisture sorption 
is beyond the scope of this paper, a brief 
reference to the subject is useful in 
describing the suction concept. 

Moisture suction in partially saturated 
materials (of the class referred to above) 
at low moisture content arises from the 
attraction between water molecules and 
the solid. This type of attraction is 
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characterized by physical forces rather 
than chemical and is normally considered 
to be reversible. In the case of clays, a 
part of the sorption arises from the hy- 
dration of the exchangeable ion, but as 
can be seen from Fig. 1 the general shape 
of the sorption curve is much the same. 

The physical arrangement of water 
molecules in porous materials is not well 
understood, but it is commonly assumed 
that the molecules are spread over the 
solid surface at low relative vapor pres- 
sures. With increasing vapor pressure, 
the thickness of the sorbed layer increases 
until at high vapor pressures the increase 
in held moisture results in the filling of 
pores. In this range the forces of sorption 
can be considered as arising from the 
surface tension forces operating in the 
concave water menisci in partially filled 
pores. In the intermediate vapor pres- 
sure range both kinds of sorption are 
probably operative. The forces of attrac- 
tion acting on the water molecules are 
reflected in a reduction in vapor pressure, 
relative to the vapor pressure over a flat 
water surface at the same temperature. 
Relative vapor pressure is therefore a 
direct measure of the forces operating at 
the surface of the held water. 

The relationship between relative 
vapor pressure and the radius of curva- 
ture of the water meniscus is given by 
the Kelvin equation: 


where 
p = the vapor pressure over the curved 
surface, 
po = the vapor pressure of free water, 
y = the surface tension of water, 
M = the molecular weight -of water, 
d = the density of the water, 
R = the gas constant, 


T = the absolute temperature, and 
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r =the radius of curvature of the 
meniscus. 


This equation shows that the equi- 
librium vapor pressure, p, over a curved 
water meniscus is reduced below the vapor 
pressure fo as a result of surface tension. 
As will be shown later, relative vapor 
presssure, though a rational measure of 
the forces with which water is held, is 
not always a convenient one, particu- 
larly at high vapor pressures when many 
pores are filled and other larger pores 
contain menisci. Under these conditions, 
it is often more convenient and useful to 


TABLE I.—THE RELATIONSHIPS BE- 
TWEEN RELATIVE VAPOR PRESSURE, 
RADIUS OF CURVATURE OF MENISCUS, 
EQUIVALENT HEIGHT OF COLUMN OF 
WATER h, AND pF. 


| 


Equiv- 


alent = 

adius of 2 

of h, psi 

eniscus, |water, 

h,cm 

0.08...; 0.000147; 107 | 1.42 10° 7 

49.0....| 0.00147 10° | 1.42 x 104 | 6 

93.0....| 0.0147 10° | 1.42 « 103 | 5 

99.3....| 0.147 104 1.42 x 10? 4 

1.47 108 1.42 10 3 

99.99...| 14.7 10 1.42 2 

99.999. .|147.0 10 | 1.42 xX 107 | 1 
100.0. ...| 00.0 0 0 


express the forces in another way that is 
directly related to the negative hydraulic 
head, or “‘suction”’ of the liquid phase. 
The concept of suction is based upon 
the height, 4, to which water rises in an 
ideal capillary tube. This height, 4, is 
dependent on r, the radius of the tube. 
If the contact angle between the capil- 
lary tube and the liquid is zero, the 
radius of curvature of the meniscus and 
the radius of the capillary tube will be 
equal. The height of the capillary rise, 
h, being related to the curvature of the 
water surface, can therefore be used as a 
measure of the potential of the water 
at the surface of the meniscus having 
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the same radius, r, even though a com- 
plete water column does not exist. This 
is the measure used to express suction. 
For convenience, Schofield (6) has chosen 
to express the height of rise in terms of 
log (— hk), which is now commonly 
known as pF. Relative vapor pressure, 
being related to the curvature of the 
meniscus, is also related to the suction, 
h. The relationship, which is well known, 
may be derived from the Kelvin equa- 
tion. 


Sou. MorsturE 


between Eqs 3 and 4, as pointed out by 
Schofield, and its relationship to the 
quantity p/po, the relative vapor pres- 
sure. The relationship between relative 
vapor pressure, radius of curvature of 
the meniscus, equivalent height of col- 
umn /, and Schofield’s pF have been 
tabulated (Table I). 

There are a number of advantages in 
using suction instead of relative vapor 
pressure in many situations. The first ad- 


From the height-of-capillary-rise equa- 1.00 
tion: 
2 
0.80 
\ 
g = gravitational constant, ——— 
h = height-of-capillary rise, 
y = surface tension of water, s 
d= density of the water, and peal £ 0.40 
r = radius of the capillary. a 
Substitution of gh in the Kelvin equa- @ | 
tion leads to the relationship: 620 
RI \ 
h=—- 
= 4 6 7 8 
the use of free energy as a oF 


measure of the moisture potential, it 
may be pointed out that the use of the 
suction concept for a salt-free system 
does not lose identity with the free energy 
concept. Although 4 measured directly 
will not include the effect of salt, vapor 
pressure does. When the held water has 
reached a state of equilibrium with the 
vapor in the surrounding environment, 
the free energy of the vapor and the 
sorbed moisture will be equal. Conse- 
quently, the free energy of the vapor 
may be used to calculate the free energy 
of the sorbed phase from the expression: 


AF = In p/ po... (4) 


It is of interest to note the similarity 
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Fic. 2.—Relationship Between pF and Rela- 
tive Humidity at 20 C. 


vantage arises from the nature of the 
relationship between moisture content 
and relative vapor pressure. Figure 1 
shows that at relative vapor pressures 
below 0.95 the increase in moisture con- 
tent is relatively small. This is true for 
soils as well as many other porous ma- 
terials. Above a relative vapor pressure 
of 0.95, however, the increase in moisture 
content is very large for a small change 
in vapor pressure. Unfortunately, this is 
the range that is usually of greatest 
interest in most soils applications in both 
agriculture and engineering. 

There are also great difficulties in the 
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accurate measurement and control of 
relative vapor pressures at the wet end. 
Since small variations in relative vapor 
pressure usually correspond to a large 
change in moisture content, the relia- 
bility of vapor pressure measurements 
above 0.99 is such as to preclude their 
use. Figure 2, which gives the relation- 
ship between relative vapor pressure and 
suction in terms of pF, clearly shows the 
expanded nature of the pF scale above 4, 


No Determinations Were Corried 
Out in the Dotted Portion = 
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Per cent Moisture Content by Weight 


_ Fic. 3.—The Hysteresis Loop for a Sample of 
Leda Clay. 


the corresponding range of relative vapor 
pressure being from 0.993 to 1. 

The relative ease of controlling or 
measuring suction in comparison to rela- 
tive vapor pressure strongly favors its 
use. This will be discussed in some detail 
later. 

Moisture movement at near-satura- 
tion conditions (high relative vapor pres- 
sures) is probably largely in the liquid 
phase. Particularly in soils under natural 
conditions the movement is attributed 
to stress gradients in the pore water. The 
suction # in Eq 3 measured directly 
describes this stress more conveniently 
and is not complicated by unrealistic 
parameters. 
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A note of caution about the compar- 
ison of # measured directly with p/p is 
in order since the validity of the rela- 
tionship presupposes a salt-free moisture 
regime. The quantity / will be affected 
by salt in held moisture in a different 
way than p/po, but in many cases the 
differences may be neglected. 


HYSTERESIS 


The equilibrium moisture content of a 
porous material obtained at a given rela- 
tive vapor pressure depends on whether 
equilibrium is approached by wetting or 
drying. The effect of this phenomenon is 
shown in Fig. 3 which gives both the 
wetting and drying curves. At one time 
the effect was considered to result from 
nonequilibrium conditions. It is now 
known, however, that the sorption proc- 
ess is in a sense irreversible and gives 
rise to hysteresis effects. The theories 
advanced to explain hysteresis are dis- 
cussed in detail by Carman (2). The fact 
that more than one value can be obtained 
at the same moisture stress condition 
must be considered whenever the rela- 
tionships between suction and moisture 
content are used. 


MEASUREMENT OF SUCTION AT Low 
RELATIVE VAPOR PRESSURES 


While the concept of suction and its 
use as a measure of potential can be ap- 
plied over the entire range of moisture 
from oven dryness to saturation, differ- 
ent measuring techniques have to be 
employed for different sections of the 
range. Relative vapor pressure methods 
are usually best below pF 4. However, 
from pF 0 to 4 other methods involv- 
ing the measurement of suction more di- 
rectly are usually used. 

The suction plate technique for the 
direct measurement of suction involves 
placing water in a saturated porous plate 
in tension, by hanging a column of water 
from the plate. This may also be accom- 
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plished by applying a vacuum to the 
water in the plate. If this “negative head” 
is maintained, a sample of soil placed in 
contact with this “conditioned”’ plate will 
establish moisture equilibrium with it. 
There will be a transfer of water in the 
liquid phase between the porous plate 
and the specimen. The time taken to 
bring the specimen to the same suction 
condition as the suction plate depends on 
the rate of water transmission. The range 
over which the porous plate is operative 
depends on the pressure difference that 
can be maintained across the porous 
plate before it desaturates and passes 


SEALED 
CHAMBER 


5 
PENNER ON SOIL MOISTURE SUCTION 


plate is placed in tension through a vac- 
uum regulator. 

With the types of ceramic porous 
plates used in this laboratory the suction 
plate technique is limited to pF’s below 
3. The apparatus (Fig. 4) is similar to that 
described by Richards (9) and others 
with some modifications. In the appara- 
tus shown a rigid suction plate holder 
made of 3-in. brass is used. A rigid plate 
holder greatly facilitates making an air- 
tight seal between porous plate and the 
plate holder and also avoids any volume 
change between the porous plate and 
plate holder when the chamber is pres- 
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Fic. 4.—Suction Plate Apparatus. Regulated Air Pressure Applied Through Inlet 6, or Regulated 


Vacuum at Outlet a. 


air and, therefore, is also a function of 
the maximum size of the pores. When 
it passes air it no longer operates as a 
suction plate. 

Two methods of maintaining the pres- 
sure difference across the porous plate in 
order to condition it to a given suction 
have been used and both give essentially 
the same answer (8). By one method a 
positive pressure is applied through a 
pressure regulator to the top of a satu- 
rated porous plate (pressure plate) which 
is held in a metal plate holder. The bot- 
tom of the porous plate is in contact 
with water but open to atmospheric 
pressure. In the second method the top 
of the porous plate (suction plate) is 
kept at atmospheric pressure and the 
water in contact with the bottom of the 


surized. The outside diameter of the 
porous plate is about § in. smaller than 
the inside diameter of the plate holder. 
This groove is filled with a suitable water- 
resistant hard-setting sealer to provide an 
airtight seal between the holder and the 
porous plate. A spiral groove on the side 
of the plate holder facing the porous plate 
provides a means of water transfer from 
the sample to the outside of the ap- 
paratus. At one end of the spiral, a 
graduated 1 cu cm pipet is attached and 
to the other end an ordinary buret is 
fixed. This provides a means of flushing 
out any air bubbles when the spiral 
groove is filled with water. Water is per- 
mitted to flow through the system until 
no air bubbles appear. With a 13-qt 
capacity pressure cooker the porous 
plate can be about 10 in. in diameter. 
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This gives sufficient porous plate area to 
condition a number of specimens simul- 
taneously. In practice, for soils, small 
consolidometer rings with a cutting edge 
have been found useful as sample holders 
for undisturbed soils. The calibrated 
pipet attached to the spiral groove is 
used to determine when equilibrium is 
reached. 

The moisture content of the specimens 
at various suction levels may be deter- 
mined gravimetrically by sampling the 
specimens or the complete specimen may 
be removed and weighed. In the latter 
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specimens at intermediate suction levels. 
The apparatus is shown in Fig. 5. The 
specimen is placed on the porous plate 
either in the dry or saturated state de- 
pending on whether the adsorption or 
desorption curve is required. Either 
a pipet or a calibrated capillary tube is 
used to measure the moisture content 
change. If large changes in moisture con- 
tent are envisaged, a long calibrated cap- 
illary tube is more convenient. This 
avoids the necessity of resetting the 
meniscus at frequent intervals. 

The suction or pressure plate technique 
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Fic. 5.—Small Suction Plate or Pressure Membrane Apparatus. Regulated Air Pressure Applied 
Through Inlet 6 or Regulated Vacuum at Outlet a. 


To Operate as a Pressure Membrane Apparatus Place Membrane from c to c’. 


method, the relationship between suction 
and moisture content is then deduced by 
finding the weight of oven-dried soil after 
the final suction determination. This 
method is subject to a number of errors 
in practice: the specimen cannot always 
be removed intact from the porous plate 
and, once removed, good contact is some- 
times not easily achieved between the 
plate and the specimen. 

In a second “suction” apparatus used 
at this laboratory, which is in many ways 
similar to apparatus described by Rich- 
ards (8) and Croney and Coleman (10), 
the moisture content gains and losses 
are measured volumetrically. This tech- 
nique is limited to one specimen at a 
time but does away with weighing 


is used to determine suction - moisture- 
content relationships in the range from 
pF 0 to 3. However, as pointed out, suc- 
tion determinations by the vapor pres- 
sure technique are not reliable below pF 
4. In the range pF 3 to 4, the “pressure 
membrane” technique described by 
Richards (12) and others may be used. 
The same apparatus shown in Fig. 5 
may be used with one important addi- 
tion. To withstand the large pressure dif- 
ference required to induce pF’s between 
3 and 4 without passing air, a membrane 
with very fine pores must be used, such 
as Visking sausage skin. In the apparatus 
shown, the membrane is placed over the 
porous plate with the sample in contact 
with the membrane. The walls of the 
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apparatus are constructed of }-in. brass 
sufficiently strong to withstand air pres- 
sures equivalent to pF 4. The change in 
water content of the specimen may again 
be measured volumetrically or gravi- 
metrically. In practice, the latter has 
been found more reliable because small 
air leaks in the membrane frequently in- 
validate volumetric measurements of 
moisture content change. The apparatus 
shown has been found particularly useful 
since by merely adding the membrane, 
one apparatus can be used over the entire 
range from pF 0 to 4. 

There are, of course, many other 
techniques described in the literature for 
the determination of suction in the low 
pF range (10). In the author’s experience, 
the techniques described in this paper 
have proved satisfactory from the point 
of view of simplicity of apparatus and 
technique both for undisturbed and pre- 
pared specimens. The suction technique 
may be used with equal facility for rigid 
and compressible materials. For rigid 
porous materials such as brick, special 
care must be taken to provide a good 
contact between the suction plate and 
specimen in order to obtain satisfactory 
rates of moisture transmission. 

The apparatus described are for inde- 
pendent methods of measuring relation- 
ships between suction and moisture 
content. The suction technique is also 
used frequently as a means of controlling 
the moisture status while other proper- 
ties are being measured. To do this, the 
suction technique is incorporated into the 
design of larger apparatus where the 
parameters to be studied are a function 
of the moisture status. This can be an 
invaluable asset in many types of ex- 
periments with porous materials. Two 
general approaches are possible: one may 
either measure the variation in suction 
as the experiment progresses or impose a 
definite suction throughout the experi- 
ment. The exact methods involved are a 


matter of adapting the suction technique 
to the apparatus being used. } 


EFFECT OF TEMPERATURE ON 
SUCTION MEASUREMENTS 


In the low suction range, the effect of 
temperature change on suction is due 
mainly to surface tension variation with 
temperature. It is assumed that the es- 
tablishment of the equilibrium is through 
the liquid phase. Under these conditions, 
variation is approximately 0.1 pF units 
for a 10C change in temperature, ac- 
cording to Croney and Coleman (11), pro- 
vided the proper precautions are taken. 
A further difficulty, owing to tempera- 
ture fluctuation, arises from condensation 
on the inside surfaces of the apparatus. 
At this laboratory, suction plate, pres- 
sure membrane, and unsaturated perme- 
ability determinations are carried out in 
a small temperature-controlled room 
where temperature variations do not 
exceed +0.1 C of control point. 


Some APPLICATIONS OF THE SUCTION 
CONCEPT IN SOILS 


Shear Strength of Unsaturated Soils.— 
The well-established concept of effective 
stress for saturated soil 


where: 
o’ = effective normal stress, 
o = applied normal stress, and 
“ = pressure in the pore fluid, 


has recently been extended to unsatu- 
rated soil by Australian workers (13-15). 
This equation has been rewritten in the 
form 


where the quantity p” is the suction 
(that is, negative pressure) of the soil 
moisture and is substituted as a positive 
quantity. According to Terzaghi, the ef- 
fective stress is that part of the total 
stress which produces measurable effects 


= 
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such as consolidation or an increase in 
shearing resistance. This means that 
these “effects” can be attributed in part 
to suction; this has already been demon- 
strated with reasonable certainty by the 
Australian workers. 

Croney and Coleman (10) suggest that 
for saturated compressible clays, the 
pressure void ratio curve determined by 
the consolidation technique is in fact a 
suction moisture content drying curve. 
At any particular applied pressure in the 
consolidometer the pressure, p, is equal 
to the effective stress, o’, at equilibrium 
since the pore pressure, #, is 0. A simi- 
larity between consolidation curves and 
suction - moisture-content curves de- 
termined by the suction plate and pres- 
sure membrane techniques was the basis 
for the Australian workers concluding 
that, for compressible clays, the concept 
of effective stresses extended to pore 
pressures which are truly negative with 
respect to free water at atmospheric 
pressure. Noncohesive soils did not re- 
spond in a similar way beyond the range 
where the soil pores emptied under ten- 
sion forces. 

The shear strengths of unsaturated 
soils is obviously of great importance for 
Australian conditions. In a recent paper, 
Aitchison (15) concludes that the varia- 
tion of suction in the pore water for the 
Australian environment appears to be a 
major determinant of soil strength in 
cohesive soils. 


Equilibrium Moisture Distribution in Soil 
Above a Shallow Water Table: 


The moisture changes that occur in the 
soil underneath airfield pavements, etc., 
subsequent to construction has been ex- 
tensively studied by the British Road 
Research Laboratory (16-19). The prem- 
ise is that subsequent moisture changes 
may invalidate the design based on soil 
strengths determined before construc- 
tion. It appears that the main determi- 
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nants of the equilibrium moisture condi- 
tions above a constant water table are 
embodied in the following relationship: 


where: 
P = normal pressure, 
s = the moisture suction of the soil, 
u = the pore water pressure, and 
a = the fraction of the normal pressure 


that is effective in changing the 
suction. 

The relationship apparently is most 
easily determined for the case of an im- 
permeable surface cover. To determine 
the equilibrium moisture-content dis- 
tribution, « is either measured with 
tensiometers or calculated from the lo- 
cation of the ground water table. P is 
calculated from the total weight of the 
wet soil above the point in question, 
and @ can be evaluated from loading and 
shrinkage tests. Thus s can be calcu- 
lated and, from suction - moisture-con- 
tent curves, the estimated moisture 
content is obtained. Research workers 
who developed this method report good 
success with it; however, to what extent 
the method has been generally accepted 
by others is not known. There is no 
question of the usefulness of predicting, 
in advance of construction, the moisture 
content changes that will occur under 


structures. 

Moisture flow in the liquid phase for 
unsaturated soils follows Darcy’s law, 
v = ki, under isothermal conditions. In 
contrast to saturated flow, & is not a 
constant but is a function of the average 
moisture suction. For example, if the 
levels of suction are 10 and 20 cm sepa- 
rated by a distance /, the velocity of flow 
will be different than when the levels of 
suction are 190 and 200 cm, again sep- 
arated by distance /, although the gradi- 
ents are the same. To a large extent the 


Unsaturated Moisture Flow: 
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variation of k depends on the state of 
saturation. The greatest variation occurs 
in uniform sands or silts which have a 
critical suction where almost complete 
desaturation occurs. At suctions greater 
than this, the liquid phase through the 
pore system is discontinuous, and the 
greatly reduced flow is through the ad- 
sorbed phase. 


MOISTURE SUCTION | 


determined in the laboratory (21,22). 
Nevertheless, the concept of suction 
potential as a driving force has contrib- 
uted to the understanding of unsaturated 
flow in nature. This type of flow is 
thought to account for the distribution 
of water at equilibrium above the shallow 
water table as discussed in the previous 
section. 


Preliminary experiments with an un- 
saturated permeability apparatus re- 
ported previously by the author (20) com- 
pare flow rates below pF 3. The flow rates 
shown in Fig. 6 were obtained by hold- 
ing the suction S, at one end of the 
specimen at zero and increasing the suc- 
tion at the other end 5S; in small incre- 
ments. These results show familiar char- 
acteristics of unsaturated flow. At low 
tensions the flow rates are higher in silt 
than in clay, but this reverses at higher 
tensions. At present no satisfactory 
method for predicting unsaturated flow 
wit: «ny degree of certainty is avail- 
able. As a consequence, it is usually 
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Suction in Relation to Frost Heaving: 


The phenomenon of frost heaving as 
related to the performance of shallow 
foundations or structures, roads, and 
airports is still not completely under- 
stood. Much of the present knowledge 
stems from the early work of Taber (23) 
and Beskow (24). More recently Haley et 
al (25), Ruckli (26), and Jumikis (27) 
have made notable contributions. The 
author (20, 28-29) has recently studied 
the mechanism of ice lensing in the 
laboratory using artificial and natural 
soils. The concept of suction has been 
useful in studying the equilibrium pres- 
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sure relationships in the ice-water-soil 
system and has led to the development 
of a tentative theory of ice lensing in 
soils. 

The driving force for moisture move- 
ment is the suction developed at the 
ice-water interface. This force is the most 
important feature of frost heaving since 
it must exist for ice lenses to form. Ex- 
periments show that the suction has in- 
creased to a maximum in a closed system 
when the ice lens growth stops, that is, 
at equilibrium, but it is greatly influenced 
by the dimensions of the pores and the 
overburden pressure. The thermody- 
namic equilibrium conditions have been 
described based on a simple model of the 
ice-water interface in a small element of 
the granular system. 


Electrical Resistance Block Method of 
Measuring Moisture in Soil: 


A reliable nondestructive method of 
measuring soil moisture content in the 
field has still not been perfected, but 
recent developments with the neutron 
meter show promise. The electrical re- 
sistance block technique of measuring 
moisture is discussed here partly be- 
cause it is still used in practice and also 
because this technique demonstrates 
rather an important principle as follows. 
The equilibrium moisture condition be- 
tween dissimilar porous materials exists 

when the suctions are similar although 

the moisture contents may vary widely. 

The electrical resistance meters made 

of porous materials are therefore more 

appropriately referred to as _ suction 
meters. 

Earlier workers noted that the elec- 
trical resistance of soil was a function of 
its moisture content. Investigations re- 
vealed that soil density, particle-size 
distribution, mineral type, and salinity 
of the soil solution influence resistance 
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sufficiently to limit its usefulness as a 
measure of moisture content. To over- 
come these difficulties the electrodes 
were buried in a porous block which was 
then placed in contact with the soil. In 
this way it was hoped to limit the varia- 
tion of resistance to moisture content 
only. 

In one method of calibration the 
resistance meter is buried in a block of 
saturated soil selected from the site 
where the meter is to be installed. The 
soil is then dried in stages and allowed 
to come to equilibrium. The electrical 
resistance is measured at each equilib- 
rium state, and the soil is sampled for 
moisture content. In this way a complete 
calibration for the drying cycle can be 
obtained. This calibration, however, ap- 
plies to only the one soil used in the 
calibration. 

In this laboratory a calibration was 
carried out to establish the direct rela- 
tionship between suction and electrical 
resistance of the moisture blocks. The 
suction of the meters was controlled 
using suction plate and pressure mem- 
brane techniques, and electrical resist- 
ance readings were taken when suction 
equilibrium was established. If the fur- 
ther relationship between suction and 
moisture content for the soil is deter- 
mined, all the information is available 
to convert electrical resistance readings 
of the meters to moisture content of the 
soil with which it is in suction equilib- 
rium. The commercial moisture meters 
that did not have a flat contact surface 
were embedded in plaster of Paris. In 
this way, the same method of calibration 
could be used for all the meters irrespec- 
tive of type. 

In practice, the electrical resistance 
method of measuring the moisture con- 
tent of soils is beset with many dif- 
ficulties. These are 
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CONCLUSIONS 


The concept of suction has been 
usefully employed both in practice and 
as a research tool. The suction char- 
acteristics of a porous material are in 
essence sorption isotherms, but the 
interpretation of the phenomena has 
led to new methods of determining and 
expressing the affinity of a porous ma- 
terial for water and is particularly use- 
ful in the high relative vapor pressure 
range. In this region the water is held 
largely in the macropore system. The 
concept of suction and its method of 
determination provides a realistic ap- 
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THE MECHANICAL BEHAVIOR OF CHEMIC ALLY TREATED | 
GRANULAR SOILS* 


By Ropert L. ScCHIFFMAN! AND CHARLES R. WILSON? 


This paper is the result of a laboratory experimental research program on 
the mechanical behavior of chemically treated granular soils. The chemical 
used is commercially known as Stabilizer AM-9 and is manufactured by the 
American Cyanamid Co. The granular soils were selected with respect to mean 
grain size and range of grain sizes. 

The research was concentrated on three phases of behavior: 

The mechanical strength through unconfined compression and triaxial 
compression tests of the saturated soil when freshly treated with a constant 
amount of chemical. The variables studied were mean grain size, range of 
grain sizes, and the relative density of the soil. Results are presented in terms 
of significant soil variables and the shear strength relations of Coulomb and 
Mohr. 

2. The unconfined compression strength of a series of soils in relation to re- 
sults of the effect of monomer concentration. 

3. The unconfined compression strength of a single soil in the dense state 
in which the effects of wetting and drying were investigated. This phase in- 
cluded an investigation of the strength increase of this soil with aging. 

The research program was conducted in several steps: (a) the establishment 
of a theoretical hypothesis of granular soil behavior when treated with an ad- 
dition polymer in relation to the mechanisms of soil-chemical action and the 
selection of soil properties influencing soil strength; (b) the establishment of a 
statistical hypothesis and the detailed planning of laboratory control experi- 
ments, in view of the number of experiments to be performed, level of experi- 
mentation, and repeatability; (c) a description of the laboratory experimental 
procedure, and the results of the experimental program based on observations 
of relations between soil and chemical variables; and (d) a report of the authors’ 
interpretations of the mechanical action of chemically treated granular soils 
based on data for Stabilizer AM-9 and further extended to any addition poly- 
mers. 


*This paper was presented at the Sixty-first Annual Meeting of the Society, June 
22-27, 1958. 

! Assistant Professor of Soil Mechanics, Rensselaer Polytechnic Institute, Troy, N. Y. 

? Engineer, Goodkind and O’Dea, Bloomfield, N. J. 
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GENERAL 


The use of chemicals for soil stabiliza- 
tion offers one of the potentially most 
fruitful means of soil modification. Other 
methods of stabilization in extensive suc- 
cessful use at present may be limited in 
effectiveness, since basically they rely 
on the improvement of the existing soil 
structure and do not alter the inherent 
nature of the soil. Chemical stabilization, 
however, may alter the basic existing 
soil properties as well as improve them 
(1).3 Chemical soil stabilization thus 
serves a dual purpose: (a4) improvement 
of existing soil properties, and (6) funda- 
mental alteration of the existing soil 
chemistry to produce a new soil. 

The action of chemicals on soil can 
be separated into three types: 

1. The use of so-called trace chemi- 
cals. This type of chemical reacts with 
the soil elements to form a new soil de- 
rived from a more desirable mineral. 
An example is that of ion- or base-ex- 
change chemicals. Small amounts of 
lime when added to a sodium soil will 
replace the sodium ions and produce a 
more stable soil. Similar modifications 
have been produced by the use of trace 
quantities of dispersing agents such as 
sodium polyphosphate and calcium lig- 
nosulfonate. 

2. The action that chemicals can 
produce in a soil as an inert void filler. 
An inert chemical that does nothing 
more than fill the voids of a soil mass 
will place mechanical constraints on the 
deformation of individual particles. 
These constraints, in turn, will alter the 
phenomenological response of the soil 
mass to mechanical forces. Silicates and 
chrome-lignin partially produce this 
type of action. 

3. The chemical action of adhesion 
or cementation. The chemical forms a 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1244. 


bonding link, thus creating forces con- 
necting soil particles. In terms of in- 
dividual grains within a soil mass, these 
forces are external to the grain and act 
to hold grains together. In terms of the 
entire soil mass, these forces are internal 
restraints strengthening the entire sys- 
tem. Chemicals whose primary action 
is of this type include calcium acrylate 
and American Cyanamid Stabilizer 
AM-9. 

Most chemicals of the two latter types 
act in some degree both as void fillers 
and as bonding agents. 

The response of a chemically stabilized 
soil mass to imposed externa! mechanical 
forces depends on the type of chemical 
action and on the geometrical configura- 
tion of the soil-chemical matrix. Where 
the chemicals are used in trace amounts 
to alter the physicochemical! nature of 
the soil, the responses to mechanical 
action are those of the altered soil and 
are not directly related to the response 
of the chemical. When the chemical 
forms an inert void filler, the response 
to imposed external forces is basically 
that of the soil but modified in accord- 
ance with the geometric restraints im- 
posed by the void filler. Types of chemi- 
cal stabilization which impose physical 
force restraints on the individual grains 
exhibit a mechanical response that is 
basically that of the soil, but in this case 
is modified by the force restraints of the 
chemical. The configuration of the soil- 
chemical matrix determines the mode of 
mechanical action for the two latter 
types of chemical stabilization. In an 
open-structured system where the grains 
are basically unconnected, the mechani- 
cal action is that of the chemical, with 
the soil srains forming a mass-point 
system in a chemical matrix (2). 

Close-structured systems, in which the 
soil particles are in intimate contact, 
behave basically as the particles behave, 
modified only by the restraints estab- 
lished by the stabilizing agents. 
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Stabilizer AM-9 is an addition poly- 
merizing chemical which when treated 
with a redox catalyst will form a gel. 
The action of this gel is twofold: (1) 
It reacts with the surface of granular 
soil grains, adhering to the grains and 
binding separate grains, thus establish- 
ing internal force restraints in the system 
and strengthening the entire soil-chemi- 
cal complex; and (2) it fills the voids of 
the granular soil mass, imposing geo- 
metric restraints on the entire system. 

This paper is concerned with the 
mechanical behavior of granular soils 
when treated with an addition polymer- 
izing chemical. The purpose of the in- 
vestigation was to determine experi- 
mentally the effects of this type of 
chemical on the strength and stress- 
strain-time behavior of granular soils. 
In particular, quantitative data were 
obtained on the properties of granular 
soils treated with Stabilizer AM-9. 

Certain particular influences of sta- 
bilization were studied: (a) effect of 
relative density on strength; (0) effect 
of mean grain size and grain size dis- 
tribution on strength; (c) effect of 
chemical concentration on strength in 
newly stabilized conditions; and (d) 
effect of aging, including wetting-and- 
drying cycles, on strength. 

Well-documented investigations into 
the behavior of granular soils has proven 
that the mechanical properties of these 
materials are governed by the following 
(3): 

1. Mean Grain Size of the Granular 
Mass.—The grain size measure of the 
mass for this study is that size for which 
50 per cent by weight of all sizes is finer. 
It will be referred to as Dso and is ex- 
pressed in millimeters. 

2. Average Grain Shape of Granular 
Soil Mass—The average grain shape 
is divided into four classifications which 
establish broad limits of angularity. 
These are: angular, subangular, sub- 
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round, and round. The shape of the grain 
determines the ability of the soil to pack 
and the amount of surface contact avail- 
able between grains. The coupling of 
these two measures results in the con- 
clusion that the higher the degree of 
angularity the lower the achievable 
unit weight and the lower the maximum 
strength (4). 

3. Variation of Grain Size of a Granu- 
lar Mass.—Soils have finite size varia- 
tions, and thus the deviation about a 
mean size can be expressed in terms of 
the range of sizes present in a given dis- 
tribution. The ability to pack is a func- 
tion of the variation of grain size. A 
uniformly sorted soil will have the least 
potential maximum unit weight and 
strength, while a soil with a continuous 
spectrum of all sizes will potentially 
have the highest possible unit weight 
and strength. All granular soils will fall 
somewhere between these two extremes. 

4. Shape of Grain Size Distribution 
Curve-—The shape of the size distribu- 
tion function is an additional measure 
of the central tendency of the grain size 
distribution and is measured by the 
skewness of the mode size with respect 
to the mean size. The maximum attain- 
able unit weight and the maximum 
obtainable strength are directly related 
to the shape of the grain size distribu- 
tion curve. 

While the above four variables will 
in general control all granular soil be- 
havior, the range of behavior within a 
given distribution and particle shape is 
defined by the relative density of the 
given granular soil (5). 

The deformation response of a granu- 
lar soil to external boundary tractions 
or displacements can be broken down 
into two basic modes of action. The first 
and most important is a macroscopic 
grain slip without any deformation of 
the grain. This slip is a nonrecoverable 
rigid body movement caused by an un- 


ip 


balance of the external forces on given 
grains. The second mode of action occurs 
subsequent to the rigid body motion of 
the grains and constitutes a deformation 
of the given grains. This deformation 
has an elastic recoverable portion and 
an inelastic nonrecoverable one. The 
slip phenomenon is frictional and is con- 
trolled by the configuration of the grain 
contacts as reflected by the relative 
density and the amount of contact, de- 
termined by the grain size, grain shape, 
and the distribution of grain sizes. The 
general character of the deformation 
mechanism is indicated by the volume 
change that takes place during compres- 
sion, as well as the stress-strain rela- 
tions (6). 

The strength of a granular soil mass 
is quite adequately described by a linear 
failure envelope through the origin, as 
defined by Mohr and Coulomb (7). 


MECHANICS OF STABILIZATION 


The deformation and subsequent fail- 
ure of a granular soil mass depends upon 
the nature of the net Coulomb friction 
between grains and the magnitude of the 
compliance forces between grains. An 
inert gel filler will impose restraints to 
movement which will increase the tan- 
gential force required to accomplish 
grain slip. 

The angle of internal friction between 
soil grains is dependent upon the com- 
pliance forces between grains and the 
character of the contact surface. If 
filler material could be forced into the 
void volume without coating the grain 
contacts, the net effect would be to 
increase the stresses required to impel 
movement and there would be an in- 
crease in the measured angle of internal 
friction. The introduction of stabilizer 
into the soil coats the grains and modifies 
the nature of the friction resistance be- 
tween grains. The net effect will be to 
increase the compliance forces but de- 
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crease the molecular friction forces re- 
sisting slip. Loose granular soils when 
stabilized with relatively weak poly- 
mers should exhibit a marked decrease 
in the angle of internal friction due to 
the lubrication effect of the polymer 
coating on the grains. 

The shearing of dry dense granular 
soils is always accompanied by an initial 
volume increase prior to failure. In order 
to achieve slip the entire mass must ex- 
pand and place the particles in a condi- 
tion amenable to friction slip. The meas- 
ured shearing strength of the soil is 
largely controlled by the forces inducing 
a volume change to a state compatible 
with slip failure. Thus the angle of in- 
ternal friction of a dense granular soil is 
not solely the measure of the forces re- 
quired to move the granular surfaces 
across each other but is also the measure 
of the forces required to expand the mass 
until the particles can slip across each 
other. The influence of a weak polymer 
on the dense soil should not materially 
change the measured angle of internal 
friction. 

A granular soil without stabilizer is 
cohesionless, and in the completely dry 
state will not exhibit any internal forces. 
A chemically stabilized soil will exhibit 
marked internal forces, 
indicated by its stability to molding. 
These forces are the internal tensions 
established by the gel adhering to the 
soil particles. 

When a soil treated with a weak gel 
is permitted to age, the gel will shrink. 
The internal mass forces of the soil are 
greater than the tensile strength of the 
polymer, and in the ‘esulting action of 
drying the gel itself will crack or fail 
in tension. The new surfaces formed by 
the crack will move toward the grain 
contacts, forming capillary menisci. The 
presence of these menisci will produce 
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internal tensile stresses be- 
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tween grains, thus greatly enhancing the 
compressive strength of the soil mass. 

If the soil was saturated with water 
after drying, the capillary forces would 
be relieved, producing a stabilized mass 
with a reduced strength due to the loss 
of some of the internal restraints. 


EXPERIMENTAL PROGRAM 


Design of the Experiment: 

The experimental program was de- 
signed to evaluate the following in- 
fluences: 

(a) The dependency between the rela- 
tive density and the shearing strength 
of a freshly stabilized granular soil; 

(b) The dependency between the mean 
grain size and the shearing strength of a 
freshly stabilized granular soil; 

(c) The dependency between the range 
of grain sizes and the shearing strength 
for freshly stabilized granular soils; 

(d) The failure law governing freshly 
stabilized granular soil; 

*(e) The influence of amount of stabi- 
lizer on the unconfined compression 
strength of a freshly stabilized granular 
soil; 

(f) The influence of aging on the un- 
confined compression strength of a given 
stabilized granular soil; and 

(g) The influence of cycles of alternate 
wetting and drying on the unconfined 
compression strength of a given stabi- 
lized granular soil. 

In order to develop the maximum ef- 
ficiency from the test data, the experi- 
ment was designed to be run on a sta- 
tistical basis (8). 

There are two bases for the statistical 
design of experiments. The first basis is 
the statistically undefined experiment 
in which the laboratory program aims 
at defining the mechanical behavior over 
an extended area. In this type of test, 
some of the more elegant statistical 
methods, such as sequential analysis 
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and factorial design are of little value. 
The most efficient statistical design was 
a regression analysis to define the mean 
behavior as a functional relationship 
between the variables concerned, taken 
two at a time. The total behavior, as 


distinguished from the mean response, 
was ascertained from statistical testing 


of small sample theory. 
It was implied in the experimental de- 
sign that each experiment was an in- 


TABLE I.—FACTORIAL WETTING AND 


DRYING EXPE RIME NT. 


Noration FOR D 


Drying Level 


, ree 30 days dry—15 days soaked 
6........| 15 days dry—15 days soaked 
5........| 10 days dry—10 days soaked 
4 5 days dry— 5 days soaked 


3........| 38 days dry— 3 days soaked 
l day dry— 1 day soaked 
0 days dry— 0 days soaked 


Novation For C,? 


Index, p Number of Cycles 
1 cycle of drying and wetting 
. SePerers 2 cycles of drying and wetting 


= Drying level. 
*C, = Cycling level. 


dependent event taken from a normal 
population. The regression analysis was 
based on a presumption of linearity be- 
tween tested response, and in each case 
the correctness of the linearity assump- 
tion was tested. In extending the re- 
sults for a finite sample size to that of 
the population, the chi-square test was 
used for the variance and Students’ /- 
distribution was used for the mean 
values. 

For the wetting-and-drying experi- 
ment a different statistical design was 
used. For this part of the program it 
was necessary to determine the interac- 


tions between length of time of drying 
and the number of cycles of wetting 
and drying in terms of their influence on 
the unconfined compression strength. 
The measurements were based on the 
ratio of the strength of the stabilized 
soil after a given treatment, o; , to the 


a4 


On CHEMICALLY TREATED GRANULAR SOILS 


1223 


The wetting-and-drying experiment 
was performed on a single soil. In order 
to account for randomness, an order of 
replication of three was arbitrarily es- 
tablished. 

As shown in Table I, there were seven 
levels of wet-dry time and three levels 
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strength in the freshly gelled state, oo . 
‘Thus the response variable was 


This experiment was designed as a 
factorial experiment and analyzed by 
techniques of variance analysis and F- 
distribution testing to determine if in- 
teractions between variables were sig- 
nificant. 


C = Number of Dry-Wet Cycles 
Y= Unconfined Compression Strength Response 
Dry-Wet Factorial Design. 


of cycles of wetting and drying. The 
complete layout for the experiment is 
shown in Fig. 1. In order to test the in- 
teractions between the length of drying 
and wetting and the number of cycles 
of wetting and drying, with a replication 
of three, 63 individual experiments were 
required. This number was over and 
above the number of control experi- 
ments required to determine the freshly 
gelled response. 
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TABLE II.—GRAIN-SIZE DISTRIBUTION OF SELECTED SOIL SAMPLES, 
SIEVE PROPORTION, PER CENT PASSING. 
° Sieve Sieve Sieve Sieve Sieve Sieve Sieve 
No. 4 No. 8 No. 16 No. 30 No. 50 No. 100 | No. 200 

FR Ee 4.76 2.38 1.19 0.59 0.30 0.15 0.074 
5 10 23 24 23 10 5 


Material Properties: 


The soils obtained from local suppliers 
for testing purposes were a mixture of 
two river deposit materials, composed 
mostly of silicates. The soil variables 
were selected as being representative of 
a wide range of granular soils found in 
nature. The natural soils obtained were 
hand-sieved and combined in the manner 
shown in Fig. 2 and Table II. The soil 
descriptions are in accordance with the 
Burmister Identification System (3). The 
soil particles were classified as subround. 
The soils used were relatively clean and 


sterile. A mineralogical analysis was per- 
formed by members of the Geology 
Department of Lehigh University. The 
results of this analysis are presented in 
Table III. The basic unit weight and 
grading properties of the test soils are 
presented in Table IV. 

The range of behavior of the apparent 
angle of internal friction — relative den- 
sity relations was established on the basis 
of data from other investigators (4,9,10). 
In the loose state the total range of soils 
had angles of internal friction which 
varied between 28 and 34 deg and 43 to 
48 deg in the dense state. 
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In all cases, the chemical used was 
Stabilizer AM-9 in varying percentages 
by weight, along with the catalyst sys- 
tem of ammonium persulfate and sodium 
thiosulfate. Table V shows the quanti- 
ties of chemical used to make up solu- 
tions of the stabilizer for the varying 
concentrations used. 

Although the weight of Stabilizer 
AM-9 for a given concentration was 


MINERAL ANALYSIS 


‘TABLE III. 
OF SOIL. 


of 


By 


MINERAL PER CENT 
Heavy minerals‘ . 4 
100 

*Hornblende, magnetite, ilmenite, garnet, 


biotite, dolomite, ete. 


TABLE IV.—GRADING AND DENSITY 
PROPERTIES. 


Dry Minimum) Range 
Unit Unit Grain| Dy, {Specific 
Sample | Weight, Sizes, mm_ |Gravity 
cu ft | R 
| eee 109.0 91.0 | 1.53 | 0.82 | 2.68 
eee 110.5 91.0 | 1.53 | 0.41 | 2.68 
Rae 112.0 91.0 | 1.53 | 0.21 | 2.68 
eer 103.0 86.0 | 0.59 | 0.41 | 2.68 
eer 120.0 | 100.0 | 2.85 | 0.41 | 2.68 


fixed with respect to the total solution, 
the stabilizer-water ratio varied with 
differences in the amount of catalyst. 
The percentage change was of such a 
minor nature that no significant differ- 
ences due to change in the amount of 
catalyst were detected in subsequent 
analysis. 

The AM-9 monomer, being chemically 
stable over a period of -several weeks, 
was prepared in relatively large quanti- 
ties. During preparation, it was ob- 
served that a quantity of undissolved 
residue remained in suspension. The 
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monomer used in sample preparation 
was filtered through cloth in order to 
remove the residue. 

Experimental Procedure: 

The experimental procedure was de- 
signed to test the several variables in 
such a manner that good repeatability 
of experimental results could be ob- 
tained. 

Since relative density was one of the 
prime factors investigated, it was neces- 


TABLE V.—MIXING PROPORTIONS. 


Stabilizer 
st, Water, g |Total, g 
per cent 
Loose STaTEe 
5.0 1.2 93.8 100 
(0.7) | (92.3)¢ 
eer 10.0 1.2 88.8 100 
15.0 1.2 100 
ae 25.0 1.2 73.8 100 
Dense STATE 
ee 5.0 1.0 94.0 100 
asd 7.0 1.0 92.0 100 
(0.7)* | (92.3)¢ 
Sa 10.0 1.0 89.0 100 
| 15.0 1.0 84.0 100 
25.0 1.0 74.0 100 


* Differences in catalyst percentages used in 
different test series. 


sary to mold the specimens of soil at 
various degrees of compactness. In order 
to eliminate local failures due to pockets 
of material of a density condition differ- 
ing from the over-all sample, it was 
necessary that each individual sample 
have the same degree of compactness 
throughout its volume. 

In order to assure replication, special 
molds were constructed. Each mold 
consisted of a 3-in. diameter split Lu- 
cite tube held together by brass stud 
bolts clamping top and bottom Lucite 
plates. A detachable collar was provided 
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in order that the prepared specimen 
could be 2 in. longer than desired. This 
device eliminated variations in relative 
density at the top of the specimen. 

The test specimens were 3 in. in di- 
ameter and 8 in. long. 

The first step in the preparation of 
specimens for the dense state was to pour 
approximately 2 in. of solution into the 
assembled mold. Next, the soil to be 
compacted was placed in the mold to a 
depth of about 3 in. with care, so that 
there were minimal air voids in the sand- 
solution mixture. The bottom layer of 
soil was then compacted by vibration 
using a Burgess Vibro-Tool fitted with 
a 2-in. diameter foot. The Vibro-Tool 
was applied by the operator based on 
results of a large series of preliminary 
compaction tests. This process was con- 
tinued by the additions of solution and 
3-in. layers of soil until the level of the 
soil in the assembled mold was at least 
1 in. above the predetermined level of 
the trimmed specimen. 

Formation of the loose state was 
started by pouring approximately 2 in. 
of solution in the assembled mold. Soil 
was then gently and slowly dropped into 
the mold from the top. This was done, 
either by means of a funnel, held just 
above the level of the solution, or by 
slowly shaking soil from a spoon held 
over the top of. the mold. With either 
method, the level of the solution was 
kept continuously about 2 in. above the 
level of the soil. The addition of fluid 
and soil was continued until the level 
of the specimen was at least 1 in. above 
the final height of the specimen. 

Specimens to be compacted in inter- 
mediate relative density states were first 
formed in the loose condition. The de- 
sired relative density was then obtained 
by imparting impact energy to the as- 
sembled mold and its contents. This en- 
ergy was induced by blows from a 
wooden mallet applied evenly in number 
and intensity to bot 
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collar plates of the assembled mold. The 
degree of relative density was controlled 
by the number and intensity of the ap- 
plied blows. While it was realized that 
the above procedure would not guaran- 
tee a specimen at any particular relative 
density state, or even in a state of uni- 
form unit weight, enough tests were 
performed to enable the recognition 
and subsequent discarding of specimens 
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Fic. 3.—Unconfined Compressive Strength- 
Relative Density Relations. 


that failed in localized regions of the 
specimens. 

The method employed to achieve the 
intermediate relative density states 
was less than satisfactory, as indicated 
by the relatively large number of dis- 
carded specimens. When the effect of 
relative density was proved to be linear, 
all subsequent tests were run at the rela- 
tive density extremes. 

A large number of preliminary tests 
was run to develop techniques that 
would achieve a condition of complete 
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saturation. By utilizing these techniques, 
the saturation obtained for all test speci- 
mens was between 97 and 100 per cent. 

All compression tests were performed 
ona Tinius Olsen Electomatic Universal 
testing machine. Prior to testing, the 
machine was calibrated for accuracy of 
the weighing system and precision of 
strain rates. In the region of the applied 
loads, the machine was found to be ac- 
curate to } lb or within 0.05 per cent of 
the lowest ultimate load. The precision 
of the strain rates used was within 1 


TABLE VI.—STATISTICAL LINEAR 
REGRESSION ANALYSIS OF UNCON- 
FINED COMPRESSION STRENGTH versus 
RELATIVE DENSITY. 


Confi-|Corre- 


\Confi- 
| dence | lation 
Soil Sample SE, m, psi cK, psi|Limits | Coef- 

psi | 
1.95) 1.29) 0.95) 3.56) 0.950.985 
3.04) 2.14 0.95) 5.75) 0.95/0.965 
3.48) 2.62) 0.95) 6.94) 0.950.992 
3.08) 1.94) 0.95) 5.43) 0.95|0.994 
2.71) 2.04) 0.95) 5.39) 0.95/0.987 


Sg = Standard deviation of the strength 
based on the test regression line. 

m = Variation of the population regression 
line from the test regression line within 
the confidence limits set. 

ox = Standard deviation of the population 
based on the population regression 
within the confidence limits specified. 


per cent of the rated velocity. The com- 


pression tests were all strain-controlled 
at a deformation rate of 0.05 in. per 
min. A pilot series of unconfined com- 
pression tests indicated that between 
0.025 and 0.10 in. per min there were 
no significant differences in the strength 
of the soil with respect to strain rate. 

The strength testing for the freshly 
gelled test series was completed within 
2 hr after specimen preparation. 

In aging and drying, the specimens 
were mounted on racks in the lab- 
oratory. The laboratory was air condi- 
tioned with commercial air conditioning 
units which maintained the temperature 
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at a mean of 75 F and the relative humid- 
ity at a mean of 52 per cent. 


MECHANICAL BEHAVIOR 


Influence of Soil Properties: 


All five soils were studied to investi- 
gate the influence of grain size, range of 
grain sizes, and relative density. The 
monomer concentration was maintained 
at 7 per cent. While strength control 
was mostly based on the unconfined 
compression tests, a series of triaxial 
compression tests was run for the ex- 
clusive purpose of developing a failure 
criterion. 

The influence of the soil properties 
on the unconfined compression strength 
was based on a total of 56 usable tests 
taken on each of the five soil samples. 

The theoretical hypothesis regarding 
the relation of shearing strength and 
relative density stated that a significant 
functional dependency existed. This 
hypothesis was verified by the analysis 
of the test results. In the first instance 
the linearity was in question. A third 
degree polynomial was fitted to the un- 
confined compression test — relative den- 
sity data. The only significant terms in 
the resulting expression were the linear 
terms. Tentatively it was decided to fit 
a linear regression line to the data and 
to determine the statistical confidence 
limits for this fit. 

Figure 3 presents the least square re- 


. gression line for the unconfined strength 


relative density relation for each soil. 
The values in Table VI are the statistical 
entities for this regression analysis. The 
fact that the correlation coefficient is 
close to unity is further indication of the 
linearity of the relative density relation- 
ship. The regression lines shown in 
Fig. 3 are actual computations of a mean 
value. The deviation about this mean 
for any relative density considering the 
population of tests would be a band of 
2M psi about the regression line. This 
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band will occur for 95 per cent of all 
possible observations. Any individual 
test out of the entire population of tests 
will fall within a range of 2 cg on either 
side of the mean line, 2M. This will 
occur 91 per cent of the time. As an 
example, considering soil A at 50 per 
cent relative density, the mean tested 
strength is 39 psi. Extending this to 95 
per cent of any future tests, the mean 
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range will be from 37.71 to 40.29 psi. 
Ninety-one per cent of all tests will fall 
within a range between 30.59 and 47.41 
psi. 

Although a regression analysis was 
performed on the triaxial tests results, 
the number of tests was not sufficiently 
large to complete a usable statistical 
analysis. The regression was based on 
an assumption of linearity. Since the 
phenomenon being studied remained 
constant and since the relationship at 
one extreme of lateral pressure was 
proved to be linear, it is logical to pre- 


sume linearity throughout the entire 
range. 

Figures 4(a) to (e) present the data 
and the regression lines for each test 
series. These curves indicate that the 
slope of the strength — relative density 
relation varies with changes in the lat- 
eral pressure. The magnitude of this 
variation is so great as to be outside the 
statistical limits of behavior. An addi- 
tional significant fact is that the slope 
increases with increasing lateral pressure. 
A third factor is the general closeness of 
results in the zero per cent relative den- 
sity state for soils A, B, C, and D. This 
is indicative of the fact that the change 
in behavior of loose stabilized soil is less 
dependent on soil type and lateral pres- 
sure than that of unstabilized soil. Thus 
apparently the strength of the system is 
basically the strength of the gel. This 
interpretation is further strengthened by 
the analysis of the failure criteria. The 
strength of the mass in the dense state 
depends very largely on the strength of 
the soil; thus the confining pressure will 
greatly increase the strength, due to the 
imposed restraint forces. The difference 
between soils A, B, C, D and E is a 
gradation effect which will be analyzed 
later. 

The effect of strain rate on the un- 
confined compression strength of the 
stabilized soil is indicated in Fig. 5. 
The slowest rate of the equipment avail- 
able for use in this program was 0.025 
in. per min. Within the strain rates 
tested, the maximum mean variation 
was less than 4 psi. This variation is 
about half of a standard deviation from 
the mean or within the 40 per cent con- 
fidence interval. On this basis it can be 
clearly established that for strain rates 
greater than 0.025 in. per min there is no 
effect of strain rate on unconfined com- 
pression strength. Much soil testing is 
done at a strain rate of 0.02 in. per min 
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and slower. Many cohesive soils show a 
decided reduction in strength at lower 
speeds. The trend in this direction is 
indicated in Fig. 5. The equipment lim- 
itations for this program were such that 
no further interpretations can be made. 

It is reasonable to assume that the 
confined compression tests will exhibit 
strain rate effects similar to those ob- 
tained for the unconfined state. The 
strain rate effect, if present, is an inter- 
nal phenomenon and the imposition of 
external conditions, while possibly affect- 
ing the magnitudes of internal re- 
sponses, will not modify the basic char- 
acter of this response. 

The hypothesis on the failure criteria 
was that failure followed the Mobhr- 
Coulomb criteria. These criteria are pre- 
sented in Figs. 6(a) to (e). These fig- 
ures are based on the construction of 
the envelope of the three failure circles 
tested. As noted, the failure envelope is 
linear, thus implying that the Mohr- 
Coulomb criteria are satisfied. The fail- 
ure criteria depart in magnitude from 
the well-established criteria in two dis- 
tinct areas. In the first instance, the 
angle of internal friction for the stabi- 
lized soils in the loose state is decreased 
from that of the unstabilized state 
within a range of from 28 to 34 deg toa 
range of 8.5 to 24 deg. Excluding soil E, 
the upper limit of the range of the angle 
of internal friction was 17.5 deg. This is 
a substantial reduction in the internal 
friction of the system of stabilized soil 
as against the unstabilized state. The 
decreasing influence of the soil on be- 
havior is again apparent. The fact that 
soil E departs from this criterion in 
magnitude only mitigates the factor of 
effect, and supplies an additional factor 
—gradation. This latter will be inter- 
preted later. In the dense state, the angle 
of internal friction is that of the parent 
soil alone, or departs so little from it as 
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to be inconsequential. We may thus 
conclude that the gel investigated does 
not affect the internal friction of the 
system in the dense state. 

Another change in behavior due to the 
addition of stabilizer is the introduction 
of internal tension (cohesion) into the 
system. While the magnitude of this 
internal tension is small, never exceed- 
ing 1.5 ton per sq ft and as low as 0.5 
ton per sq ft, it has a decided influence 
in strengthening the system. 

The difference in failure behavior in 
the loose and dense states is shown in 
Fig. 7. 

The dense state is characterized by 
an intergranular fracture at a definite 
angle. The loose state failure is more 
complex, starting with a split due to the 
Poisson effect and then developing to a 
failure along a plane of shear. In the 
dense state the gel content is at a mini- 
mum and the mechanism of failure is 
frictional, grain-to-grain. The loose state, 
however, contains more voids filled with 
gel, and the failure is more a failure of the 
gel than in the dense state. Extrapolating 
to the gel independent of the soil, the 
failure should be a split along the weak- 
est system of crosslinks. 

The validity of the hypothesis in re- 
lation to the effect of soil properties and 
strength was checked in accordance with 
a statistical analysis of groups for soils 
with common characteristics. The hy- 
pothesis of this investigation stated 
that the mean grain size and the range 
of grain sizes were a significant factor in 
the strength of the stabilized soil. Five 
soils were used to test its validity, three 
of which were of different mean grain 
size while three differed in range of grain 
sizes. The tests were performed in the 
unconfined strength condition on the 
assumption that a similar interpretation 
would be true for the confined strength 
condition. The statistical analysis is 
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shown in Table VII where ABC repre- 
sents the test of the fineness of the soil 
and BDE represents the test of the range 
of sizes in a given soil. 

The reasoning behind the statistical 
test is as follows: The measure of sig- 
nificance of a single variable tested is 
reflected in the dispersion of the data 
taken over this variable. Thus if the 
dispersion as measured by the standard 
deviation is small, the test fails and the 
variable being tested has in fact no sig- 
nificance. On the contrary, if the stand- 
ard deviation is large, then the test 


Fic. 6.—Continued. 


proves that the variable being tested is 
in fact a variable. The values in Table 
VII demonstrate this test both ways. 
The collection of data on the full range 
of soil grouping BDE indicates a popula- 
tion standard deviation below that for 
the same soils tested individually. This 
indicates that for the soils tested there 
is no influence on strength accruing 
from range of grain sizes. 

In order to determine the influence in 
the loose and in the dense states of range 
of sizes, the data were broken down to 
these relative density states and ana- 
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(a) Dense 


Fic. 7.—Failure of Stabilized Soil. 


lyzed independently. The results taken 
on face value would confirm the pre- 
vious interpretation of the independence 
of the range of grain size as a measure 
of strength. The specimen size for this 
analysis was quite small, and the results 
of soils B and D biased the results of soil 
E. An examination of Fig. 3 and Fig. 
6(e) indicates that at 0 per cent relative 
density soil E showed significantly dif- 
ferent strengths and failure conditions 
than all the other soils. This would in- 
dicate that the soil gradation has an 
influence but only beyond a definite 
lower limit. Thus the gradation does 
have an effect on the strength, but only 
for the better graded soils. The better 
graded soils will insure grain-to-grain 
contacts, and thus the strengths of the 
stabilized mass will be partially due to 
the soil and partially due to the gel. 
For the gradations measured at 100 per 
cent relative density, the analysis indi- 
cates that the effect of gradation is small, 
at best. 


TABLE VII.—STATISTICAL REGRES- 
SION ANALYSIS OF UNCONFINED COM- 
PRESSION STRENGTH IN TERMS OF 
SOIL GROUPS. 


|Number of 


Relative 
Sg,psi | Density Da, Test 
per cent Samples, ” 
ABCDE..... 9.3 | Oto 100 56 
a 11.5 | Oto 100 33 
ae 4.4 | 0 to 100 34 
SAS 2.68 0 to 36 13 
ae 15.96 94 to 100 6 
ae 3.85 0 to 36 12 
BpE...... | 3.83 | 91 to 100 9 


The effect of fineness of the soil can 
be ascertained by means of the same 
statistical test. In the loose state, the 
low value of the standard deviation in- 
dicates that the strength is independent 
of the fineness. The reason for this is 
that the manner of failure in the loose 
state is through the gel. The large de- 
viation in the dense states indicates that 
the wetted surface is of predominant im- 
portance and that the fineness is a highly 
significant feature of the strength criteria. 
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In general, the relative magnitudes of 
the deviations for the fineness measure- 
ment and the gradation indicate that the 
fineness is the more significant feature of 
the strength. This interpretation should 
be approached with caution, however, 
since the more poorly graded soils tend 
to bias the statistics. 

With regard to the relation of the soil 
properties versus the strength at 100 
per cent relative density, the results 
for unstabilized soil are somewhat differ- 
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tween chemical and soil particle, (0) 
the tensile bond forces within the poly- 
mer itself. 

The magnitude of the internal ten- 
sions is dependent on the relative density 
of the soils. The denser a given soil 
the closer the grains. The closer the par- 
ticles the shorter and stronger will be 
the chemical bonding links between 
grains. 

The fineness of the soil will influence 
the relative magnitudes of the adhesive 
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ent than would be expected. The strength 
increases as the fineness, Dso , decreases, 
all other variables remaining constant. 
The soil itself exhibits a certain strength, 
due predominantly to the frictional re- 
sistance preventing grain slip. The addi- 
tion of the gel introduces internal tensile 
stresses, binding the grains together and 
raising the restraint level. This results 
from the gel filling the voids. 

The mechanical behavior of soil ini- 
tially stabilized with an adhesion chemi- 
cal will be increased several fold. 

The internal tensions for a fully satu- 
rated newly gelled soil emanate from two 
actions: (a) the chemical adhesion be- 


Vertical Strain, in. per in 
Fic. 8.—Typical Unconfined Compression Stress-Strain Behavior. 
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bonding links. The soil fineness will be 
inversely proportional to the amount of 
adhesive surface available and thus in- 
versely proportional to the internal ten- 
sion available. 

The effects of the gradation on the 
internal tension forces are governed by 
the coarser fractions. The greater the 
percentage of the coarser fractions the 
smaller the available adhesive grain 
surface and the lower the internal ten- 
sion. 

Examination of the © stress-strain 
curves of the five stabilized soils at 
various relative densities indicates that 
the vertical strain at the maximum load : 
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increases with a decrease in relative den- 
sities. A typical curve is presented 

Fig. 8. In the dense state the grain com- 
pliance is such that there will be small 
deformations prior to slip and maximum 


load. In the loose state, the particles not ° 


being as closely together, more slip 
will occur before failure and thus more 


deformation. 


The effect of confining pressure in- 
creases the strength and the vertical 
strain at maximum stress. This is simply 
the mechanical effect due to the external 
boundary conditions strengthening the 
entire system 

The general stress-strain relations are 
nonlinear and time dependent. The ini- 
tial section of the curve shows a higher 
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degree of linearity than the sections at 
relatively high strain. In this early stage 
the internal tensions tend to hold the 
grains in contact, producing a particle 
deformation, predominately elastic. If 
there was not full grain contact prior 
to testing, the initial movement serves to 
bring the grains into contact; this ac- 
counts for the initial concavity of the 
stress-strain curve. Immediately prior to 
failure, 'the grains incur friction slip, 
resulting in nonrecoverable strain. The 
effect of the friction slip on the stress- 
strain properties is more pronounced in 
the dense state due to the greater particle 
compliance. This effect is shown by large 
permanent deformations resulting from a 
load-unload cycle at a small percentage 
of the maximum strain. No creep tests 
were performed, but it can be assumed 
that the stabilized soil will undergo a 
creep deformation. 


Stabilizer Concentration: 
* A series of unconfined compression 
tests were run on soils B, C, D, and E at 
varying concentration of the stabilizer. 
The intent of this series of tests was to 
determine quantitative information on 
the change in strength with changes in 
chemical content. For concentrations 
other than 7 per cent Stabilizer AM-9, 
tests were run only on the loose and 
dense states. (Since the previous test 
series proved the linearity between rela- 
tive density and strength the same form 
of relation was considered to, hold true 
for all chemical content.) 

These test results are the results of 
117 independent usable tests (11). A lin- 
ear regression analysis was performed 
for each test series, establishing a least 
square mean line for the relation be- 
tween relative density and unconfined 
compression strength. These regression 
lines are presented in Figs. 9(a@) to (@), 


along with the data points, h 
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Effects of Drying: — 


The effects of aging were tested in two 
ways: (a) by air drying a series of cylin- 
ders of varying size and measuring the 
time dependency of volume and unit 
weight change and (0) a series of identi- 
cal sized cylinders were permitted to 
age and were tested in unconfined com- 
pression at various intervals. The change 
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with time in the unit weight of the speci- 
mens is shown in Figs. 10 and 11. 

The results of the tests show that 
there was no measurable volume change 
during the aging period through the 
point of equilibrium. 

The unconfined compression strength 
tests of the soils indicated that after a 
few days the strength decreased with 
relation to the freshly gelled state, but 
beyond this point proceeded to increase 
until, at the end of 35 days, the un- 
confined compression strength was in the 
order of 10 times the original strength of 
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the stabilized soil. A series of typical 
stress-strain curves during the aging 
process is shown in Fig. 12. 

As drying progressed another phe- 
nomenon was observed. The outer sur- 
face of the specimen hardened and the 
inner core remained in its original softer 
state. The thickness of this outer hard- 
ened ring increased as the drying pro- 
gressed until it comprised the total speci- 
men at the end of the drying period. 

The drying phenomenon starts at the 
outer boundary surface where macro- 


scopic extensional cracks form in the gel. 
As these cracks form, they permit new 
surfaces of evaporation to develop and 
the gel tends to shrink toward the par- 
ticles. The particles themselves are 
bound at the contacts by gel which is 
relatively unexposed; thus, the particles 
will remain in their original glued posi- 
tion. This explains the constancy of 
volume. Since the gel is mostly free 
water which is evaporating, the total 
unit weight of the specimen will be re- 
duced. As the air voids in the outer ring 
increase, the rate of drying in the region 
will increase. In addition, the presence 
of these air voids permits the extension 


of the drying process to the inner ele- 
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Stabilized Soil After Air Drying. 


ments of the mass. The net effect of this 
action is to achieve a negatively expo- 
nential drying curve. Due to the greater 
number of free surfaces, the evaporation 
process will proceed at a faster rate in 
the outer ring than inward. Thus, the 
outer boundary surface will probably 
have reached a state of equilibrium 
while the inner portions are still in the 
very early stages of drying. 

As the gel shrinks toward the soil 
grains, a capillary meniscus is formed 
which will greatly magnify the strength 


of the soil. A microphotograph of the 


stabilized soil at the end of the shrinkage 
process is shown in Fig. 13. 

The rate of increase of unconfined 
compressive strength is a function of the 
strain mechanism and the rate of drying. 
The material during any phase of the 
process of drying is a two-phase material, 
consisting of a hardened outer shell and 
a soft core. These two materials are 
joined in such a manner as to require 
complete continuity of radial and tan- 
gential stresses and vertical and radial 
displacements along the cylindrical 
boundary between materials. The test 
conditions require that the entire sys- 

tem be under a uniform displacement. 
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The increase in strength parallels the 
increase in the hardened outer core and 
the development of capillary stresses. 
A typical failure is shown in Fig. 14. 
The character of the failure appears to be 
a modified cup-cone failure with the 
hard outer portion failing in shear along 
an oblique slip plane while the soft inner 
portion has an almost horizontal failure 


surface. This phenomenon partially fol- 
lows the failure of sandstone cylinders 
observed by von Karman (7). von Kar- 
man found that failure of brittle ma- 
terials in compression began at the cylin- 
drical surface and was concentrated 
along conical surfaces which formed a 
wedge into the middle portion of the 
test specimen. von Karmiin’s test ma- 
terial was generally uniform, and the 
material here tested was not. Thus, the 
stress conditions must be modified to 
account for the geometry of the material. 
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Alternate Wetling and Drying: 


In order to determine the effect of 
cycles of alternate wetting and drying, 
a factorial experiment was established 
on soil B in the dense state. The speci- 
mens were molded for a relative density 
between 87 and 100 per cent. The factor- 
ial experiment was designed to determine 
two effects: (1) the effect on strength of 


the number of cycles of wetting and dry- 
ing, and (2) the effect on strength of the 
length of the cycle of drying or wetting. 

The samples were cast, dried, and then 
soaked for the requisite times listed in 
Table I. The measure of response was 
the unconfined compression strength 
tests which were made after the last 
soaking cycle. Test results are presented 
in Fig. 15. An analysis of variance and 
F-testing of the test results indicate the 
following: 

(a) The effect on strength of alternate 
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Fic. 15.—Dry-Wet Unconfined Compressive Strength Response. 
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cycles of wetting and drying was of no 
significance for drying periods of 10 days 
and longer; (6) The effect of alternate 
cycles of wetting and drying had no in- 
fluence on strength. The only factor in- 
fluencing strength reduction was the 
total number of drying days. Thus, 3 
drying days at 3 cycles or a total of 9 
drying days gave a strength reduction 
equivalent to that attained after 10 dry- 
ing days at one cycle; and (c) The mean 
equilibrium strength after drying and 
wetting was 52 per cent of the original 
strength. The total range of deviations 
from the mean is 8 per cent on either 
side of the mean. 

Thus, in the measured time range, a 
single influence only is to consider—the 
length of drying time up to the equilib- 
rium condition of maximum strength 
decrease. 

When the specimen dries, the chemical 
bonds are stretched and broken. If the 
effect on chemical bonding only is con- 
sidered, since no capillary stresses are 
effective in the rewet state, the specimen 
will become potentially weaker as the 
drying process lengthens. Thus, the poly- 
mer will have lost much of its strength 
on rewetting when the capillary stresses 
are relieved. It is logical therefore that 
the rewet strength should be inversely 
proportional to the length of drying time 
up to a point where complete equilibrium 
is achieved in the extensional rupture of 
chemical bonds. When this point of equi- 
librium is attained, all the bonds likely 
to rupture will have broken’ and the 
effect of cycles of wetting and drying will 
be nil. 

The typical total unit weight change 
curves of Fig. 16 indicate a single gen- 
eral trend, namely, that the unit weight 
at the end of the-drying cycle is pro- 
gressively reduced as the number of pre- 
vious cycles increases. This reduction is 
greater than the increase in unit weight 


AND 


due to the wetting cycle, and indicates 
that after the initial drying the range of 
fluctuation of unit weight is increasing. 
This weight reduction is the measure of 
the free water held in the gel and the 
soil voids after the initial drying. After 
the first drying period the wetting fills 
the voids formed and ‘a relatively small 
amount of water is absorbed by the gel. 
The subsequent drying drives out the 
void water and along with it more of the 
gel water than had been previously evap- 
orated. A subsequent rewetting fills the 
voids anew and again increases the 
weight. 

Many of the conclusions which may 
be drawn from this study apply in some 
degree to the mechanisms of behavior of 
granular soils when treated with any 
adhesive chemical: 

1. The strength of the stabilized soil 
in the loose state is fundamentally gov- 
erned by the gel and only slightly mod- 
ified by the strength of the soil. 

2. The strength of the stabilized soil 
in the dense state is fundamentally gov- 
erned by the soil and only slightly mod- 
ified by the strength of the gel. 

3. The stabilizer will introduce inter- 
nal tensions in the stabilized mass, the 
magnitude of which will depend on the 
chemical nature of the stabilizer. 

4. The angle of internal friction in the 
dense state for stabilized soil is of the 
same magnitude as for the unstabilized 
mass. 

5. The angle of internal friction in the 
loose state of a stabilized mass due to 
grain lubrication and weakness of gel as 
a void filler is markedly reduced from 
its unstabilized value. 


CONCLUSIONS 


6. The Mohr-Coulomb failure crite- 
rion is valid for the stabilized mass. 
7. In the loose state, the strength of 
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the stabilized mass is independent of the 
fineness of the soil. 

8. In the dense state, the strength of 
the stabilized mass is dependent on and 
increases with the fineness of the soil. 

9. In the loose state, the strength of 
the stabilized mass will be modified by 
the gradation for size ranges greater 
than a limiting value. The better the 
gradation the greater the strength. 

10. In the dense state, the strength of 
the stabilized soil will be relatively in- 
dependent of the gradation. 

11. The fineness of the soil is relatively 
more important than the gradation in 
terms of the strength of the stabilized 
soil. 

12. There is no significant effect of 
strain rate on the strength of the stabi- 
lized soil for strain rates greater than or 
equal to 0.025 in. per min. 

13. There will be nonoticeable volume 
change in fully saturated soils subject to 
axially symmetrical evaporation sur- 
faces. 

14. Drying of soil stabilized with 
Stabilizer AM-9 will produce an_in- 
crease in strength which will be 10 or 
more times the freshly gelled strength. 

15. The increase in strength due to 
drying will be due to the imposition of 
capillary forces. 

16. Drying of stabilized soil will pro- 
ceed in layers with the rate of drying 
varying between outer and inner layers, 
the outer layers drying at the fastest 
rate. 

17. The rate of drying will be depend- 
ent on the surface area available to evap- 
oration at a given instant and also on 
the vapor pressure differential across a 
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free boundary. The rate of drying is in- 


versely proportional to the surface area | 


available. 

18. Drying follows an exponential de- 
cay law in which the volume and surface 
area influence the frequency of the ex- 
ponential. 

19. Failure by straining of partially 
dried stabilized soil will initiate at small 
strains in the dry portion and propagate 
to the wet area of the soil as modified by 
the constraining effects of the dry area. 

20. Extended time of drying and cy- 
cles of wetting and drying will reduce 
the wet strength between 44 and 60 per 
cent of the strength of the freshly sta- 
bilized soil for a minimum drying length 
of one day for soils in the dense state. 

21. There is no real effect from several 
alternate cycles of alternate wetting and 
drying. The effect of strength reduction 
is due solely to the total number of days 
of drying. The specimens tested indi- 
cated a maximum strength loss after a 
total of 9 drying days. 

22. Successive wetting-and-drying cy- 
cles result in a net unit weight reduction 
at the end of the drying period. 
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MEASUREMENT OF SOIL PRESSURE ON A LATERALLY LOADED PILE* 


By Hupson Mattock! anp E. A. Rippercer! 


Direct measurement of soil reaction against a laterally loaded pile is im- i 3 
practical with the instrumentation presently available. It is possible, however, 
to determine the pressure indirectly by measuring strains in the pile and con- Er - on 
verting these strains to bending moments from which the pressure is then ob- | ly 
tained by double differentiation. To obtain satisfactory accuracy in the pres- burs oe 3 
sure determinations, a high degree of precision in the moment measurements Yat a 
is required. The order of accuracy required in the measurements, and special Salat i e 
procedures for obtaining such accuracy are discussed A set of sample results > 5 
is presented to illustrate the effectiveness of the special techniques and pro- " a - 
Methods presently available for de- The first steps toward a general solu- - 
sign of laterally loaded piles in soft clays tion of the problem of designing laterally = 


Either it is assumed that the pile can be terminations of soil resistance may be 
treated as a beam on a series of elastic found in the work of McClelland and | 
springs, or rough approximations are Focht (1)* and Mason and Bishop (2). _ 
made concerning the distribution of Progress toward the final solution will 
soil reactions. The development of either depend in part upon how successfully z 
of these approaches, or of some alternate further resistance-displacement data for 

method, into a completely rational pro-  pile-soil systems can be obtained. | 

cedure based upon the results of labora- 


generally fall into one of two categories. loaded piles by making use of field de- | : 


METHODS FOR MEASUREMENT ae 


tory or field soil tests will depend upon ne sw 
how successfully experimental data can Several methods for making direct ny 
be obtained. It is particularly important soil reaction measurements have been a 


that reliable measurements of the soil proposed and some have been tried, but 
resistance - pile displacement relation- mostly with indifferent success. Pressure 
ship for a wide variety of conditions be gages distributed along the pile can 
obtained. measure only the reaction on the area of 
Le. contact with the soil, whereas the de- 

* Presented at the Sixty-first Annual Meeting sired quantity is the total reaction per 


of the Society, June 22-27, 1958. unit length of pile. Consequently, even : 
1 Associate Professor of Civil Engineering, 

and Professor of Engineering Mechanics, re- 2 The boldface numbers in parentheses refer _ 

spectively, The University of Texas, Austin, to the list of references appended to this paper, 


Tex. see p. 1259. 
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if pressures are measured directly, further 
me analytical work, and possibly further 
if assumptions, are required to obtain the 
reaction acting against the full width of 
the pile. 

The difficulties associated with direct 
measurements may be avoided if the 
reaction distribution with respect to 
depth is determined indirectly from 
measured moments in the loaded pile. 
However, the moments must be meas- 
ured with a high order of precision to 
make the calculated distribution of reac- 
tion reliable. The object of the discussion 
which follows is to show what order of 
accuracy is required in the measure- 
ments, to describe techniques which 
make the required accuracy possible, and 
finally to present data which show the 
extent to which these requirements can 
be met. 


ANALYSIS OF PRECISION REQUIRED 
The load acting on an element of an 
elastic beam is related to the bending 
moment M by the familiar equation: 
dx® 
where x is the distance along the beam. 
Expressed in terms of finite differences, 
this becomes: 


where h is the interval between points at 
which moments are measured, and the 
subscripts indicate the number of inter- 
vals from the midpoint at which the 
indicated pressure is found. The per- 
centage error in the load due to a total 
error An, where 


n = M1 — Mu, 


1 
Po = je (M_; —_ 2M, + 


u 


Clearly, in those regions where moments 
are changing almost in proportion to 


depth, the value of 9 and of the soil 
pressure is very small, and a small 
measurement error results in a large 
percentage of error in the calculated 
load. 

To evaluate the order of precision 
required in the moment measurement, a 
hypothetical problem will be considered. 
Let it be assumed that a pile is driven 
in an ideally elastic soil in which the 
ratio, Es , of soil reaction to pile deflec- 
tion at any point is proportional to the 
depth below the surface. Stated mathe- 
matically, this is equivalent to E, = kx. 
The data necessary for calculating the 
moment in the pile are assumed as 
follows: 

k = 0.015 kips per sq in.* 
length of pile = 600 in. a 
EI of pile = 11.66 X 10° kips per sq in. 
lateral thrust applied at the mudline 

16.67 kips 

Solution of the differential equation by 
finite differences, with a spacing of 6 in., 
gives the following set of moments in the 
vicinity of the maximum soil reaction 
(3). 


Depth, x, in. Moment, M, in.-kips 
692.7 
727.0 


Assuming that these represent the correct 
moments, suppose that a positive error 
of 1 per cent (6.9 in.-kips) has been made 
in the determination of the moment at a 
depth of 54 in., but the moments at 42, 
48, 60, and 66 in. are correct. At 54 in., 
then 
n = 648.6 — 2 X 692.7 + 727.0 = —9.8 

An = 2X 69 = +138, 
and 


| 
is: 
4? 
Po 


4 
Thus, an error of 1 per cent in one of 
the measured moments causes an error 
of —140 per cent in the reaction. Of 
course, if the error had been made in 
M_, or M,,, the effect on po would have 
been only half as much, but opposite in 
sign. It should be noted, however, that 
the error in p» would still be +70 per 
cent, and the error in the pressure, com- 
puted at the point where the moment 
error was made would be in the order of 
— 140 per cent just as it was at the 54-in. 
depth. 

If the spacing / is changed, and the 
accuracy of moment measurement re- 
mains unchanged, the errors in the calcu- 
lated reactions are related as follows: 


Thus, increasing the spacing by a factor 
of 2 results in a division of the error by a 
factor of 4 but at the expense of increas- 
ing the interval along the pile considered 
each reaction computation. This 
- means that the resolution with respect to 
depth is reduced. 

--'To reduce the effect of experimental 
i the measured values can be 
smoothed in various ways. Care must be 

exercised in this, however, lest bona fide 
variations in the measured moments be 
smoothed away. One method which has 
been used with satisfactory results con- 
sists of fitting a cubic polynomial by the 
method of least squares to successive 
sets of five equally spaced points and 
then differentiating the polynomial at the 
midpoint of each interval. This procedure 
results in the following general formula: 


1 
= — — 2Mo — Ma + 


itisseen thatnow 


From this result, 


= 2M 42 Mas 2M, M_, + 2M 


This formula applied to the data in the 
example above gives: 


= —68.0 
and 
Ap +138 
= —0.20. 


The error in the vicinity of maximum 
pressure is thus reduced from 140 per 
cent to 20 per cent. Part of this improve- 
ment is due to the smoothing and part is 
due to the increased interval considered. 

Clearly, a high order of accuracy in 
the moment measurements is required if 
p is to be obtained from the measured 
moments, to a satisfactory degree of 
accuracy. 

The feasibility of measuring moments 
with the necessary precision can be 
estimated best if all the possible sources 
of error are examined. Methods for 
reducing or eliminating errors from the 
various sources can then be considered. 

The only feasible method available for 
measuring moment in a pile driven in 
the ground requires that the bending 
strains be measured using resistance 
strain gages. With the stiffness of the 
pile known, these strains can be con- 
verted to moments. Errors in the strain 
measurements can result from factors 
directly connected with the gages, such 
as, 

1. Errors in gage positions and orienta- 
tions, 

2. Errors in gage sensitivity factors, 

3. Creep and hysteresis in the gage 
bonding medium, and 

4. Electrical leakage from gages to 
ground. 


The instrumentation used to measure | 


the change in strain-gage resistance may 
introduce errors through: 
1. Lack of sensitivity, 
2. Errors in calibration, 
3. Faulty design, 

4. Lack of stability, and 
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5. Personal errors in reading or operat- 
ing the instruments. 
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With careful attention to the above 
sources, errors can be made very small, 
but accuracy is limited ultimately by 
inelasticity and hysteresis in the pile 
material itself. 

If EJ for the pile is used for the con- 
version of the strain to moment, any 
inaccuracy in the determination of EJ 
will be directly reflected in the moment 
values. For determination of pressure, 
however, it is not necessary that EJ be 
obtained. The pile can be directly 
calibrated for moment at each station 
in terms of observed strain. It follows, of 
course, that inaccuracies in the calibra- 
tion contribute directly to the total 
error in the moment measurements. 
Constant errors will contribute to the 
error in the reaction without amplifica- 
tion, but errors which are not uniform 
from station to station may be amplified 
‘considerably in the reactions, as indi- 
cated in the hypothetical example con- 
sidered above. 


TECHNIQUES AND INSTRUMENTATION FOR 
AccURATE DETERMINATION 


OF MoMENTS 

The techniques described below have 
been used to measure with satisfactory 
precision the moments in an actual test 
pile. This instrumented pile was 12.75 in. 
in diameter and had an embedded length 
of 42 ft. An extra 10-ft length was bolted 
onto the top of the test section, partly 
to serve as storage space for electrical 
cables during installation of the pile (4). 


Strain Gage Selection and Installation: 
The only way to eliminate errors in 
longitudinal and lateral gage positions 
and in gage alignment is to use extreme 
care in installation. Convenient working 
conditions facilitate the use of extreme 
care. This convenience was provided in 
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the test installation by cutting two 21-ft 
lengths of seamless pipe in half longi- 
tudinally and then mounting the four 
sections on blocks at convenient working 
height. 

Errors in gage sensitivity factors can 
be circumvented for a test pile by cali- 
brating the pile directly for moment as 
suggested above. The calibration tech- 
nique used in the test program will be 
discussed later. 

Creep and hysteresis in the gages can 
be minimized by proper selection of gage 
type and bonding medium. Baldwin SR-4 
type ABD-1 gages were selected for this 
investigation because previous tests (5) 
had shown this particular type of gage to 
be exceptionally free from creep and 
hysteresis. The gage length of this type 
is } in. and the nominal resistance is 350 
ohms. 

Before installation, the actual resis- 
tances of the gages to be used were 
measured to the nearest 0.01 ohm. The 
gages were then paired so that the differ- 
ence in resistance between gages in each 
pair was no more than a few hundredths 
of an ohm. These were mounted in the 
pile so that the gages in each pair were 
diametrically opposed. This precaution 
insured bridge balances near the zero 
point of the instrument and eliminated 
the need for zero-balancing circuits 
which are likely to introduce instability. 
As a further precaution, the gages with 
the lower resistances were installed near 
the bottom of the pile and those with 
the larger resistances were placed near 
the top. This tended to compensate 
for differences in lead-wire resistances 
to the gages, and thus make the special 
circuitry used more effective in min- 
imizing contact and lead-wire resist- 
ance changes. If a complete four-arm 
bridge had been installed at each point, 
the special circuitry would not have 
been required. However, considerable 
flexibility in measurement possibilities 


b 


would have been lost. With the ar- 
rangement used, any gage could be 
compared to any other gage, or to any 
of the ten unstressed dummy gages 
installed in the pile. Thus, the loss of any 
one gage during driving and subsequent 
testing would not result in the complete 
loss of a station. A total of 70 active 
gages and 10 dummy gages was installed. 


(a) Sandblasting of pile surface. 
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mnection of flex 


fibers directly under the grid-to-lead 
junctions. Experience has shown that this 
precaution prevents the lead-wire junc- 
tion from cutting through under the 
clamping pressure and coming into con- 
tact with the base metal. A special clamp, 
shown in Fig. 1(a), was used to apply, 
through an aluminum plate and Neo- 
prene pad, the pressure needed to hold 


Fic. 1.—Installation of Gages. 


This gave a total of 35 measuring sta- 
tions, with a spacing that varied from 6 
in. near the top to 48 in. in the lower 
portion of the pile. 

Immediately prior to installing the 
gages, the interior of the pile was thor- 
oughly sandblasted at the points where 
the gages were to be located, to insure a 
perfectly clean surface. Phenolic resin 
cement was used to apply the bakelite- 
backed gages. The only variation from 
recommended procedure for installation 
was the placement of a thin ai) of glass 


the gage, and a coiled spring in the clamp- 
ing device maintained the proper pres- 
sure during curing. The other views in 
Fig. 1 show the attachment of very fine 
and flexible lead-wire extensions and 
securing of the junction with Armstrong 
type A-2 epoxy adhesive to prevent 
breakage during driving. The effective- 
ness of this method of strain relief in the 
lead wires is indicated by the fact that 
not a single connection was broken 
during service. 

The heating for the 


Junctions secured with Epon. 
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phenolic resin used for bonding was done 
in the specially built curing oven, as 
illustrated in Fig. 2. This box was built of 
plywood and was lined with Fiberglas 
and aluminum foil insulation. Wire 
heating elements were suspended on 
porcelain insulators below the lids of the 
box. These lids may be seen at the left 
of the box in the figure. The temperat 


MATLOCK AND RIPPERGER 


bridge. However, where extremely good 
stability is required and ultra-sensitive 
instrumentation is used, the resistance to 
ground should be 500 megohms or more. 

Several years of study of waterproofing 
by the authors has indicated that ade- 
quate protection of gages on driven 
foundation piling is extremely difficult to 
obtain. Where water is in immediate 


Fic. 2.—Electrically-Heated Box for Curing the Phenolic-Resin Strain-Gage Cement. 


in the box was controlled by a thermo- 
stat. Uniformity of the pile temperature 
during curing was carefully checked 
using surface-type thermometers and 
Tempilstiks. 


W ater proofing of Strain Gages: 


Minimum resistances to ground of 50 
to 100 megohms are usually recom- 
mended for ordinary strain-gage prac- 
tice. Variations in a shunting resistance 
above this value usually do not cause 


contact with a gage installation, the 
combined effects of water pressure and 
the shock of driving cause entry of small 
amounts of moisture. Resulting electrical 
leakages produce an effect similar to 
the shunting produced by a resistance 
connected in parallel with the gage. 
Many methods for waterproofing gages 
are to be found described in the literature 
on stress analysis (6-10). However, most 
of these methods have not been proved 
to give absolute and permanent protec- 
tion, particularly under the severe con- 
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_ ditions where installations on driven 
_ foundation piling are exposed directly to 
water. For this reason, the test pile was 
_ provided with a closed end and was 
_ carefully leak-tested after the parts were 
_ reassembled and welded together. Since 
_ there still remained the possibilities of 

moisture reaching the gages due to 
damage during driving or from atmos- 
humidity during testing, the gages 
"were waterproofed by what appeared to 


(a) Connections at the under- 
side of the polyethylene covers. 


(b) Cementing and coating of 
covers with adhesive. 


but also to permit fusing of the lead 


wires into the covers. The point of lead- __ 


wire entry has been observed to be a 


critical point for moisture entry. Cables 


with extra-thick polyethylene insulation 
on each conductor were fabricated 


especially for this investigation. Extru- _ 


sions of the same grade of polyethylene 


were obtained for blank stock for the 


gage covers to make fusing to the lead- | 


wire insulation easier. 


(c) Covers secured with Epon. 


Fic. 3.—Installation of Waterproofing. 


the authors to be the best method avail- 
able at the time. 

Polyethylene, which is classed as a 
plastic but which chemically is a wax, is 
almost perfectly resistant to the passage 
of moisture. Furthermore, it is inert and 
therefore cannot affect paper and nitro- 
cellulose gages by migration of plasti- 
cizers. It is a thermoplastic and can be 
molded and fused. Therefore, covers for 
the strain gages were made of poly- 
ethylene. The lead wires were also in- 
sulated with the same material, not only 
because of the waterproofing quality, 


The polyethylene covers were ce- 
mented in place over the strain gage 


installations with a special resin cement. _ 


This resin cement was the only one— 
found which adhered readily to poly- 
ethylene; it had very poor mechanical 
strength and served primarily as a seal 
between the polyethylene covers and 


the pile surface.* Mechanical strength for _ 


Since the completion of this investigation, 
some important advances have been made in 
the adhesives field which make it possible to 
cement polyethylene to itself and to other 
materials more effectively. 
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Typical Pair of SR-4, ABD-1 Strain 
Gages Diametrically Opposed in ———~ 
Test Pile. 


holding the covers in place was provided 
by a covering of epoxy adhesive. 

A laboratory test of this waterproofing 
method was conducted prior to installa- 
tion of any of the covers in the pile. In 
this test, a pair of gages was mounted on 
a steel strap and waterproofed by the 
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technique described above. The strap 
was connected to a steel rod and sub- 
merged in a tank which could be sealed. 
The rod passed through a packing gland 
in the cover of the tank. With the cover 
in place, the tank was filled with water 
under a pressure of approximately 90 
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psi. To produce the effects of impact, the 
end of the protruding steel bar was struck 
with a hammer. The gages were left in 
the test tank for approximately ten days 
and subjected to impacts periodically. 
Satisfactory performance under these 
conditions indicated that this method of 
waterproofing would be satisfactory for 
the field installation. Waterproofing of all 
the gages in the test pile was then com- 
pleted in accordance with this technique. 

No water entered the test pile during 
driving; consequently, this waterproofing 
was not given a severe field test. Re- 
sistance to ground of several of the gages 
did drop below the 500-megohm level 
several months after the pile was driven, 
but these resistances were brought back 
up to a satisfactory level by putting 
silica gel in the pile. This drop was an 
indication, however, that the water- 
proofing was not completely successful. 
Close-up views of the polyethylene covers 
and the details of installation are shown 
in Fig. 3. 


Instruments and Circuits for Strain 
Measurements: 


The precision required in the moment 
data for successful determination of soil 
pressures by double differentiation dic- 
tated the use of manually operated 
instruments as opposed to automatic 
recording instruments. Direct-current 
circuits were selected to secure maximum 
dependability and stability. 

The normal procedure planned for 
reading the gages was to connect them 
in pairs in two adjacent arms of a Wheat- 
stone bridge circuit. However, in the 
event any gage should be lost during 
handling and driving, the remaining 
gage would be read by comparing it with 
one of the ten dummy gages in the pile. 

In order to minimize errors in reading 
which might be caused by changes in 
lead-wire resistance and in contact re- 
sistances and to obtain strain readings of 
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the highest precision, four lead wires were 
brought out from each gage. These lead 
wires were then connected into a circuit 
which minimizes errors arising as a con- 
sequence of long lead wires and contact- 
resistance changes (5). The general ar- 
rangement of the gages, lead wires, and 
the principal features of the bridge 
circuit are shown in Fig. 4. All of the 
circuit below the dotted line in this 
figure, with the exception of the elec- 
tronic null indicator,.is in an instrument 
case which houses the slide wire. It can 
be shown that if the resistances R, and 
R2, Rs; and Ry, are properly chosen, 
changes in lead-wire or contact resistance 
will not result in any appreciable change 
of the bridge balance point. Virtually no 
current flows in the lead wires whose 
resistances are indicated as R; and Ry, 
and thus they act essentially as potential 
detecting leads. 

The fixed resistances in the bridge 
circuit were provided by selected pairs of 
ABD-1 gages mounted on steel straps, 
}-in. thick, supported in a vertical posi- 
tion inside the case which housed the 
slide wire. The slide wire, which was 
especially designed to give the accuracy 
of measurement required in this investi- 
gation, is a piece of Manganin wire, 46 
ft long, with a resistance of 0.107 ohms 
per ft. It is wound into a helical groove 
cut in the surface of a Plexiglas drum 6 
in. in diameter and 11 in. long. 

The slide-wire drum was calibrated by 
inserting 500-ohm resistors (accuracy, 
+0.05 per cent) in thgse arms of the 
bridge which in normal service the 
measuring gages would occupy. Each of 
the resistors was then shunted in turn 
with precalculated values of resistance 
set on a decade resistor having an ac- 
curacy of +(0.05 per cent +0.30 ohm). 
The precalculated values of decade 
setting were determined to give equal 
Increments of change in resistance per 
unit of original resistance, AR/R, in one 


‘ 
A 
i 
i 
bet 
+, 
bd 
| 
P 


1254 


bridge arm, equal to 100 K 10~-* ohms 
per ohm, which corresponded to about 
2 in. in length along the wire. The entire 
usable length of the slide wire was then 
marked off in these increments. After 
marking the midpoints between the 
calibration marks, a corresponding 50- 
unit interpolating scale was placed on 
the sliding contact arm. The least di- 
vision on the interpolating scale was 
5 X 10-* ohms per ohm. This allowed 
estimation to 1 X 10~* ohms per ohm. 

It is interesting to note that variations 
of as much as 2 X 10~* ohms per ohm 
occurred in the 1-in. distance between 
50-unit marks. Careful checking indi- 
cates that this represents variations in 
resistance per unit length of Manganin 
wire. Wire manufacturers have confirmed 
that this is about equal to the limit of 
manufacturing tolerance. 

A Brown Electronik null indicator 
was used for indicating the bridge bal- 
ance point. This instrument has an input 
resistance of at least 1000 ohms and a 
rated sensitivity of at least 1 X 10-® amp 
per mm of deflection. 

Estimating that the maximum reading 
error will be +2 X 10~* ohms per ohm, 
with two arms active and with a gage 
factor (AR/R per unit of strain) of 2.03, 
the maximum error in a single reading of 
strain in the pile is equivalent of +0.5 X 
10~-® in. per in. strain. It was observed 
that with stable load and temperature 
conditions in the pile, the sum of four 
readings, which constituted one observa- 
tion at each station and was expressed in 
“slide-wire units,” could be duplicated 
regularly within four slide-wire units 
(0.25 X 10-* in. per in. of strain in 
either measuring gage) and frequently to 
within one or two units. 

A standard reference for checking the 
instrument is provided by two ABD-1 
gages mounted side by side on one piece 
of steel inside the instrument box. This 
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reference pair can be switched into the 
bridge at any time in place of externally 
connected measuring gages. 

Connections to the four lead wires from 
each of the gages were made through 
banana jacks mounted in aluminum 
terminal boxes. This system was used in 
preference to switching because of its 
simplicity, flexibility, and_ reliability. 
The cables and terminal boxes were 
stored within the head section of the 
pile during driving. 

The procedure followed in taking 
readings contributed to the accuracy of 
strain determination. In addition, it had 
a number of self-checking features which 
made it possible to detect gross errors 
the instant an observation at a given 
station was completed. 

After the first balance of the bridge was 
made, the reading was recorded on the 
tape of a printing-type adding machine. 
The battery polarity was then reversed 
and the bridge rebalanced. This reading 
was tabulated on the adding machine 
tape and added to the first reading. 
Clock time was printed on the tape also 
at this point for use later in interpolation 
required because of creep. The positions 
of the gages in the bridge arms were then 
reversed, the bridge was again balanced 
twice and the readings entered in the 
machine. The four bridge readings were 
then summed and printed on the tape. 
This sum represents four times the true 
instrument balance-point value. Any 
appreciable change in this quantity with 
different sets of gages is an indication 
of error somewhere in the observation. 
To obtain the indicated moment in 
slide-wire units, the sum of the first two 
readings is subtracted twice from the 
sum of all four readings. This gives 
(Z3 + Zs) — (Z,; + Ze) which is four 
times the change in AR/R. The net 
change in the indicated moment is 
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obtained by subtracting the original 
no-load value from the indicated moment 
reading. Each step in the procedure and 
its significance are illustrated in Fig. 5. 
This procedure not only makes higher 
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Since neither the cross-section of a 
pile nor the modulus of elasticity are 
precisely known, accuracy in the calcu- 2 : 


Calibration of the Pile: d 


lation of moments from measured strain 
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reading accuracy possible by cancelling 
out the effects of thermal emf’s, largely 
responsible for the differences between 
Z, and Zz and between Z3 and Z, but 
also provides an immediate check for 
mistakes in reading and_ recording. 
Mistakes also can be detected and cor- 
rected satisfactorily long after the read- 
ings are made. 


9 69. -(Z)) First Reading (in Micro OHMS Per OHM) 
9 7 0. -(Z2) Second Reading (Polarity Reversed) 
9 3 9.0}+Sum of First Two Readings 


5. [(Z3) Third Reading (Gages Reversed) 

3. [(Z4q4) Fourth Reading (Gages & Polarity Reversed) 
7.9 Sum of All Four Readings (4X Instrument Zero) 


~ P Sum of First Two Readings (Subtracted Twice) 
9.0 (Z3 Indicated Moment (in Slide -Wire Units) 


3 9.-—-Less No-Load Indicated Moment 


| 9 O0.%- Change In Indicated Moment Due To Applied Load dl 


Fic. 5.—Method of Recording Strain-Gage Readings. 


requires that the pile be calibrated by 
applying known moments and measuring 
the corresponding strains at each station. 
It should be noted that if the pile is 
calibrated with a moment distribution 
exactly similar in form to that expected 
in the testing program, errors in the 
placement of the gages can also be nul- 
lified. It is usually not practical to cali- 
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brate with such a moment distribution, 
however. 

The average stiffness of the pile, E/, 
is not required for moment calculations 
if the pile is calibrated, but it is needed 
if deflections are to be computed. It can 
be obtained when the pile is being 
calibrated. 

The scheme which proved to be most 
satisfactory for calibration in the experi- 
mental work utilized the dead weight of 
the pile to produce a precise and stable 


accurately reproduced. The change in 
bending stress near the flange was about 
12,000 psi. 

Calibrations were obtained under both 
positive and negative moment with 
respect to the pile. After one set of simple 
beam and cantilever observations were 
made, the pile was rotated 180 deg about 
its axis, as determined by a spirit level. 
All observations were then repeated. 

Although most of the calibration work 
was done during cloudy and rainy 


change in moment. To obtain initial 
readings, the pile was first supported as a 
simple beam with one support at the 
flange and another at 480 in. from the 
flange or 24 in. from the pile tip. In this 
position, the reaction at the support near 
the pile tip was measured with an SR-4 
load cell. The pile was then supported in 
a cantilevered position with a tie-down 
secured at the top end of the 10-ft head 
section, as indicated by the small 
sketches in Fig. 6. The change in moment 
could then be accurately computed at 
every gage station of the pile, and it was 
found that strain readings could be 


tam 


> o 
= 
= > Loading for Simple Beam 
ae 
Loading for Cantilever 
Ss 
Difference of Simple Beam 
3 and Contilever Moments 
° £ 
Sw oO 4 6 8 0 2 4 6 18 20 22 24 26 28 32 36 40 
wt 
Distance From Flange, ft 


ooh Fic. 6.—Pile Calibration Method and Results. 


weather, or at night, transient tempera- 
ture changes were found to be sufficient 
to prevent complete calibration of all 
stations with one loading change. The 
elapsed time between cantilever and 
simple beam loadings was reduced to 
about 30 min by repeatedly alternating 
the support condition, with only a few 
stations being read before and after 
each change. 

The results of the calibration for cach 
station are plotted in Fig. 6. Each point 
represents the average of two inde- 
pendent determinations with the pile 
rotated 180 deg. The average variation 


tween determinations for the two 


be 


positions was 0.06 per cent. The varia- 
tions from a straight line of some of the 
points in Fig. 6 are in the order of 2 or 3 
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Fic. 7.—Creep Observations. 
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Fic. 8.—Typical Results from Lateral Loading of Pile. 
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per cent. This indicates the order of the 
error which would be introduced in the 
measurements of moments by the use of 
a calculated section stiffness. 

In order that the moments, and there- 
fore the pressures, which may be induced 
in the pile by the driving can be de- 
termined, absolute-zero moment read- 
ings should be made before the pile is 
driven. An attempt to do this by aver- 
aging two sets of simple beam readings, 
one taken before and the other after a 
180-deg rotation, was abandoned when 
it was found that transient temperature 
differentials between the two sides of 
the pile reduced considerably the relative 
accuracy of the zero readings which were 
obtained. A temperature differential of 
1 F between the two sides of the pile 
would cause an error in indicated moment 
of roughly 60 slide-wire units. To obtain 
better values, it would have been neces- 
sary to thoroughly insulate the entire 
pile. The zero readings which were used 
in data reduction were determined after 
the pile was driven. 
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INTERPOLATION FOR CREEP EFFECTS 


No matter how accurately the strain 
at a given station and at a given time 
may be determined, it is clear that calcu- 
lated pressures based on these strains 
may be practically worthless if the 
strains are changing rapidly with time 
and considerable time elapses between 
readings. To read the strain at 35 sta- 
tions on the test pile following the pro- 
cedure described above required at least 
35 min. During this time, the strain 
in the pile was changing due to the effects 
of consolidation and shear creep in the 
soil. The procedure which was adopted 
for minimizing the error introduced by 
this sort of behavior required two com- 
plete sets of strain readings at each load. 
Also, starting immediately after loading, 
creep was observed at several selected 
stations until changes with time became 
sufficiently slow and linear to allow 
satisfactory interpolations to be made 
between two complete sets of readings. 

The creep interpolation procedure is 
illustrated by Fig. 7. Observations taken 
during regular reading of all gages are 
shown with solid black circles in this 
figure. The connecting dashed lines with 
arrows show the sequence of reading up 
and down the pile. In processing the 
data, the value at time /o9 was obtained 
by linear interpolation between the two 
observations. By studying those stations 
which had been observed for creep, it was 
determined that the interpolation error 
was in nearly all cases negligible. 


TypIcAL RESULTS 


_ The test pile was loaded in increments 
with a controlled force applied at the 
mudline. A typical set of bending mo- 


ments in the pile, determined by scrupu- 
lous adherence to the techniques and 
proc laa described above, is shown in 


Fig. 8. 
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The deflection of the pile was obtained 
by numerically integrating the moment 
data and correcting for a slight amount 
of rigid body rotation. 

Soil reaction on the pile as shown in 
Fig. 8 was obtained by least-squares 
fitting of a cubic polynomial to successive 
sets of five moment values as explained 
previously. In the zone of the 6-in. 
spacings near the top of the pile, two 
independent sets of calculations were 
made using alternate sets of gages at 
12-in. spacing. These are indicated by 
the different symbols used for the plotted 
points on the reaction curve. Since 
each gage station was independently 
calibrated, these two alternate sets of 
pressure values are essentially independ- 
ent of each other, and the agreement in 
this zone indicates the degree of relia- 
bility of the results. 

It should be understood that by using 
a cubic polynomial the soil resistance 
values are based on the assumption that 
the pressure distribution is a straight 
line in the vicinity of the five points 
considered in each calculation. For the 
12-in. spacing, this means that the pres- 
sure distribution is approximated by the 
best straight line fit over a 4-ft interval. 
It is possible to increase the resolution of 
determinations of pressure distribution 
by decreasing the spacing between sta- 
tions. However, an increase in random 
scatter should be expected. 

Expressions were also derived for off- 
center differentiations of the fitted pol- 
ynomial for use at the top and bottom 
of the pile. Such differentiations result in 
an accuracy substantially less than that 
achieved by differentiation at the center 
of the interval. Near the top of the pile, 
the resulting straight dashed line at the 
top of the pressure curve in Fig. 8 is 
only a rough approximation of the true 
pressure distribution. Better results could 
have been obtained if this difficulty 


| 
i] 


had been ‘anticipated. Alteration of 
the loading connection could have pro- 
vided for several additional gage stations 
above the mudline. 

The general regularity of the plotted 
points in both the moment and the pres- 
sure curves is an indication of the con- 
sistency of results and therefore of the 
practicability of obtaining soil reactions 
by strain-gage measurements of bending 
strains. 


CONCLUSIONS 


Moment data of sufficient precision 
for calculating reliable soil reaction dis- 
tributions on a laterally loaded pile can 
be obtained using the strain-gage method. 
However, careful attention must be given 
to producing the best possible data. Fol- 
lowing are some of the considerations 
which are important: 

1. Gages should be selected which 
exhibit a minimum of creep and hystere- 
sis. 


2. All leads and attachments must be 
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adequately secured to prevent damage 
during driving. 

3. A degree of moisture protection for 
the gages much better than usual prac- 
tice is required. 

4. Circuits and instruments must be 
designed for maximum stability and sen- 
sitivity. 

5. Circuits which minimize the effects 
of lead-wire resistance changes should 
be used and techniques which eliminate 
the effects of contact potentials and 
resistances should be used. 

6. The gage stations must be _ indi- 
vidually calibrated with precisely known 
moments applied to the pile. 

7. Some smoothing should be applied 
to the data. 
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GRAVITY OF 


SPECIFIC MONTMORILLONITE 


By J. E. 


SYNOPSIS 


While running routine specific gravity tests on soils by air displacement, an 
unusually high value was obtained on a clay soil from Brown Field near San 
Diego, Calif. The presence of montmorillonite was suspected. A check of the 
geographic distribution of montmorillonite disclosed that the material is in- 
digenous to the area. A carefully planned and conducted experiment then 
showed a definite increase in specific gravity of the material with decreasing 
moisture content when measured by air displacement. This phenomenon ob- 
viously could not be indicated by normal water displacement methods. An 
analysis of the material conducted by the Massachusetts Institute of Tech- 
nology showed the material to contain a large percentage of montmorillonite. 
By a search of the literature definite information was uncovered showing 
that the “C” axis of spacing between the plates of montmorillonite varies 
with the moisture content and with the application of heat. The paper ~ 
describes a simple method that, in the opinion of the author, can detect quali- 
tatively the presence of montmorillonite clays in soils. It is believed that fur- 
ther research might develop a quantitative measure. 


By use of a specia! method, engineers 
of the District Public Works Office, Elev- 
enth Naval District have determined 


tion through the medium of gas displace- 
ment (in this case air) instead of the 
commonly used liquid displacement (wa- 


new sets of values for specific gravity of 
certain fine-grained soils. The research 
was accomplished in the Soil Mechanics 
and Paving Branch of the Eleventh Na- 
val District in San Diego, Calif. under 
the general direction of the author by 
E. M. Lindahl, C. V. McElree, C. E. 
Beard, and W. M. Archibald. 

The method involves the measurement 
of specific gravity by volume determina- 


* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

1 Construction Manage ment Engineer, Dep- 
uty Chief, Engineering Section Installations 
Branch, Air Force Division, Department of the 
Army and the Air Force National Guard 


Bureau, Springfield, Va. 


ter). 

The air displacement instrument is 
called a volumeter.? Briefly, the instru- 
ment is composed of two chambers, one 
of which contains the sample. The air in 
the sample chamber is put under pressure 
to a fixed amount, after which it is al- 
lowed to expand into an auxiliary cham- 
ber with a resultant pressure drop. 

The principle is based on the use of the 
gas laws which state: 


PiVi 
Ti Te 


2U_S. Patent No. 2667782, Engineering News 
Record, May 4, 1950. 
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where P, , and V; and 7; are initial ab- 
solute pressure, volume, and temperature 
respectively and P:, V2 and T: are the 
final absolute pressure, volume, and tem- 
perature respectively after the connecting 
valve is opened. 

Under the experimental conditions 
which prevail for the test, it may be as- 
sumed that there will be no change in 


A 


A—Sample chamber 

8B—Auxiliary chamber 

C—-Pressure gage 

-Air intake 

-Valve connection between A and B 
P—Air pump 


Fic. 1.—Diagram of Volumeter. 


temperature and therefore Eq 1 may be 
reduced to: 


Pi, Vi = P2, Ve 


Now, let P» 


. (2) 


barometric pressure, 
Py» = initial gage pressure, Py. = final 
gage pressure, A = volume of sample 
chamber, and B = volume of auxiliary 
chamber. 

Then the left-harid side of Eq 2 above, 
representing initial condition before the 
connecting valve is opened, may be writ- 
ten: 


(Po + Pu) A + PoB, 


ON SpeEcIFIC GRAVITY OF CLAY 


and the right-hand side of Eq 2 above, 
representing final condition after A and 
B are connected, may be written: 

(Po2 + Po) (A + B) 
When the above terms are equated and 
expanded, we obtain: 
PsA + + 


= + B) + RA + PB 
which reduces to: 
B) 


From the above it may be seen that the 
volumes in the sample chamber are de- 
pendent only on gage pressure and are 
unaffected by either temperature or baro- 
metric conditions. Figure 1 is a diagram 
of the air displacement instrument. 

In running a sample of the native clay 
materials from the Naval Auxiliary Air 
Station, Brown Field, Chula Vista, Calif., 
an unusually high specific gravity of over 
4 was obtained by the method described 
above. All sources of possible error were 
checked, and as none could be found it 
was theorized that the pressurized air 
had penetrated voids in the clay particles 
that were inaccessible to water. The sam- 
ple which showed the high specific grav- 
ity had been heated to approximately 
400 F by inadvertence and had been 
tested in the volumeter shortly after cool- 
ing to ambient temperature. A check of 
the same sample with ASTM Method 
D 854 — 58* gave a normal specific grav- 
ity of 2.74. A microscopic examination 
was made of samples which were air- 
dried and heated to 212, 400, and 600 F 
and there were no discernible differences. 
Spectrographic analysis of the soils used 
were interesting but inconclusive due 
principally to the chemical similarity of 
kaolinite and montmorillonite. 


3 Method of Test for Specific Gravity of Soils 
(D 854 — 58), 1958 Book of ASTM Standards, 
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_ The hypothesis that air penetrated 


voids which water could not reach was 
investigated and discarded. It was noted, 
however, that the sample tested with the 
volumeter or by ASTM Method D 854 
gave practically the same specific gravity 
under normal conditions of test. 

It was then theorized that excessive 
heat caused a collapse of the particle 
structure for certain types of clays. A 
search of the literature disclosed the fol- 
lowing facts: 

(a) E. S. Dana, in his ‘Textbook of 
Mineralogy,’ states that montmorillo- 
nites are to be found in San Diego County 
(Brown Field) and that bentonite (prin- 
cipal constituent, montmorillonite) is 
found along the West Coast (Mojave). 
Kaolinite, on the other hand, is widely 
distributed (all other clays tested). 

(b) According to recent investigations® 
there is a marked difference in the orien- 
tation and spacing between the plates 
which make up clay particles. Kaolinite 
clay plates are tightly held together 
whereas montmorillonite plates are dis- 
oriented and separated. This supports 
the belief that the Brown Field and 
Mojave clays contain important quan- 
tities of montmorillonites whereas other 
clays tested are composed chiefly of the 
kaolinites. 

(c) According to John C. Hathaway, 
in “Studies of Some Vermiculite-Type 
Clay Minerals,’’® 


“Heating the samples to 400 C causes a 
shift in the first-order peak to lower spacings 
without affecting the 7 A or the 3.5 A reflec- 
tion which suggests that a kaolinitic mineral 
is responsible for most of the intensities of 


4E. S. Dana, “Textbook of Mineralogy,”’ 
John Wiley & Sons, Inc. New York, N. Y. (1932). 

5S. J. Gregg, ‘Surface Chemistry of Solids,” 
Reinhold Publishing Corp., New York, N. Y. 
(1951). 

6 John C. Hathaway, “Studies of Some Ver- 
miculite-Type Clay Minerals,’ Clays and Clay 
Minerals, Nat. Academy Science, Nat. Re- 
search Council, Publication No. 395, p. 76 
(1954). 
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the 7A and 3.5A peaks. Samples 18-A, 
675F, and 947 show similar effects, although 
a slight shift of the 14 A reflection of 675F 
toward higher spacings suggests the presence 
of interstratified expanding layers. The 
400 C heat treatment causes a collapse of 
the 14 A spacing of samples 675F and 947 to 
much lower spacings than those obtained for 
the three remaining samples; the 7 A spac- 
ings, however, survive relatively intact. The 
results of a step-by-step heating program on 
samples 1B are shown in........ 
steady collapse of the 14 A reflection with 
increasing temperatures occurs until a 10 A 
spacing is reached at 800 C,” 


and 

(d) From “The Colloid Chemistry of 
the Silicate Minerals” by C. Edmund 
Marshall’ the following is quoted. 


“This innermost interference, however, in 
the case of montmorillonite changed its posi- 
tion with water content, thereby clearly 
proving, since the other lines remained fixed, 
that it is caused by planes parallel to the 
cleavage, whose distance apart varied with 
the water content of the clay.” 


A check of the assumption concerning 
the presence of large amounts of mont- 
morillonite clay was obtained through 
the courtesy of the Massachusetts In- 
stitute of Technology. The mineralogical 
analysis of a sample of Brown Field clay 
gave the following results: 

Of the —74 yu fraction: 

Hydrous mica clay, 85 per cent (equal pro- 
portions of illite and montmorillonite) 
Carbonate minerals, 13 per cent 

Organic matter, 1 per cent 
Free iron oxide, 0.8 per cent 


In order to investigate this phenomo- 
non of high specific gravity for mont- 
morillonite clays a plan of test was devel- 
oped to determine the causes for these 
unusual results. The testing method by 
air displacement had been used for over 
three years on hundreds of soil samples 

7C. E. Marshall, ‘“The Colloid Chemistry of 


Silicate Minerals,’’ Academic Press Inc., New 
York, N. Y., p. 7 (1949). 
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Wet 


Weight 
Water, g 


Weight 
Solids, g 


Volume 
Sample, ml 
(Volumeter) 


Volume Specific 
Solids Gravity 


Brown Fievp Native Soi. 


Column 1 


Column 2 


Column 3 
Columns 1 


Column 4 


Column 5 
4 


Remarks 


cr crs 


156.7 
161.2 
162.7 
163.2 
155.2 
128.2 
124.2 
109.7 

85.7 
140.7 
154.2 
159.7 
156.2 
145.2 
140.7 
141.2 


230 F—56 min 
230 F—91 min 
235 F—130 min 
235 F—170 min 
235 F—210 min 
235 F—245 min 
+11 min at 400 F 
+17 min at 400 F | 
+10 min at 600 F 
Water added 
Water added 
Water added 
Water added 
Water added 
Water added 
Water added 


Specific Gravity 


Brown Field Native Soil 


_|— Mojave Native Soil Minus No. 


_—Mojave Native Soil Minus No.40 


Sieve | 


O/eve 


TABLE IL—DATA FROM TESTS ON BROWN FIELD CLAY. 
| 
1......| 500 65 435 221.7 2.78 
2......| 500 55 445 216.7 2.78 
3......| 500 45 455 207 2.80 
4......| 800 35 465 | 198 2 85 
5......| 500 25 475 180 06 
6......| 450 15 435 ’ 39 
440 
8 ....:| 450 5 444.5 
9......| 450 5 445.5 
' 10......| 460 0 | 444 
0 445 
4 12......| 483.5 5 445 
13......| 497 442 | 2 
14.....| 464.0 404 205 
15......| 468 401 07 
400 | 223 
55 
5.0+— 
4 
"20 15 10 5 10 20 25 
Ge, Fic. 2.—Specific Gravity Air Displacement. 
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and always gave results which could be 
checked, and occasionally were checked, 
by ASTM Method D 854 — 58. Also, the 
volumeter was used to determine suc- 
cessfully the specific gravity of portland 
cement and bentonite clays and to de- 
termine moisture content of wet samples 
and bituminous content of bituminous 
mixes. The data from the tests on Brown 
Field clay are given in Table I. 

Of all of the soils tested, only two, 
Brown Field native material and the ma- 
terial from the Marine Corps Auxiliary 
Air Station, Mojave showed this dif- 
ference in specific gravity to an impor- 
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specific gravity against increasing mois- 
ture contents. In all cases, the two 
curves are practically symmetrical. It is 
noted that after the material has been 
repeatedly dried and wetted the final 
specific gravities tended to increase 
slightly. A possible explanation is that 
some of the fine grains or crystals were 
permanently shattered. 

Table III shows a very close check be- 
tween the two methods for determining 
specific gravity of the soils containing 
montmorillonite when tested after nor- 
mal drying and illustrates the important 
change that occurs in air displacement 


TABLE II.—STEPS IN DETERMINATION OF DRY SPECIFIC GRAVITY. 


Column 7 
Column 1 Column 2 Dry Weight Column 4 Column 5 Column 6 +e Crayi 
Wet Weight Weight Loss Sample Total Volume | Volume Water | Volume Solids eevee Seem sad 
Sample Dry Weight 1 by Volumeter | Columns 1 — 3 | Columns 4 — 5 Col 6 
+2 ‘olumn 
490.0 ¢g 50.7 490.0 209.2 ml 490.0 209.2 439.3 
439.3 111.54 158.5 
— 439.3 —50.7 
11.54 HO per} 439.3¢ 50.7 ml 158.5 ml 
cent 2.77 


tant degree. Extensive tests were run on 
these samples and the results plotted 
(Fig. 2). The dry specific gravity of the 
material is plotted along the ordinate 
and the moisture content is plotted along 
the abscissa. The individual points were 
obtained by starting the test with a wet 
sample and determining the dry specific 
gravity as shown in Table II. The test 
data from the Mojave soil are not shown 
in order to conserve space. 

It was never possible to test samples 
as dry as the heating made them, since 
during the process of testing they picked 
up approximately 1 per cent of moisture 
from the air. Therefore, the samples were 
gradually dried and the specific gravity 
measured at various moisture contents. 
After the sample was reduced to a mini- 
mum obtainable moisture content, water 
was added and a curve developed for 


TABLE III.—SPECIFIC GRAVITY. 


ASTM Volu- 

Matera | mete 

854 - 58 Heat 

Brown Field soil........ 2.74 | 2.77 | 5.19 
Mojave soil (—No. 40 

2.74 | 2.75 | 3.08 
Mojave soil (—No. 100 

rrr a 2.75 | 2.76 | 3.31 


when higher heat is applied to mont- 
morillonite clays. 

Table IV summarizes the results ob- 
tained from the testing of several dif- 
ferent materials and also gives certain 
other descriptive data pertaining to these 
materials for identification purposes. 

Because the laboratory equipment 
used is primarily intended for engineering 
tests, it is not adequate to conduct deli- 
cate research work. It is evident that 
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there are many side effects and corollaries 
whose detailed investigation is sug- 
gested by this basic problem. A few ob- 
vious points are as follows: 

(a) The effect (if any) of the residual 
pressure in the volumeter when readings 
are taken. This is the order of 5 psi gage 
pressure. 


| S (6) Additional gas absorption on the 


TABLE IV.—SUMMARY OF TEST | 


GRAVITY OF CLAY 


gineering work is not apparent at this 
time, there is no doubt that further in- 
vestigation and experience will disclose 
important uses. Based on the research 
conducted thus far, the following tenta- 
tive conclusions seem to be warranted: 

1. Apparatus used in these experi- 
ments would lend itself readily to such 
investigation. 

2. The constituent particles of some 


tESULTS OF VARIOUS MATERIALS. 


> 
2 
cl 
Ottawa sand......... 0 0| O non- 
plastic 


El Centro native soil..| 98 | 51 | 38 |56.030.0 
Camp Pendleton na- | 


27 | 11 5 non- 
plastic 
Brown Field native | | 
Mojave native soil....| 30 | 24 0 |33.7)13.2 
Mojave native soil....| 45 | 36 
Mojave native soil....| 73 | 58 0 
Litchfield Park native 
64 | 46 6 non- 
plastic 


at | Peo 
Remarks 
n n n 
2.65) 2.67) 2.67 
oa .. | 3.15] 3.14) 3.14 
116.3/14.7| 2.70) 2.83) 2.87 
128.7) 9.7| 2.70) 2.82) 2.80 
105.7|20.2) 2.74) 2.77) 5.19 
123.612.0 2.66) 2.76) 3.00) Whole sample 
2.74| 2.75) 3.08) —No. 40 sieve 
fraction only 
2.75| 2.76) 3.31) —No. 100 sieve 
fraction only 
123.8/10.0) 2.68) 2.79) 2.80 


* Tentative Method of Test for Moisture-Density Relations of Soils (D 698 — 58 T), 1958 Book 


of ASTM Standards, Part 4. 


Nore.—The slightly lower dry specific gravities obtained by water displacement are believed 
due to the presence of a variable amount of hygroscopic moisture at the start of the test. 


particles when water vapor is replaced. 
(c) Affinity of the soil for water—that 
is, wetting ability. 
(d) Surface area measurements, and 
(e) Use of gases other than air to check 
results. 


ha 
CONCLUSIONS 
This paper discloses what is believed 
to be an entirely new soil measurement, 
and while practical application in en- 


soils are much heavier than previous 
measurements have disclosed. 

3. Specific gravity measurements by 
presently practiced procedures are lim- 
ited, and 

4. The air displacement method pro- 
vides a means of establishing qualita- 
tively the presence of montmorillonite 
clays and further refinements will enable 
quantitative measurements, 


if 
| 


- Because the following is speculative and 
based on insufficient data it is not treated as 
a part of the paper. If 85 per cent of the 
material passing the No. 200 sieve is platey 
clay and this represents 86 per cent of the 
total sample of Brown Field soil then 73 per 
cent of the total sample causes the reaction 
described above and this equation may be 
written: 


0.27 X 2.77 + 0.73X = 5.19 


and X = 6.09 which is the specific gravity of 
the collapsed particles of montmorillonite 
and illite. 

To determine the per cent of montmoril- 
lonite in the total sample of Mojave soil the 
following is written: 

2.76 (1 — X) + 6.09 X = 3.00 from which 
the montmorillonite is 7.2 per cent of the 
total sample. 

Similarly the per cent of montmorillonite 
in the —No. 40 sieve fraction is 10.0 and in 
the —No. 100 sieve it is 16.7. 

If, as would be expected, the activity is 
confined to the silt and clay fraction one 
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would expect that in the case of the Mojave 
soil, the ratios of the per cents of mont- 
morillonite would be equal to the ratios of 
silt-clay fraction thus: 


Tote; Silt-lay = 067; 
—No. 40’ 
tmorillonit 0.72 
montmorillonite 10.0 
Total 24 
; silt-clay — = 0.41; 
—No. 100 58 
montmorillonite —— = 0.43 
16.7 
—No. 40 36 
silt-clay — = 0.62; 
—No. 100 58 


montmorillonite — = 0.60 


16.7 

These ratios are interesting and suggest 
further experimentation to develop quanti- 
tative results. 


4 
— 
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Mr. T. W. Lampe.'—The author in 
his paper has reported very high specific 
gravity values measured by air displace- 
ment rather than the commonly used 
water displacement techniques. Such 
high values would indicate that air 
particles are entering parts of the clay 
aggregate which cannot be entered by 
water. This inference is not, however, 
correct. Water, being polar, is much more 
strongly attached than air to the soil 
mineral surface. The surface will pref- 
erentially adsorb moisture over air. 

The very high measured specific grav- 
ities conflict with theoretical values com- 
puted on the basis of crystal structures. 
Such computations show that the specific 
gravity of the common clay-forming 
minerals should be in the neighborhood 
of 23 to 3. 

Mr. J. E. Sea (author)—The author 
agrees in general with Mr. Lambe. 
However, the explanation for the phe- 
nomenon is different from that suggested 
by Mr. Lambe. At one time the theory 
that air had penetrated voids inaccessible 
to water was considered, but was later 
discarded for the reasons suggested by 
Mr. Lambe. The explanation that is now 
proposed is that the particles of mont- 
morillonite clay changed their structure 

1 Professor, Massachusetts Institute of Tech- 


nology, Department of Civil and Sanitary En- 
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under the influence of heat and that the 
plates which make up the crystals are 
brought closer together by a reduction of 
the “C” axis. Each particle has then 
reduced its volume with a consequent 
increase in specific gravity. Air is able 
to surround each of the particles and 
effectively measure this increased specific 
gravity. 

A method of calculating molecular and 
formula weight from X-ray data can be 
found in a text on X-ray crystallography 
by C. W. Bunn, “Chemical Crystallog- 
raphy,” Oxford University Press, pp. 
185 and 186 (1945). If one assumes that 
the crystal structure remains unchanged 
and also assumes the molecular weight 
of the substance, it is possible to calculate 
an approximate specific gravity for 
normal conditions. However, this is a 
complete reversal of the research by the 
crystallographer whose purpose is to cal- 
culate molecular weight. On page 186 of 
the reference, the author, Bunn, describes 
a method of determining specific gravity 
by floatation and states further that the 
chief error in determining the molec- 
ular weight of a substance is likely to 
be in the value of the density. It appears 
evident that calculations of specific grav- 
ity of crystalline structures in their nor- 
mal state are in no way related to the 
phenomenon described in the paper under 
discussion. 
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The Soil Engineering Division of the 
Department of Civil and Sanitary En- 
gineering at the Massachusetts Institute 
of Technology is conducting a research 
program aimed at a better understanding 
of the fundamental behavior of soils. One 
phase of this program is the study of the 
compression behavior of soils. The results 
presented in this paper were obtained 
from one-dimensional, high-pressure 
compression tests on soils. The research 
was originally concentrated on clays and 
shales, but the significant result of the 
investigation, to date, has been the dis- 
covery of the relatively high compressi- 
bility of quartz sands at high pressures 
due to shattering of individual grains. 
Compression indices from 0.5 to 0.7 have 
been obtained for quartz sand in the pres- 
sure range from 1000 to 10,000 psi. 

Previously published work on sand 
compression which has been reviewed 
cither has not shown the high compressi- 
bility (in part because the pressures used 
were not high enough) or has not recog- 
nized completely the significance and 
mechanism of the behavior. (A list of 
publications related to sand compression 
is given at the end of this paper.) 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

! Assistant Professor of Soil Mechanics, De- 
partment of Civil and Sanitary Engineering, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

2 Research Assistant, Department of Civil 
and Sanitary Engineering, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 
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APPARATUS AND PROCEDURE 


Because of the high pressures involved, 
a special loading frame capable of apply- 
ing constant loads as high as 50 tons for 
indefinite periods of time was designed 
and constructed. This equipment is 
shown in Figs. 1 and 2. It consists of a 
hydraulic ram (a cylinder and hydraulic- 
ally operated piston) to apply the load 
and an emery-load cell to measure 
precisely the applied load. The pressure 
in the ram is maintained constant by an 
hydraulic accumulator which is merely a 
cylinder containing a bag which can be 
filled with nitrogen. The pressure de- 
veloped in the nitrogen in the bag is 
transferred to the oil in the accumulator 
and ram. The gas pressure can be main- 
tained constant by means of a reduction 
valve attached to a tank of compressed 
nitrogen. 

A load increment can be applied al- 
most instantaneously. If the gate valve 
(valve B in Fig. 2) is closed, pressure in 
the accumulator can be raised to the de- 
sired value without changing the pressure 
in the ram. After the oil pressure in the 
accumulator has been raised to the de- 
sired valve and the reduction valve set 
to maintain this pressure, the gate valve 
can be opened to increase the pressure in 
the ram. As the soil sample compresses 
under the increased load, the piston 
moves and oil flows from the accumula- 
tor to the ram. The reduction vaive regu- 
lates the flow of gas from the nitrogen 
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Fic, 2.—High-Pressure Consolidation Apparatus (Schematic). 


ank to maintain a constant pressure in 
the accumulator and ram. 

The principal tests used in the investi- 
gation reported herein were one-dimen- 
sional compression tests on samples 1.13 
and 2.75 in. in diameter and 0.35 to 0.75 
in. in initial height. 
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crements. However, the loads were ap- 
plied gradually in order to avoid impact 
effects and the time allowed for compres- 
sion was much shorter (in some tests 10- 
min durations were used). Generally, the 
same load-increment duration was used 
throughout a single test. Samples of dry 
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Tests on clays were conducted in a 
manner comparable to the normal con- 
solidation test procedure, that is, a load 


increment ratio, of approximately 


unity was used and the sample was al- 
lowed to consolidate under the load in- 
crement for 24 hr before the next incre- 
ment was applied. 

Tests on the sand, in general, followed 
a similar procedure relative to load in- 


Pressure, psi 


Fic. 3.—Compression Diagrams. 


sand were prepared for testing by pouring 
the dry sand into the consolidation ring 
and then jarring the ring slightly until a 
flat sand surface was obtained. Samples 
of saturated sand were prepared by al- 
lowing the sand grains to settle through 
water into the consolidation ring. 


Sorts TESTED 


Although the main purpose of this 
paper is to describe the experimental re- 
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sults of the compression tests on sands, 
the significance of the results can be bet- 
ter emphasized by comparing the com- 
pression curves obtained with those of 
certain clays. 

One sample of a blue-gray clay (Boston 
blue clay) which is representative of the 
glacial clay found in the Boston Basin 
area was used. The sample tested has a 
liquid limit of approximately 50 per cent 
and a plastic limit of approximately 23 
per cent. Based on the construction sug- 
gested by Casagrande (7)* this soil had a 
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commercially as Ottawa sand. The uni- 
form grain size was obtained by using 
only that part of the material which 
passed the No. 20 sieve (U. S. standard 
series) and was retained on the No. 40 
sieve. The grain size distribution curve 
before testing is shown in Fig. 6(d); Fig. 
7(a) is a microphotograph of the ma- 
terial before testing. 

One test was performed on a well- 
rounded graded quartz sand having the 
initial grain size distribution shown in 
Fig. 6(a). 


0.70 
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B-Uniform Sand-Dry 
0.50 + 
3 0.40 D-Graded Sand-Dry 
> 
0.30 SS 


5000 


a 
‘ 
maximum past consolidation pressure ap- 


proximately equal to 4 tons per sq ft. 

Twenty samples of Venezuelan clays 
obtained from core samples taken from 
depths of from 2724 to 4769 ft below 
ground surface were also tested. These 
clay samples had liquid limits ranging 
from 27 to 67 per cent and plastic limits 
ranging from 15 to 26 per cent; when 
plotted on a plasticity chart the data fell 
in a band parallel to and slightly above 
the A-line. 

Three tests were performed on a well- 
rounded uniform quartz sand known 


’ The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1276. 
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‘Fis. 4.—Compression Diagrams. 
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One test was performed on an ex- 
tremely angular uniform quartz sand 
obtained by sieving ground quartz in the 
same manner as the well-rounded uni- 
form sand. 

Test ReEsuLts 

The results of the tests performed are 
presented in summary form in Figs. 3 
to 6. Figure 3 presents the compression 
data plotted as void ratio versus pressure 
(log scale). The shaded area marked 
Venezuela clays represents the range of 
virgin compressibility obtained from the 
20 samples tested. To obtain the shaded 
area, the virgin compression portion of 
the curve obtained in the test was ex- 
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tended as a straight line over the range 
shown even though in the actual test 
results most of the curves were straight 
over only some part of the range (many 
of the samples tested appeared to have 
been precompressed to pressures of the 
order of 2000 psi). The maximum com- 
pression index,‘ C,, obtained on the 
Venezuela clays was 0.26. The sample of 
blue clay tested has a compression index 
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The compression data obtained from 
tests B and D are replotted using an 
arithmetic scale in Fig. 4. 

Figure 5 is a plot of the time curve 
obtained for the final load increment of 
compression test A. 

Figure 6 shows the grain size distribu- 
tion as a function of maximum applied 
pressure for the well-rounded uniform 
and graded materials. 
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equal to 0.33 over the same pressure 
range. 

Also shown in Fig. 3 are two curves 
representing the variation of natural 
void ratio versus overburden pressure for 
sand cores taken from borings in Cal- 
ifornia, and for shale cores from bor- 
' ings in Oklahoma (21). 


ans de 
The compression index is equal to ————-~ 
d(log p) 
where e is the void ratio of the clay and p the 
intergranular pressure. C, is merely the slope of 
the compression curve when plotted in the cus- 
7 tomary manner of void ratio versus pressure 
(log scale). 
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Time , min. 
Fic. 5.—Time Curve for High-Pressure Increment on Sand. 
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Discussion of Results: 


The most important fact brought to 
light by the test results is the high com- 
pressibility of sands at high pressures. 
At low pressures the sands are relatively 
incompressible. 

At low pressures, the compression is 
due primarily to the shifting of particles 
by sliding and rolling. There is some 
elastic compression of grains and some 
crushing and breaking at the points of ; 
contact. However, Fig. 6(6) shows that : 
pressures as high as 1000 psi cause only 


) 
Th] 
8 


slight degradation on the uniform sand 
tested. 

When the pressure on the sample be- 
comes sufficiently high, however, the 
load on individual grains becomes large 
enough to cause shattering. The pressure 
at which this process becomes evident 


100 


grain-size distribution curves shown in 
Fig. 6(6) and from the microphotographs 
of a sample of No. 20-40 sieve well- 
rounded material before and after com- 
pression to a stress of 6400 psi. 

Once the intergranular stress on the 
sample reaches or exceeds the critical 
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(a) Graded Ottawa sand before and after 
compression. 
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(6) Uniform Ottawa sand before and after 
compression. 


Fic. 6.—Gradation Data for Sands. 


will be referred to as the “critical pres- 
sure.” Shattering manifests itself as an 
increased slope of the compression curves 
shown in both Figs. 3 and 4. The shatter- 
ing can easily be heard as a continual 
“popping” sound as the grains break. 
This became readily detectable only at 
pressures in the vicinity of the critical 
pressure and above. The effects of 
shattering can be seen from the several 


stress, the time lags during compression 
become important. Figure 5 shows that, 
for the sample tested, the compression 
occurring after 10 min is about 20 per 
cent of the total compression occurring 
in the 24-hr period. At pressures above 
the critical pressure the time lag is due 
to a continuing process: there is a grad- 
ual build-up of stress on individual 
grains resulting in shattering, a redis- 
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tribution of stress occurs followed by a 
stress build-up and shattering of other 
grains. 

At low pressures the evidence suggests 
that the importance of the time lag, 
which is due essentially to a continuous 
rearrangement of particles, depends on 
the initial density of the sample. Taylor 
(17, p. 217) presents a time curve for a 
typical load increment on a uniform 
fairly dense sand in which about 95 per 
cent of the total compression occurred 
during the first minute. Terzaghi and 
Peck (22, p. 59) present a time curve for 
a compression test on a loose sand in 
which the pressure was increased at a 
fairly rapid rate and then held constant 
at 6 kg per sq cm; even after 1 hr, the 
curve presented indicates that measur- 
able compression was still occurring. 

On the basis of the test data presented, 
it appears that the sands which were 
initially well rounded have a reasonably 
unique compression curve above the 
critical pressure. The pressure at which 
appreciable breaking of grains occurs is 
apparently dependent almost exclusively 
on the initial void ratio. The results of 
the one test on a graded well-rounded 
quartz sand suggest that gradation does 
not have an appreciable effect on the 
compression index above the critical 
pressure. 

Above the critical pressure, well- 
rounded quartz has an average com- 
pression index of approximately 0.5. It 
is interesting to note that although the 
curve for the ground quartz is displaced 
from those of the rounded grains the 
compression index of this curve above 
700 psi is also approximately 0.5. 

It is interesting to compare the slope 
of the California core curve with the 
average slope of the quartz sand data 
obtained in this investigation. The rea- 
sonable agreement suggests that these 
natural sands must have undergone a 
type of compression similar to that of the 
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test samples above the critical pressure. 
Unfortunately samples of the cores were 
not available for microscopic study in 
order to determine whether fracturing 
had occurred. In connection with the 
California cores Terzaghi (21) noted that 
the median grain size of the sands per- 
sistently decreased from about 0.35 mm 
at the top of the column to about 0.15 
mm at the bottom. However, no state- 
ment was made regarding the angularity 
of grains. Still to be explained is the fact 
that the core samples are considerably 
more dense than would be predicted on 
the basis of laboratory compression of 
pure quartz sand. Possible explanations 
are: (1) the natural samples have been 
subjected to the loads for a very great 
period of time; (2) a process of solution 
and redeposition might add to the densi- 


fication of the sands. x 


From the test data presented the 
following conclusions can be drawn: 

1. At sufficiently high pressures, sand 
may be more compressible than clay; 
(test E run on ground quartz shows that 
breakdown pressures as low as several 
hundred pounds per square inch can be 
obtained under certain conditions, al- 
though it is doubtful that any natural 
quartz sand as originally deposited con- 
tains an appreciable percentage of grains 
as angular as those used in this particular 
test) ; 

2. The high compressibility is due pri- 
marily to crushing and fracturing of 
individual sand grains; and 

3. A most important factor influenc- 
ing the pressure at which breakdown 
occurs for a given initial angularity is 
the initial void ratio. 


CONCLUSIONS AND PRACTICAL 
SIGNIFICANCE OF INVESTIGATION 


The practical significance of these 
conclusions is that the compression of 
sands by the weight of overlying sedi- 
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ments is a phenomenon which cannot be 
neglected by geologists and petroleum 
engineers. At the high pressures en- 
countered in deep sedimentary deposits, 
the compression of the sands can be of 
equal, if not of greater, importance than 
the compression of clays. 

The increase in intergranular pressure 
brought about by the extraction of oil 
from deep sand layers may cause large 
amounts of compression in these layers 
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change has been given little considera- 
tion by sedimentologists. 

In connection with the interpretation 
of the history of deep sand deposits it 
is probable that for those sands which 
have been subjected to pressures above 
the breakdown pressure the maximum 
past pressure can be estimated by means 
of a compression test in much the same 
way as is done for clays. The break in 
the compression curve would indicate 


(a) 20-40 mesh Ottawa sand before compre: 


resulting in not only land subsidence but 
also augmented recovery of oil. 

The fact that most void ratio reduc- 
tion in sands takes place by a process of 
fracturing of the grains implies that 
deeply buried sands with low void ratios 
almost certainly do not have the same 
grain-size characteristics that they pos- 
sessed when first deposited: the median 
grain-size will tend to be smaller, the 
angularity more pronounced, and the 
gradation wider. This should be of con- 
siderable importance in the interpreta- 
tion of the origin and depositional en- 
vironment of sands, and, as far as is 
— this type of post-depositional 
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SUMMARY OF PROCEEDINGS OF THE CONFERENCE ON SOILS 
FOR ENGINEERING PURPOSES 

Mexico City provided a unique as well as highly educational setting for 
the Conference on Soils sponsored jointly by the Sociedad Mexican de 
Suelos, A. C. and ASTM Committee D-18 on Soils for Engineering Pur- 
poses. The conference consisted of five sessions of papers, listed below, and a 
meeting of Committee D-18. All meetings were held at the School of En- 
gineering, National University of Mexico in Mexico City, on December 9 
to 11, 1957. 
» The papers, fifteen in number, presented and included in the publication — 
are: 


New Developments in Soil Sampling and Rock Coring Equipment—T. W. Van © 
Zelst 

Consolidation of Mexico City Volcanic Clay—L. Zeevaert 

Laboratory Consolidation Tests for Expansive Clays—R. F. Dawson 

Some Factors Affecting the Dynamic Compaction Test—E. Tamez 

Compaction Characteristics of Gravelly Soils—W. G. Holtz and C. W. Lowitz 

Effect of Tire Pressures and Lift Thicknesses on Compaction of Soil with Rubber- 
Tired Rollers—W. J. Turnbull and C. R. Foster 2) 

A Rapid Method of Construction Control for Embankments of Cohesive Soil— 
J. W. Hilf 

Investigation of a Volcanic Soil for the Construction of an Earth Dam—FE. Rios 
Lazcano 

Soil Deformations Under Repeated Stress Applications—H. F. Seed and R. L. 
McNeill 

Unconfined Compression and Vane Shear Tests in Volcanic Lacustrine Clays— oe 
R. J. Marsal a 

Testing Soils with Transient Loads—R. V. Whitman 

Correlation of the California Bearing Ratio and the Iowa Bearing Value—D.T.  __ 
Davidson, R. K. Katti, M. E. Kallman, and John Gurland a 

Seepage Determination on Hydraulic Structures by Means of Radioactive Iso- ; 
topes—I. Sainz Ortiz 

Sinusoidal Surface Waves in Stratified Soils—J. J. Slade, Jr. ” 

Underpinning and Straightening of an Eleven-Story Building in Mexico City— 
W. Streu 


The papers have been published, together with discussions, in both 
English and Spanish, as ASTM Special Technical Publication No. 232 en-— 
titled “Conference on Soils for Engineering Purposes.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
APPLICATION OF SOIL TESTING IN HIGHWAY 
DESIGN AND CONSTRUCTION 


In recent years the expansion of the highway program has placed in- 
creased emphasis on the use of soil testing procedures both in design and 
- construction. To present the latest developments in this field Committee 
- D-18 on Soils for Engineering Purposes organized a Symposium at which 
nine papers were presented dealing with this phase of activity. The paper 
by R. E. Machol entitled “Laboratory Shear Tests on Varved Clays and 
Their Application to Design” has not been included in the published volume. 
The papers and discussions of the Symposium were presented at the 
Thirty-seventh and Forty-second Sessions of the Sixty-first Annual Meeting 
of the Society, held in Boston, Mass., June 26-27, 1958. Mr. C. A. Carpen- 
ter, Bureau of Public Roads, and Mr. E. J. Kilcawley, Rensselaer Polytech- 
nic Institute, acted as chairmen of the sessions and Mr. H. B. Seed, Uni- 
versity of California was chairman of the Symposium Committee. oe . 
The papers presented and included in the publication are: 


Introduction—H. B. Seed 

Examples of Highway Soil Engineering—E. S. Barber 

Experience with Core Drilling Machines, Power Augers, and Electrical Resis- 
tivity on the Pennsylvania Turnpike—D. G. Shurig and E. J. Yoder 

The Soil Exploration and Mapping Cooperative Project in Illinois—Nicholas 
Chryssafopoulos 

Investigation of Banded Sediments Along St. Lawrence North Shore in Quebec 
—Robert W. J. Pryer and K. B. Woods 

The Value of Soil Test Data in Local and Regional Road Planning—Martin 
Ekse 

Laboratory Methods of Compacting Granular Soils—Earl J. Felt _ 

Ohio’s Typical Moisture-Density Curves—J. G. Joslin ee 

Index of Compaction Characteristics—J. L. McRae ==? 


The papers with discussion were issued as ASTM Special Technical Pub- 
lication No. 239 entitled “Symposium on amie of Soil Testing in © 
Highway Design and Construction.” — 
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SUMMARY OF PROCEEDINGS OF 
PARTICLE SIZE MEASUREMENT 


This Symposium was sponsored by ASTM Committee E-1 on Methods of 
Testing. Its purpose is to bring up to date the developments in instrumenta- 
tion and technology that have taken place since the 1941 Symposium on — 
New Methods for Particle Size Determination in the Sub-Sieve Range. 
Since then, and particularly during the war period, a number of new tech- 
niques were developed, some involving new types of apparatus for particle 
size measurement. 

The papers and discussions in this Symposium were presented at the 
Thirty-first, Thirty-third, and Thirty-ninth Sessions of the Sixty-first An- 
nual Meeting of the Society, held in Boston, Mass., June 26-27, 1958. Mr. 
L. T. Work acted as Symposium Chairman and Mr. A. E. Reed, she W. S. 
Tyler Co., Mr. A. E. Jacobsen, National Lead Co., and Mr. Work, Consult- 
ing Engineer, presided over the respective sessions. 

The papers included in the symposium are: 


Sieves, Sieving Methods and Microscopy as 
Introduction—L. T. Work 


The Mechanics of Fine Sieving—K. T. Whitby 
A Review of Sieve Standardization (presented by title only)—L. V. Judson 
Application of Electroformed Precision Micromesh Sieves to the Determina- 
tion of Particle Size Distribution of Cracking Catalysts—H. W. Daeschner, 
E. E. Seibert, and E. D. Peters 
A Review of the API Committee on Analytical Research, Subcommittee on 
Measurement of Physical Properties of Cracking Catalysts—L. L. Mittel- 
man 
The Stanford Research Institute Particle Bank—R. D. Cadle and W. C. Thuman 


Sedimentation Methods 


Recent Developments in, the Hydrometer Method as Applied to Soils—E. 
Bauer 

Sedimentation Procedures for Determining Particle Size Distribution—W. F. 
Sullivan and A. E. Jacobsen 7 

A Photoelectric Sedimentation Method for Particle Size Determination in the 
Sub-Sieve Range—H. R. Harner and J. R. Musgrave 

Centrifuge Sedimentation Size Analysis of Membrane Filter Collected Samples 
of Airborne Dusts—K. T. Whitby, A. B. Algren, and J. C. Annis 

A Liquid Sedimentation Method for Particle Size Distributions—L. M. Cart- 
wright and R. Q. Gregg 

Methods for Determining Particle Size Distribution by Gravitational and Cen- 
trifugal Sedimentation—Soren Berg 
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ON PARTICLE SIZE MEASUREMENT 


: Other Particle Size Methods and Correlations 


A Discussion of the Recommended Practice of Reporting Particle Size Char- 
acteristics of Pigments (ASTM Tentative Method D 1366-55 T)— 
J. H. Calbeck 

The Determination of Particle Size by Adsorption Methods—R. J. Fries 

A Study of the Blaine Fineness Tester. Calculation of Surface Area from Air 
Permeability Data—S. S. Ober and K. J. Frederick 

Three-Dimensional Electronic Sizing of Sub-Sieve Particles at 6000 per Second— 
R. H. Berg 

Turbidimetric Particle Size Distribution Theory: Application to Refractory 
Metal and Oxide Powders—A. I. Michaels 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 234, entitled “Symposium on Particle Size Measurement.” 
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One of the major problems currently 
confronting the highway engineer in 
many areas of the United States is to 
contruct highways that will exhibit sat- 
isfactory anti-skid characteristics for a 
reasonable length of time. All pavement 
surfaces can develop adequate skidding 
resistance in a dry state. In fact, some of 
the surface types that are extremely 
slippery when wet have shown very high 
skidding resistance in the dry condition 
(f, The problem, therefore, is to design 
highways that retain good anti-skid 
characteristics even when water is stand- 
ing on the pavement surface. 

The majority of the highways con- 
structed recently, whether of portland 
cement or of bituminous materials, have 
possessed adequate wet skidding resis- 
tance when new. Unfortunately, on many 
of these surfaces this initial anti-skid 
resistance has been short-lived. As a re- 
sult, it has become increasingly impor- 
tant to give some consideration to the 
change in skidding resistance of pave- 
ment surfaces due to the polishing ef- 
fects of traffic. 


* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Associate Professor, Kansas State College, 
Manhattan, Kansas. 

2 Research Engineer, Purdue University, La- 
fayette, Ind. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1305. 
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By J. W. anp W. H. Goetz* 


There is little existing knowledge, 
other than experience on specific surfaces, 
with which to predict the long-time be- 
havior of the many different surface 
types. Those contributions that have 
been made are the result, for the most 
part, of field investigations. By testing a 
large number of highway surfaces and 
performing a statistical analysis on the 
results, it is possible to develop some 
general relationships for the various sur- 
face types (2, 3, 4). 

The skidding resistance of a pavement 
surface as determined by a highway in- 
vestigation, however, represents a com- 
posite value of a seemingly endless list of 
variables, including factors pertaining to 
the aggregate, the binder, traffic and age, 
and the condition of the surface during 
testing. It is impossible in a field investi- 
gation to evaluate the separate effect of 
each of these interrelated variables. It 
was felt that the control and consistency 
inherent in a laboratory investigation 
would permit a more accurate evaluation 
of the basic factors contributing to slip- 
periness of pavement surfaces. Therefore, 
laboratory equipment and a testing pro- 
cedure were developed with this end in 
mind. Although this paper is devoted en- 
tirely to bituminous mixtures, many 
phases of the testing procedure are 
equally applicable to portland-cement 
concrete surfaces, which currently are be- 
ing investigated in a similar study. 


a = 


Fic. 1.—Schematic Diagram of Laboratory 


Skid-Test Apparatus. 


TESTING EQUIPMENT 


DEVELOPMENT OF LABORATORY i 


There were two separate phases in the 


_ development of a satisfactory labora- 


tory method for evaluating the resistance 
of different types of bituminous paving 
mixtures to the polishing effects of traf- 
fic. The first covered the development of 
suitable equipment and procedure for 
measuring the skidding resistance of a 
test specimen in the laboratory. The 
second phase, equally important, com- 
prised the selection of a laboratory 
method, with related instrumentation, 
for simulating the wear and polishing 
effect that a pavement surface receives 
under the action of traffic. 

In considering the objectives of the 
program in the light of previous research, 
the following requirements seemed es- 
sential to the satisfactory determination 
of the skidding characteristics: 

1. The equipment should be adaptable 
both to specimens molded in the labora- 
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Fic. 2.—Laboratory Skid-Test Apparatus. 
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tory and to samples removed from the 
highway surface. 

2. Since the degree of wetness is sig- 
nificant, provision should be made to in- 
sure that the surface of the specimen is 
well lubricated during testing. 

3. The type of rubber from which the 
testing shoe is made, the area of contact, 
and the normal pressure between the 
testing shoe and the surface of the spec- 
imen should be such that the degree of 
envelopment of the aggregate particles 
which occurs during braking of a pas- 
senger car on a highway surface is simu- 
lated. , 

4. In order to obtain a realistic evalu- 
ation, the relative speed between the 
surface and the testing shoe should be 
high. On the basis of previous field studies 
(2), a speed of 30 mph appeared to be a 
reasonable value. 

5. The results should be relatively free 
from individual bias. To this end, auto- 
matic recording would be preferable to 
some method of dial or scale reading dur- 
ing testing. é 

6. In order to accomplish a large-scale 
program of research, the equipment 
should be rugged and capable of pro- 
ducing a large amount of reproducible 
data over a prolonged period of testing 
with a minimum of servicing, adjust- 
ment, and repair. 

So far as the development of an ac- 
celerated wearing and polishing proce- 
dure was concerned, the primary cri- 
terion for each test specimen was to 
duplicate, as nearly as possible, the sur- 
face characteristics that a similar mix 
would exhibit after an appreciable 
amount of highway service under the ac- 
tion of heavy traffic. 


The Laboratory Skid-Test Apparatus: 


With the objectives listed to serve as 
a guide, the laboratory skid-test appa- 
ratus illustrated in Figs. 1 and 2 was con- 
structed. In the following discussion of 


the essential features of the skid-test ap- 
paratus and the reasoning behind them, 
reference will be made to Fig. 1, the 
schematic diagram of the laboratory 
skid-test apparatus. 

The power required to maintain a con- 
stant rotational speed of the test speci- 
men during testing is supplied by a 40- 
hp electric motor, /. Anticipated torque 
requirements were only about one half 


$ in. D, lin. Deep, 4 Places 


200 in. 


2.50 in.- 


Fic. 3.—Testing Shoe for Skid-Test Apparatus. 


of this value, but since this heavier unit 
was available it was incorporated into 
the design. This did necessitate a stur- 
dier frame than otherwise would have 
been required, but resulted in an over-all 
saving when compared to the cost of a 
smaller motor. It also provided a margin 
of safety, should subsequent research re- 
quire a greater torque output. 

The power is transmitted to the lower 
shaft through four V-belts. The speed of 
the lower shaft assembly, is approxi- 
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mately 2500 rpm. This rotation results in 
a relative velocity between the test spec- 
iment and testing shoe of slightly over 
30 mph at the mean radius of the area of 
contact. 

The lower shaft, 4, is mounted in two 
roller thrust-bearings, which are rigidly 
anchored to the frame of the machine. 
The bracket, 6, is fastened to the lower 
shaft and serves as the base plate for the 
mold, 7, and the test specimen, 8. 

The testing shoe, 9, which is sche- 


Referring to Fig. 3, the area in contact 
with the test specimen consists of eight 
segments, each having an area slightly 
over 1 sq in., giving a total contact area 
between testing shoe and test specimen 
of 14.4 sq in. The vertical force between 
the two sliding surfaces during testing is 
maintained at 400 lb, resulting in a unit 
pressure of about 28 psi. The slots were 
provided in the testing shoe to permit 
the free passage of water over the test 
specimen, to prevent overheating of the 


Fic. 4.—Rubber Testing Shoe. 


matically shown in Fig. 3 and illustrated 
in Fig. 4, is made from rubber disks. 
The ASTM grade number for this rubber 
is R630B,* and it is representative of 
passenger car tire tread compounds, hav- 
ing a Shore “A” durometer reading of 
65. The testing shoe is anchored to the 
backup plate by four 3-in. diameter pegs 
and a_rubber-to-metal adhesive of 
“Loxite-6000.” 


* Tentative Specification for Elastomer Com- 
pounds for Automotive Applications (D 735 - 
57 T), 1957 Supplement to Book of ASTM 
Standards, Part 6, p. 238. 


specimen or testing shoe, and to simulate, 
to a limited degree, the tread on the 
majority of vehicular tires. 

After prolonged testing, the edge of 
the slot becomes rounded and occasion- 
ally, with a particularly abrasive aggre- 
gate, the surface of the testing shoe may 
become scoured. When either of these 
conditions exist, the testing shoe is re- 
moved from the skid-test apparatus and 
the face redressed. This is done very 
simply by mounting the shoe and backup 
plate in a magnetic chuck and grinding 
off ic alas 3z in. of rubber. Be- 


= 
~ 


| | 
| | 


1286 


fore being used again for test measure- 
ments the shoe is honed by simulating a 
test run on a Kentucky rock asphalt 
specimen. 

The testing shoe is attached through 
a backup plate to the upper bracket, 0, 
which, in turn, is keyed to the top shaft, 
11. The top shaft is supported in two 
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The torque-reaction moment is de- 
veloped in a cantilever beam, 18, on 
which are mounted two Baldwin SR-4 
strain gages. The two gages are located 
at the vertical neutral axis on opposite 
sides of the beam and are connected in- 
to opposing legs of the Wheatstone bridge 
circuit, so that any direct force or vertical 


i 


8 DIVISIONS 


= 


__ "BLEEDING" ASPHALT SURFACE 


DIRECTION OF 
TRAVEL 


BOIVISIONS 


Fic. 5.—Oscillograms from the Laboratory Skid-Test Apparatus. 


sleeve bearings which maintain radial 
alignment of the shoe for all vertical 
positions. The top shaft assembly does 
not rotate during testing, and the torque 
developed in this shaft, due to the sliding 
friction between the test specimen and 
testing shoe, is proportional to the skid- 
ding resistance of the surface type as 
represented by the test specimen. 


bending that might be present is not 
reflected in the torque determination. 
In order to ensure that the reaction 
moment arm maintains a constant length 
for all vertical positions, a roller-bearing, 
19, is attached to the end of the beam. 
This bearing makes essentially point con- 
tact with the bearing race, 20, which is a 
1-in. diameter steel rod rigidly attached 
to the frame and parallel to the top shaft. 
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ON SKIDDING OF Brrummovus PAVING 


The strain gages are attached as close 
to the top shaft as practical in order to 
take advantage of the largest possible 
bending moment. The torque developed 
in the shaft results in a bending moment 
in the beam, causing a change in resis- 
tance in the SR-4 strain gages, which is 
transmitted to the strain analyzer, 21, 
resulting in a deflection of the pen in the 
automatic recorder, 22. 

Figure 5 illustrates some typical oscil- 
lograms for three different surface types. 
These three test specimens were all cored 
from highway pavement surfaces, but 
oscillograms for laboratory specimens are 
similar in form. 

The skidding resistance of each of the 
surfaces is represented by a numerical 
value called the relative resistance value 
(RRV). This skid-test apparatus, like 
most of the methods for determining the 
skidding resistance of test surfaces, eval- 
uates the different surface types on a 
relative basis. No effort was made to 
convert this reading to a coefficient of 
friction. Since Kentucky rock asphalt 
surfaces consistently exhibit the best skid- 
ding resistance when wet, as has been 
determined by previous research (1, 5) 
attenuation in the analyzer was adjusted 
so that the deflection of the pen, due 
to the torque developed by a Ken- 
tucky rock asphalt specimen, would be 
approximately five major divisons. By 
arbitrarily assigning a value of unity 
(1.00) to the resistance developed by the 
Kentucky rock asphalt, the relative re- 
sistance values of the other surface 
types, could be determined to the nearest 
0.01. 

The three surface types in Fig. 4 show 
an RRV of 1.01, 0.66, and 0.17, respec- 
tively. This represents the maximum 
range encountered in the testing program, 
since Kentucky rock asphalt exhibited 
the best anti-skid characteristics and a 
“bleeding” asphalt surface, the poorest 


of all the surface types tested. 


te @ 


Before each of the testing records in 
Fig. 5a blip labeled “8 divisions” will be 
noted. This is the pen deflection caused 
by the calibration resistance in the ana- 
lyzer. It was found that by adjusting 
the a-c gain so that the calibration re- 
sistance caused a pen deflection of eight 
of the small divisions, the deflection re- 
sulting from a Kentucky rock asphalt 
test specimen would be approximately 
five of the major divisions. Therefore, 
this 8-division deflection due to the cali- 
bration resistance was established as the 
standard sensitivity, and was adjusted, 
if necessary, before each test. 

Two 3-sec skids were made on each 
test specimen. The relative resistance 
value was based on the second trace, as 
illustrated in Fig. 5. Frequently the 
RRV for the first skid fell off rather 
sharply so that there was as much as 
0.06 to 0.08 difference in RRV between 
the beginning and end of the skid. By 
the second skid, however, the trace was 
usually sufficiently stable so that an 
accurate determination of the RRV was 
possible. On the basis of repeated tests, 
it was felt an accuracy of +0.01 could 
be achieved if care was taken to assure 
that the 8-division sensitivity was main- 
tained. 

The constant load of 400 Ib is applied 
during testing by attaching a load, 24, 
of 58.7 Ib to the end of the loading bar, 
23. This bar is pivoted at the far end so 
that a mechanical advantage of slightly 
over 6 is achieved. This, in addition to 
the weight of the bar and of the upper- 
shaft assembly, gives the 400-lb constant 
normal force required. 

The remaining elements of the skid- 
test apparatus pertain to the water 
system, which keeps the test surface in a 
lubricated condition during testing. The 
water is admitted to the test specimen 
through a hole located in the center of 
the testing shoe, 9, after passing through 
a ited drilled in the upper-shaft 
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bracket, 10, and the upper shaft, //, as 
illustrated in Fig. 1. 

A flexible water line, /3, is used so 
that the system can operate for dif- 
ferent vertical positions of the upper 
shaft assembly. The turbulence chamber, 
14, has no function in the testing opera- 
tion, but has an important role in the 


polishing procedure as discussed below. 


Fic. 6.—Conical Rubber Rollers for Obtaining Adequate Particle Orientation at the Surface of 
the Test Specimen. 


The line pressure maintained at the 
water inlet, 15, is such as to result in a 
rate of flow of water on the test specimen 
of 7.5 gal per min. All of this water is 
admitted to the specimen through the 
center of the testing shoe and flows over 
the specimen through the slots provided 
in the shoe. 

A shield of } in. steel, 16, is provided 
to catch the water and channel it to a 
drain, 1/7, and to prevent possible 
flying particles from causing damage to 
equipment or personnel. 

One testing cycle takes about 15 sec 
and requires the following operations: 
(a) the motor is turned on, causing the 
specimen to rotate at 2500 rpm; (d) the 
water valve is opened and the recording 
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equipment started to establish the zero 
reading on the oscillogram; and (c) the 
weight is lowered manually to allow the 
full 400-lb force to bear on the test 
specimen for two 3-sec intervals, during 
each of which the frictional torque 
developed in the top shaft is auto- 
matically recorded, indicating the skid- 
ding resistance of the test specimen. 


Equipment and Procedure for Simulating 

Traffic Wear: 

The procedure and associated in- 
strumentation for simulating the wear 
and polishing effect of traffic on pave- 
ment surfaces was evolved by investi- 
gating different methods of polishing on 
over 100 test specimens. Various polish- 
ing compounds were used including 
carborundum, alundum, emery, quartz, 
and limestone varying in particle size 
from 0.005 to 0.30 mm. Contact pressures 
ranging from 1 to 28 psi were tried at 
speeds of 33 and 2500 rpm. Polishing 
was studied with a rolling rubber cone 
and with a sliding rubber disk. The 
length of time for a given polishing cycle 
was varied from 30 sec to 30 min, with 


i 


the number of cycles per given specimen 
varying from 2 to 12. 

It was relatively easy to grind the 
test specimens down using the skid-test 
apparatus. Referring again to Fig. 1, a 
charge of abrasive material was first 
placed in the turbulence chamber, 1/4. 
Then as the valve was opened and 
water rushed into the chamber from the 
inlet, 15, the abrasive was agitated into 
suspension and flowed down the outlet 


_ Fic. 7.—Rolling Test Specimen with Conical Rollers in the Minitrack Apparatus. 


line, 13, to the specimen. The inlet pipe 
was brazed to the circular brass chamber 
at an angle of 45 deg to the tangent to 
encourage a swirling action, which would 
permit adequate transport of the abra- 
sive. Calibration tests showed that with 
full line pressure at the water inlet, less 
than 5 g of an initial charge of 500 g of 
No. 40 to No. 80 sand remained in the 
turbulence chamber after 60 sec. For 
limestone mineral filler, less than 1 g 
was present in the chamber after 60 sec. 

The test specimens were ground with 
a rubber polishing shoe similar in ap- 


pearance to the testing shoe of Figs. 3 
and 4. The outside diameter was } in. 
larger and the inside diameter } in. 
smaller than the corresponding dimen- 
sions of the testing shoe in order to 
ensure that an adequate area would be 
polished for subsequent testing. Also, 
the rubber compound from which the 
polishing disks were made was ASTM 
grade number R730BJ,' slightly harder 
than that ] 


By starting with a coarse abrasive 
and a small contact pressure to keep 
from overheating the polishing shoe, the 
specimen could be ground down to 
essentially a level datum plane by 
decreasing the particle size of the abra- 
sive and increasing the contact pressure —_—y 
as the specimen became progressively 
smoother. However, a visual comparison 
of the resulting specimen with a similar 
mixture cored from the highway showed 7 ; 
that there was little similarity between 
the surface textures of the two. In 7 
contrast to the ground specimens, well- 
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worn highway specimens exhibited a 

texture in which the somewhat rounded 

and highly polished particles of coarse 

aggregate projected slightly above the 

surrounding matrix of asphalt and fine 

aggregate. This condition could not be 

duplicated merely by grinding down the 

specimen. 

The conical rollers illustrated in Fig. 
6 were intended to supply the rolling 
action that a surface experiences due to 
traffic in order to achieve the particle 
orientation and arrangement that exists 
on the highway surface. Figure 7 shows 
a specimen being rolled at 33 rpm in a 
Minitrack apparatus. This equipment 
had been developed some years ago for 
rolling test specimens on a circular track 
with a small rubber tire. Only slight 
modification was necessary to adapt the 
existing equipment to accommodate the 
6-in. diameter specimen. Rolling in this 
manner resulted in an over-all densifica- 
tion of the test specimen, with the 
eoarse aggregate particles becoming 
somewhat more prominent at the surface 
than was noted at the completion of the 
molding procedure. 

Rolling was initially attempted with 
this equipment without the use of the 
center post. At 140 F some of the mixes 
shoved excessively and bunched up at 
the center of the specimen. The post 
was then incorporated, but located flush 
with the ‘bottom of the rollers. This 
eliminated the shoving, but since the 
post took most of the vertical load, 
only a slight amount of particle re- 
orientation was accomplished. The final 
position, as shown in Fig. 6 with the 
rollers extended $ in. below the post, 
represented a compromise in which 
sufficient confinement was provided 


without sacrificing an adequate amount 
of particle orientation. 

Another operation which seemed to 
enhance the effect of the coarse ag- 
gregate at the surface was to polish the 
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specimen at 33 rpm in the Minitrack, 
using the conventional polishing shoe 
previously described, with limestone 
mineral filler suspended in water as an 
abrasive. This operation polished the 
coarse aggregate particles slightly and 
also appeared to erode away some of the 
surrounding matrix of fine aggregate 
and asphalt so that the resulting surface 
closely approximated that of a sample 


TABLE I.—GRADATION OF ABRASIVES 
USED IN POLISHING TEST 
SPECIMENS. 


No. 3/0 Quartz 


Per Cent 
US Sieve Retained 
100. . 0.0 
140... 6.4 
170.. 9.3 
200. . 18.0 
18.2 


No. 5/0 Quartz 


The only specification for this grade is that 
80 per cent will pass a No. 270 US Sieve. 


LIMESTONE MINERAL FILLER 


State Highway Department of Indiana Specifications 


US Sieve 
100 
95 to 100 
No. 200. . 65 to 100 


The mineral filler used as a polishing agent 
had over 90 per cent passing the No. 200 sieve. 


removed from the highway surface. It 
was necessary to give the specimen a 
final polish in the skid-test apparatus 
in order to smooth off the rough edges 
exposed by this operation. This left the 
test surface in a clean, polished condi- 
tion. 

By rolling the specimen again at 140 
F for a short time with the conical 
rollers, a very light asphalt film could 
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be made to coat the aggregate. This 
coating discolored the aggregate some- 
what imparting what appeared to be 
an oily rather than an asphaltic film. It 
was felt that although this treatment 
did not exactly duplicate the oil drip- 
pings, worn rubber, and debris film 
often noted on highways during certain 
seasons of the year (2), the relative 
resistance values for this final condition 


(a) 300 g of No. 3/0 quartz® for 60 sec, 

(6) 500 g of No. 5/0 quartz® for 60 sec, 
and 

(c) 400 g of limestone mineral filler® for 
60 sec. 

3. Particle orientation and texture are 
developed in the Minitrack at 33 rpm. 
(a) 2 min rolling at 140 F with a total 

load of 100 lb on the two rollers, 
and 


Fic. 8.—Surface Texture at the Completion of the Wearing Procedure for a Limestone Aggregate 


would be indicative of the susceptibility 


(6) 10 min of wear, using 10 psi contact 


of the surface types to this seasonal ies be pressure with the polishing shoe 


effect. 4 


The rather complicated wear and 
polishing procedure as finally evolved 
consists of the following steps: 

1. The specimen is rolled for 2 min at 
140 F in the Minitrack at 33 rpm with a 
total load on the two rollers of 100 lb; 

2. Coarse wear is accomplished in the 
skid-test apparatus with a contact pres- 
sure between the shoe and test specimen 
of 5 psi. Each specimen is subjected to 


three wear series as follows: n 


and 25 g of limestone mineral 
filler. 

4. Final polish is given the specimen 
in the skid-test apparatus at 2500 rpm. 
(a) 250 g limestone mineral filler, 15 

psi contact pressure, for 30 sec, 
(6) 250 g limestone mineral filler, 28 

psi contact pressure, for 30 sec, 

and 
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ava? 
(c) No abrasive, 28 psi contact pressure, 
for 30 sec. 

5. The final operation is to coat the 
aggregate particles in the specimen sur- 
face with a light asphalt film, simulating 
seasonal road film, by rolling in the 
Minitrack at 140 F for 1 min with a 
load of 100 lb on the conical roiler. 


This procedure was intended to result 
in a specimen which, both in appearance 
and in skidding resistance, closely du 
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could be obtained that would be more 
realistic than subjecting each of the test 
specimens to sufficient polishing to cause 
it to arrive at its most slippery condition. 

It was found that extreme polishing 
could cause test specimens made from 
the more-resistant aggregates, such as 
high-quartz gravel, to have an RRV 
below 0.4, which is equivalent to a 
passenger car stopping distance from 
30 mph of approximately 150 ft. Since 
field tests on surfaces of this nature (3) 


plicated a similar mix after an ap- 
preciable amount of traffic wear; it was 
not the intention to arrive at the ultimate 
slippery condition for all surface types. 
However, the above procedure does 
cause a specimen made with an ag- 
gregate having poor polish-resistant 
characteristics to approach its most 
slippery condition. It was felt that by 
holding the polishing effort constant, a 
relative measure of the resistance to 
polishing of the different aggregate types 


be 


Fic. 9.—The Wagner Stopmeter Attached to the Rear of the Test Vehicle. 


indicate that this material is resistant to 
polishing, these data did not 
realistic. 

During a complete polishing cycle 
each portion of the test area receives 
over 80,000 individual passes either 
from the conical rollers or the separate 
segments of the testing shoe. Figure 8 
indicates the appearance of a typical 
specimen made with limestone after 
being subjected to this polishing series. 
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FIELD CORRELATION STUDY 


A field correlation study was made to 
determine whether the laboratory skid- 
test apparatus would evaluate the 
various test specimens in a realistic 
manner. Passenger car stopping-distance 
tests were made on selected highway 
surfaces with the testing equipment of 
the State Highway Department of In- 
diana. Cores were obtained from these 
test sections and the relative resistance 
values were determined in the laboratory 
for comparison. 


Field Test Equipment and Procedure: 


The passenger car stopping-distance 
test equipment was developed by the 
Joint Highway Research Project of 
Purdue University (5), and subsequently 
transferred to the State Highway De- 
partment of Indiana in 1956. 

Briefly, the essential components of 
this equipment consist of a 1955 Ford 
2-door sedan equipped with an elec- 
trically-operated vacuum braking unit 
for instantly locking all four wheels, 
and a Wagner stopmeter (Fig. 9), 
which is a fifth wheel for indicating 
both the speed when the brakes are 
applied and the total distance required 
to skid to a stop after the brakes are 
actuated. The vacuum braking system is 
located in the vehicle luggage compart- 
ment. 

For this correlation study all skidding 
tests were performed with the surfaces 
in a wet condition. A tank truck 
equipped with spraying apparatus was 
used for wetting down the surfaces 
before each test. A crew of five men 
was supplied by the State for the 
wetting and traffic control, while the 
skidding tests themselves were performed 
by two members of the Purdue staff. 

At each of the test sections, the 
surface was first thoroughly drenched 
with a slow pass of the watering truck. 
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The test vehicle was then brought to a 
speed of 30 mph as indicated on the 
Wagner stopmeter and the brake-ac- 
tuator button was depressed, causing all 
four wheels to lock. The distance re- 
quired for the vehicle to skid to a 
complete stop, as measured by the 
Wagner stopmeter, was then recorded. 
Two more tests of the same section 


Fic. 10.—Cross Sections of Pavement Cores 
Mounted in Mortar for Testing. 


The top specimen is an asphaltic concrete 
made with limestone; the middle specimen is 
from a new asphaltic concrete pavement con- 
taining gravel, in which some difficulty was en- 
countered in obtaining a core; and the bottom 
specimen shows a }4-in. layer of Kentucky rock 
asphalt ona eet net coated gravel base. 


were performed in a like manner with 
the surface receiving a relatively light 
water treatment prior to each test. 

On computing coefficients of friction 
for some of the test surfaces and com- 
paring these values with results of 
studies in other states, some doubt arose 
as to the accuracy of the speed measure- 
ments. A rough check with a radar 
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speed-determination unit showed that 
when a speed of 30 mph was indicated 
on the Wagner stopmeter, the vehicle 
was actually traveling between 33 and 
34 mph. This had no adverse effect on 
the correlation study, which was merely 
a comparison of two methods of evaluat- 
ing the skidding resistance of different 
test surfaces. However, no direct com- 
parisons should be made between these 
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by Howe-Simpson Inc. of Columbus, 
Ohio. The resulting specimen was a core 
approximately 5} in. in diameter and, 
depending upon surface type, anywhere 
from ? in. to over 3 in. thick. The 
bottoms of some of the specimens were 
extremely irregular. These specimens 
were mounted in the molds in a paste 
consisting of three parts of type I port- 
land cement to one part plaster of 


Fic. 11.—Asphaltic Concrete—Limestone. 


results and 30 mph stopping distance 
measurements of other research studies. 


Preparation of Test Specimens from Pave- 
ment Cores: 


Three cores were removed from the 
pavement from the outside wheel track, 
at each test section, evenly distributed 
longitudinally along the length of the 
skidding area used for the stopping- 
distance tests. 

The cores were drilled with a Model 
12, abrasive, speed-drill manufactured 


Paris with sufficient water to provide 
adequate workability. Figure 10 shows 
sawed sections of some typical pavement 
cores. 

After the cementing paste had hard- 
ened sufficiently, the specimens were 
tested in the skid-test apparatus in the 
same manner as for the conventional 
laboratory test specimens. 


Description of Highway Test Sections: 


It was not the purpose of this correla- 
tion study to evaluate the different 
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Fic. 15.—Kentucky Rock Asphalt Surface 


LG Fic. 14.—Surface Treatment—Gravel. 
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surface types, as such, and no systematic 
sampling was made with regard to 
selecting sections having comparable 
traffic and age. As a result, no conclu- 
sions should be drawn on the basis of 
these limited data as to the relative 
skid resistance of the various surface 
types. 

In planning the correlation study, 32 
test sections in west-central Indiana 
were chosen to represent a wide range of 
bituminous surface types. Three stop- 


ping-distance skid tests were made at 
each location. Examination of the test 
data led to the selection of 20 of these 
sections as correlation sites from which 
three test specimens were to be cored. 
Because it was impossible at two of 
these sites to obtain adequate cores, the 
following correlation study was actually 
based upon 18 test sections. 

Figures 11 to 16 illustrate the six 
general surface types into which these 
18 test sections were classified. 
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Figure 11 is representative of those 
asphaltic concrete surfaces in which the 
coarse aggregate consisted of limestone. 
Referring to Table II, test sections 9, 12, 
and 13 are included in this classification. 

Figure 12 is typical of test sections 4, 
11, 14, and 26, which are identified 
rather broadly as limestone surface 
treatments. All of these surfaces either 
were given a final surface treatment 
involving separate applications of as- an 
phalt and aggregate, or were of similar < 


texture, so that the resulting area of 
contact on which the tire skidded con- 
sisted almost entirely of coarse aggregate. 
Figures 13 and 14 represent, ree 
spectively, the same surface types as 
Figs. 11 and 12, except that gravel 
rather than limestone was used in these 
bituminous mixtures. Test sections 3, 5, 
and 6 are asphaltic concretes made with i 
gravel, and sections 1, 16, 23, and 27. 
are gravel surface treatments. * 
Three Kentucky rock asphalt surfaces c 
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were included in this study. This ma- 
terial occurs in Kentucky in a formation 
in which a Mississippian sandstone is 
impregnated with asphalt. This type of 
surface is very uniform and fine-textured, 
as illustrated in Fig. 15. Test sections 
7, 8, and 24 are Kentucky rock asphalt 
surfaces. 
Test section 30 is a “bleeding” 

phalt surface located on a secondary 
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ability encountered on each of the test 
surfaces. The stopping-distance measure- 
ments are given in feet while the lab- 
oratory relative resistance values are 
dimensionless, but based on a relative 
resistance value of unity for a Kentucky 
rock asphalt specimen. 

It was impossible to obtain an accurate 
stopping-distance measurement on test 
section 30. On each of five attempts the 


TABLE II.—SUMMARY OF FIELD AND LABORATORY SKID-TEST RESULTS. 


Stopping Distance, ft Relative Resistance Value” 
Test Section Surface Type* 
Average Maximum | Minimum | Average | Maximum} Minimum 
G-ST 89.5 90.5 88.5 0.59 0.60 0.58 
G-AC 99.8 102.0 97.6 0.66 0.67 0.65 
L-ST 92.5 93.0 92.0 0.57 0.60 0.55 
Oe ee G-AC 118.5 120.0 116.5 0.63 0.65 0.62 
G-AC 83.0 83.5 82.5 0.75 0.75 0.74 
KRA 69.3 70.0 68.0 0.99 1.01 0.97 
KRA 62.2 63.2 63.0 1.06 1.09 1.04 
, SORT L-AC 138.0 140.5 135.0 0.45 0.45 0.44 
L-ST 153.0 153.5 152.5 0.35 0.36 0.33 
L-AC 85.3 86.1 84.6 0.63 0.64 0.62 
L-AC 125.3 126.0 124.0 0.53 0.55 0.50 
L-ST 172.0 176.0 168.0 0.34 0.35 0.34 
G-ST 103.5 104.0 102.5 0.58 0.60 0.57 
See G-ST 102.0 102.0 102.0 0.55 0.56 0.54 
KRA 62.0 62.0 62.0 1.01 1.02 0.99 
| L-ST 97.7 98.5 96.5 0.60 0.62 0.58 
G-ST 93.7 96.5 91.0 0.57 0.60 0.54 
Oe ere “Bleeding” As- Greater than 150 0.23 0.28 0.17 
phalt 


* Surface type identification: 
L-AC Limestone-asphaltic concrete 
L-ST Limestone-surface treatment 
G-AC Gravel-asphaltic concrete 
G-ST Gravel-surface treatment 
KRA Kentucky rock asphalt 


county road. Figure 16 is a photograph 
of this surface. 


Discussion of Field Correlation Results: 


The results for the 18 surfaces on 
which both stopping-distance measure- 
ments and laboratory resistance values 
were obtained are listed in Table II. 

The average figures tabulated in both 
cases are the arithmetic means of three 
skids, with the maximum and minimum 


values also listed to indicate the vari- 


i, 


Based on a relative resistance value of unity for a Kentucky rock asphalt specimen. 


rear end of the test vehicle gradually 
slid toward the ditch, so that after 
skidding approximately 150 ft the right 
rear wheel struck the shoulder and dug 
in, causing the vehicle to tip appreciably. 


As a result, the stopping distance on this 
surface is as listed in Table II as some- 


what “greater than 150 ft.” 


Figure 17 shows the comparison be- 


tween the field and laboratory data on 
skidding resistance. Results are plotted 
for only 15 of the test sections so that 
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an equal number of each of the five 


general surface types illustrated by 
Figs. 11 to 15 would be represented. It 
was impossible to plot the results for the 
“bleeding” asphalt section. 

In order to select a curve that rep- 
resented the best relationship between 
the 15 plotted points, a second degree 
regression curve was computed. How- 
ever, this curve deviated appreciably 
from the plotted points at the maximum 
and minimum values, and it was felt 
that a visual interpretation would give a 


1.10 Surface Type Identification 
© Limestone - Asphaitic Concrete 
LOO} ® Limestone - Surface Treatment 
© Gravel - Asphaitic Concrete 
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Fic 17.—Comparison Between Field and Lab- 
oratory Skid-Test Measurements. 


better indication of the relationship 
between the two methods. Therefore, 
the solid curve of Fig. 17 was drawn in 
by eye. 

Examination of the plotted points 
showed that with the exception of the 
Kentucky rock asphalt specimens, all of 
the points conformed fairly closely to a 
linear plot, thus indicating a linear 
correlation between the field and lab- 
oratory methods of determining skid- 
ding resistance. Since there was some 
justification for omitting the Kentucky 
rock asphalt surfaces in this analysis, as 


On SKIDDING RESISTANCE OF BITUMINOUS PAVING MATERIALS 


will be discussed later, a correlation 
analysis was performed on the 12 re- 
maining test surfaces and resulted in a 
linear correlation coefficient of 0.86, as 
computed by the method of least squares 
(the broken line in Fig. 17). 

An examination of the location of the 
plotted points with respect to the linear 
correlation line showed that certain 
surface types consistently fell either 
entirely above or entirely below the 
correlation line. This lack of randomness 
in the location of the plotted points 
indicated that there was some dis- 
crepancy between the field and labora- 
tory methods of evaluation. For surfaces 
of medium texture there was good 
agreement in the relative skidding re- 
sistance as determined by the two 
methods. For very open-textured sur- 
faces, however, the laboratory method 
indicated relatively poorer anti-skid 
characteristics than did the stopping- 
distance method. Conversely, for an 
extremely dense surface the laboratory 
method showed relatively higher re- 
sistance values than were obtained by 
field measurements. 

This relationship is illustrated in Fig. 
17 by the location of points correspond- 
ing to three different surface types. The 
very dense Kentucky rock asphalt spec- 
imens are all grouped appreciably above 
the linear correlation line. Similarly the 
gravel asphaltic concrete surfaces which 
were quite dense, as shown in Fig. 13, 
also plotted above the correlation line. 
However, the open-textured gravel sur- 
face treatments, as typified by Fig. 14, 
resulted in values which fell below the 
correlation line. The limestone speci- 
mens, for the most part, exhibited a 
medium texture and did not consistently 
deviate from the linear correlation curve. 

Two of the possible reasons why a 
difference in surface texture caused a 
discrepancy between the field and lab- 
oratory methods of evaluation pertain 
to the amount of water present on the 


non 


surface during testing and to the oc- 
currence of a film of oil and dust on the 
highway test surfaces. The degree of 
saturation of the test surface was prob- 
ably the more significant of the two 
causes. In the laboratory method the 
rate of water application was constant 
for all specimens and occurred simul- 
taneously with the test itself, so that 
the surface was thoroughly drenched 
during actual testing. In the stopping- 
distance method, however, there was an 
appreciable time lapse between the ap- 
plication of the water and the per- 
formance of the skidding test. On very 
dense ‘surfaces the rate at which water 
drained from the surface was slow, and 
the test section remained in a drenched 
condition for a short time. On the 
open-textured test sections, however, 
the surface did not remain drenched, 
particularly when the pavement tem- 
perature was well over 100 F, as was 
the case for the majority of the testing 
program. It was impossible to maintain 
a continuous water film on these coarse- 
textured pavements, and the water 
quickly evaporated from the tops of the 
projecting aggregate. As a result, there 
was not complete consistency in the 
degree of saturation of the pavement 
test surfaces. This would tend to result 
in relatively higher skidding-resistance 
values for open-textured surface types 
than for dense surfaces when evaluated 
by the field stopping-distance method. 
The second possible source of dif- 
ference was the presence of the film of 
oil drippings, worn rubber, and dust on 
the highway during testing. Previous 
research (2, 6) has noted this film as a 
factor contributing to the so-called sea- 
sonal effect, since it is more pronounced 
during the summer months. It has also 
been noted that a dense surface is more 
sensitive to the seasonal effect than an 
open-textured one. During the coring 
operation, in which the abrasive and 
ground-up aggregate sw irled around on 
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the surface of the core, and subsequent 
cleaning of the test specimen, prior to 
testing, this seasonal film was removed. 
This resulted in the laboratory test 
method indicating a relatively higher 
skidding resistance for a dense surface 
than for an open-textured surface, as 
compared to the field method. 

A final factor to be considered, which 
would apply to the Kentucky rock 
asphalt specimens only, is that previous 
research (1) has shown that this type of 
surface possesses nearly uniform high 
anti-skid characteristics for all speed 
ranges. The majority of the surface 
types, however, exhibit a marked de- 
crease in resistance as speed increases 
(2, 4). The stopping-distance method 
measures a resistance value which rep- 
resents an integrated average of the total 
resistance developed, as the vehicle is 
skidding from the speed at which the 
brakes are applied down to zero speed. 
The laboratory method, on the other 
hand, evaluates the resistance at a 
constant speed. 

Thus, for a surface which exhibits 
uniform anti-skid resistance for all speed 
ranges, the stopping-distance method 
should giv2 an evaluation oi the skidding 
resistance which would be the same for 
all speeds, and this value should conform 
fairly closely to the resistance as deter- 
mined by the laboratory method. In 
contrast, a surface type which shows 
increasing skidding resistance at de- 
creasing speeds should show greater skid 
resistance by the stopping-distance test 
(value increasing from 30 mph to 0 
mph) than by the laboratory method 
(values determined at high speed only). 

As a result, the stopping-distance 
method measures a relatively higher 
skidding resistance than the laboratory 
method for surfaces which exhibit a 
decrease in skidding resistance with 
speed, while the laboratory method 
indicates a relatively higher resistance 


for the Kentucky rock asphalt surfaces 
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which possess uniform skidding resis- 
tance at all speed ranges. This is il- 
lustrated in Fig. 17 by the marked 
deviation of the points corresponding to 
the three Kentucky rock asphalt sur- 
faces from the linear correlation line. 

In the light of this correlation study, 
the laboratory skid-test apparatus was 
considered to be entirely satisfactory for 
laboratory investigations of factors af- 
fecting the skidding resistance of bi- 
tuminous paving mixtures. Such dis- 
crepancies as exist between results by 
the field and laboratory methods, tend 
to favor the laboratory method as 
giving a more realistic evaluation of the 
skidding resistance of a wet pavement 
surface for speeds of 30 mph and up- 
ward. The laboratory method would 
probably have shown closer agreement 
with the truck-trailer method of de- 
termining skidding resistance on the 
highway, since both of these methods 
evaluate the test surfaces at a constant 
speed. Unfortunately, equipment of this 
nature was not available for the correla- 
tion study. 


PREPARATION OF THE STANDARD 
LABORATORY SPECIMEN 


The primary consideration in the 
molding of the laboratory test specimens 
was to arrive at a surface condition 
which was representative of the texture 
that a similar mix would exhibit on a 
highway surface. Although the specimen 
had to possess sufficient surface dura- 
bility to prevent disintegration under 
the severe action of the wearing pro- 
cedure, stability and density, as such, 
were not considered important to this 
study, and no measurements of these 
properties were made. 


Materials: 


An 85/100 penetration grade asphalt 
cement furnished by The Texas Com- 
pany from the Port Neches refinery 
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was used for all of the test specimens 
molded in the laboratory. The asphalt 
content selected for the standard lab- 
oratory specimen was 4.5 per cent, based 
on the total weight of the bituminous 
mixture. Mixes ranging in asphalt con- 
tent from 3.5 to 6.5 per cent had been 
investigated, with the 4.5 per cent 
figure representing the best compromise. 
It seemed desirable to keep the mix as 
lean as possible in order to prevent the 
asphalt from flushing to the surface 
during the wearing procedure and ob- 
scuring the polishing characteristics of 


TABLE III.—INDIANA SPECIFICA- 
TION LIMITS FOR HOT ASPHALTIC 
CONCRETE, TYPE B AND MIXTURE 


COMPOSITION USED FOR STANDARD 
LABORATORY SPECIMENS. 


Type B Limits, 
per cent Selected 
Mini- | Maxi- | per cent 
mum | mum 
3¢ in 2] 14 
No. 4 20 | 50 
No. 8 0 22 
No. 16 5 20 
No. 36..... No. 30 5 13 
No. 50 5 12 
No. 50..... No. 100 2 17 
No. 100. . No. 200 1 5 
No. 200. . ie 3 5 
Bitumen... 6.5 | 8.5 4.5 


the aggregate, while too low an asphalt 
content resulted in a mixture which 
exhibited poor surface stability during 
the severe wearing procedure. 

The bituminous-concrete mixture cho- 
sen for the standard laboratory specimen 
conformed to the specifications of the 
State Highway Department of Indiana 
for Hot Asphaltic Concrete—type B 
(medium texture), except for the asphalt 
content, which was kept low as ex- 
plained above. Table III lists the spec- 
ification limits, adjusted to conform to 
the sieve series used in this investigation, 
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and the selected composition for the 
standard specimen. 

In establishing this gradation as the 
standard composition, preliminary tests 
were performed on a wide variety of 
mixtures ranging in texture from a very 
dense mix, with the gradation con- 
forming to Fuller’s maximum density 
curve, to an extremely open one which 
was essentially a one particle size mix- 


ture. The asphaltic concrete type B 


mixture appeared to give the most 
satisfactory surface texture and degree 
of coarse aggregate exposure of any of 
the mixtures tested. 


Batching, Mixing, and Molding Pro- 
cedure: 


Most of the mineral aggregates used 
in this study were received in a crushed 
condition with the coarse and fine 
aggregate fractions combined. In order 
to achieve a high degree of control over 
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the aggregate gradation, the mineral 
aggregates were first separated into the 
various sieve size fractions, after which 
they were recombined in the desired 
proportions. Three test specimens were 
made for each mixture, and three dif- 
ferent mixtures were molded and tested 
at a time, giving a total of nine speci- 
mens for each series. 

In preparing a test specimen, the 
asphalt and aggregate were heated sep- 


Fic. 18.—Laboratory Vibration Equipment and Test Specimen Mold. 


arately to 300 + 10 F, and mixed for 2 


min in a Hobart electric mixer. The 
bituminous mixture was than transferred 
to a mold and vibrated for 1 min with a 
Cleveland pneumatic vibrator, as illus- 
trated in Fig. 18. On the left side of this 
figure is a specimen being vibrated 
showing the collar, bearing plate, bearing 
block, and vibrator in place, and on the 
right, a completed specimen. 

At the completion of the vibration, 
the specimen was eid to cool at 
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room temperature for 30 min at which 
time it was placed in an oven, main- 
tained at 140 F, for an additional 30 
min. The specimen was then ready for 
the first rolling process of the wear and 
polishing procedure, which is described 
in a previous section. 


RESULTS OBTAINED IN THE LABORATORY 
INVESTIGATION 


Figure 19 illustrates the variation in 
skidding resistance that a test specimen 


Some of the Indiana limestones tested 
have shown as high a resistance to 
polishing as the Massachusetts rhyolite. 
The limestone, on which the data 
plotted in Fig. 19 were obtained, is the 
poorest from the polishing standpoint 
of any of the Indiana limestones tested. 
A limestone supplied by- another state 
for this investigation has exhibited even 
poorer polishing characteristics, how- 
ever, so the problem of aggregate polish- 
ing is not unique with Indiana. 
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Fic. 19.—Variation in Skid Resistance of Bituminous Mixtures with Wear. 


experiences during an entire wear and 
polishing procedure. The top curve is 
for a test specimen made with Kansas 
sandstone which exhibited the best re- 
sistance to polishing of any of the 
mineral aggregates investigated to date. 
The middle curve is for a specimen 
containing Massachusetts rhyolite 
which, if subjected to a wearing effort 
appreciably greater than that corre- 
sponding to the standard wearing pro- 
cedure, can be made to polish. The lower 
curve represents an Indiana oolitic lime- 
stone specimen which possesses very 


to polishing. 


The five points plotted for each of the 
curves in Fig. 19 correspond to a specific 
position in the wearing and polishing 
procedure. The initial relative resistant 
values were determined after the speci- 
mens had been vibrated for 1 min and 
allowed to cool. The next series was 
obtained after the specimens had been 
rolled for 2 min with the conical rollers. 
The points listed for wearing cycle No. 2 
were taken after the specimens were 
subjected to coarse wear in the skid-test 
apparatus. The next results correspond 
to values obtained at the conclusion of 
the fine-polishing portion of the pro- 
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cedure, and the final points represent 
the values obtained at the completion 
of the light rolling operation, which 
coated the aggregate with a very thin 
film of asphalt. 

In comparing the relative resistance 
to polishing of the various aggregates, 
the results obtained at the completion 
of the fine-polishing procedure are prob- 
ably the most significant. This cor- 
responds to wearing cycle No. 3 in Fig. 
19. At this point in the wearing pro- 
cedure, the test specimen has a clean, 
polished surface with a texture quite 
similar to that of a well-worn highway 
surface. Subsequent rolling will coat the 
aggregate and decrease the skidding 
resistance of the test specimen, but it is 
debatable as to how realistically this 
procedure duplicates the traffic film ex- 
isting on the pavement surface during 
certain seasons of the year. At the com- 
pletion of the final polishing, the rela- 
tive resistance values for specimens 
»made from sandstone, rhyolite, and lime- 
stone were 0.75, 0.57, and 0.34, respec- 
tively. 


ConcLUSION 


The laboratory skid-test apparatus 
has operated satisfactorily for one year, 
while the wear and polishing procedure, 
as finally evolved, has been in use for 
about six months. It appears that this 
equipment and procedure will prove 
adequate for a laboratory investigation 
of factors affecting the skidding resist- 
ance of pavement surfaces. Current 
and future research — include an 
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evaluation of the effect of the type of 
aggregate, the particle shape, and the 
surface texture on the skidding resist- 
ance of bituminous surfaces. Investi- 
gations will be made for improving the 
skidding characteristics of bituminous 
mixtures containing aggregates that pol- 
ish readily by blending a more resistant 
material with the polish-susceptible ag- 
gregate. Related research will also take 
place with portland-cement concrete. 
Some endeavor will be made to cor- 
relate the wearing procedure with actual 
traffic wear. Although the polishing 
effort corresponding to the wearing 
procedure is sufficient to reduce a bi- 
tuminous surface containing polish- 
susceptible aggregate to its most slippery 
condition, it may prove to be inadequate 
for duplicating the polishing effect of 
anticipated traffic on some of our major 
highways. 
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The California State Division of High- 
ways has been conducting studies for a 
number of years with the aim of develop- 
ing controls on asphaltic materials that 
would insure the manufacture of asphal- 
tic products which would have properties 
superior to those being supplied. During 
the last part of 1954, a tentative new 
specification for paving grade asphalts 
was incorporated into selected paving 
contracts. After a study of these pave- 
ments the new specifications, with minor 
modifications, were adopted as standard 
for the California Division of Highways, 
and the asphalt producers in Northern 
California modified their manufacturing 
process to produce paving grade asphalts 
that would conform to these new specifi- 
cations. A discussion of the new specifica- 
tions is contained in a paper presented at 
the 33rd Annual Conference of the West- 
ern Association of State Highway Off- 
cials (WASHO) by F. N. Hveem, Mate- 
rials and Research Engineer, California 
Division of Highways.” The requirements 
of the new California specifications and 
the American Association State Highway 
Officials (AASHO) test methods for pav- 
ing grade asphalt are shown in Table I. 

In the paper presented before the So- 

* Presented at the Sixty-first Annual Meet- 
ing of the Society, June 22-27, 1958. 

! Principal Materials Engineer, U. 8. Army 
Engineer District, Sacramento, Calif. 

2 F. N. Hveem, “Asphalt Quality Controls,” 
33rd Annual Conference, Western Association 


State Highway Officials (1954). confined mainly to surface courses. 
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SETTING PAVING GRADE ASPHALT IN AIRFIELD 
PAVEMENT CONSTRUCTION* 


. Fenton! 


ciety the siaiilliai of the Sacramento 
District of the U. S. Army Corps of En- 
gineers in constructing airfield pavements 
with asphalts conforming to the new 
California asphalt specifications are re- 
corded. The materials used, construction 
methods employed, and the results ob- 
tained are discussed and compared with 
similar airfield pavements placed prior 
to the change in specifications for paving 
grade asphalt. For convenience, these 
pavements are referred to by the contract 
number under which they were con- 
structed, as follows: 

(a) Contract 1286.—Constructed in 
1955, strengthening N.E.-S.W. Runway 
4R-22L, Mather Airforce Base; 

(6) Contract 1306—Constructed in 
1955, runway extension, McClellan Air- 
force Base; 

(c) Contract 1354.—Constructed in 
1955, taxiway and lighting, McClellan 
Airforce Base; 

(d) Contract 1167.—Constructed in 
1954, strengthening N.E.-S.W. Runway 
4L-22R, Mather Airforce Base; and 

(e) Contract 856.—Constructed in 
1953, aircraft storage area, McClellan 
Airforce Base. 

Since there have been some changes 
in criteria for binder courses during the 
period 1953 to 1955, the comparison of 
methods, materials and results will be 


t 
FIELD EXPERIENCE AND LABORATORY STUDY OF SLOW 0 
By D. DEEZ 
| 


TESTING 

All acceptance tests on aggregates and 
asphalts prior to their use and check 
tests during construction are made in 
the South Pacific Division Laboratory 
of the U. S. Army Corps of Engineers. 
The results of tests performed on the 
aggregates, mix design gradations, and 


FENTON ON SLOW SETTING PAVING GRADE ASPHALT 1307 


mine the laboratory unit weight, stabil- 
ity and flow of the material. The per 
cent total voids and voids filled with 
asphalt in the laboratory compacted 
specimens were computed. Specimens of 
the pavement were obtained each day by 
cutting cores approximately 4-in. in di- 
ameter with a diamond drill. The density 
of the cores was determined by ASTM 


TABLE 1.—SPECIFICATIONS FOR PAVING GRADE ASPHALTS. 


Grade Asphalt 
Specification Designation AASHO Test Method) —— - 
60 to 70 | 85 to 100 | 120 to 150 | 200 to 300 
Flash point (Pensky-Martens closed 
tester), deg Fahr minimum........... T73 450 450 425 400 
Penetration of original sample at 77 F, 
T49 60 to 70 85 to 120 to | 200 to 
100 150 300 
Loss on heating, 5 hr at 325 F, maximum, 
method No. 
337 
Penetration after loss on heating, per cent > 
of original minimum................. T49 47 45 42 40 23” 
Ductility at 77 F after loss on heating, oa 
Penetration ratio 
Pen. 39.2 F — 200 g — 1 min 100 T49 25 min- |25 min- |25 min- |25 min- 
Pen. 77 F — 100 g— 53sec x : imum imum imum imum 
Saybolt furol viscosity at 275 F, sec..... T72 90 to 75 to 60 to 40 to 
300 225 180 125 
Solubility in carbon tetrachloride mini- rn 
Heptane-xylene equivalent maximum, 
ard Specifica- 
tions, section 6, 
chapter II, 
article (b-17) 


optimum asphalt content are summa- 
rized in Table II. The results of tests 
performed on the asphalts used includ- 
ing Abson recovery data are presented 
in Table III. The Sacramento District 
maintained a control laboratory at all 
asphalt mixing plants, during construc- 
tion, where the gradation of the aggre- 
gate and asphalt content of the paving 
mixture were determined. The penetra- 
tion of the asphalt was checked and the 
mixture also checked for moisture con- 
tent. Tests were also conducted to deter- 


Method D 1188 — 56* with the exception 
that the specimens were not coated with 
paraffin. This was not considered neces- 
sary since a dense-graded mix was being 
used. The density of the cores was com- 
pared with those obtained in the labora- 
tory. Data on pavement densities, per 
cent voids in the total mix, voids filled 
with asphalt, per cent asphalt, and mix 
temperatures are shown in Table IV. 


3 Method of Test for Specific Gravity of Com- 
pressed Bituminous Mixtures (D 1188 — 56), 


1958 Book of ASTM Standards, Part 4. 
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The maximum daytime temperatures 
are presented in Table V. 


Construction of Binder and Surface 
Courses: 


The detailed experience encountered 
in the placing of the binder and surface 


PAVING GRADE ASPHALT on 


gravels obtained from deposits in the 
vicinity of Sacramento, Calif. The coarse 
aggregate (retained on a No. 10 sieve) 
was crushed and at least 75 per cent of 
the particles had two fractured faces. 
The fine aggregates consisted of crusher 
“fines” and various blends of sand. The 


TABLE II.—MIX DESIGN DATA AND TESTS ON AGGRE GATES. 


1286 and 1306 1354 1167 
1955 1955 1955 1955 1954 1953 
Binder® Binder” Surface Surface Surface Surface 
Mix Design Gradation, 
Sieve Size "ae at passing 

100 100 100 100 100 100 
84 80 92 94 94 95 
82 84 82 86 
53 48 66 67 64 64 
21 18 22 22 28 24 
& CON 14 12 13 14 13 14 
Re eee 5.5 4.5 4.5 4.5 4.5 4.5 
Mix design bitumen content 

5.6 5.0 6.9 6.5 6.6 6.7 

Tests ON AGGREGATES 
Determination Results 
Abrasion, Los Angeles Rattler, per cent loss....... 21.5 18 21 19 
Fractures, coarse aggregate, 2 faces, per cent by 

Flats and elongates in coarse aggregate............ OK OK OK OK 
Nil Nil Nil Nil 
Stripping, coarse and fine aggregate............... OK OK OK OK 
Apparent specific gravities: 

Water absorption, per cent...................... 0.5 


Original. 
> Aug. 15, 1955. 


courses for each of the contracts is 
omitted from this publication. This in- 
formation is available at the U. S. Army 
Corps of Engineers, Sacramento, Calif. 
DIScUSSION 
The aggregates used i. ae surface 
course mixture were American River 


Aggregates: 


main difference between the fine aggre- 
gates used in the various pavement mix- 
tures was that somewhat more crusher 
“fines” were used in the fine aggregate 
produced for the work accomplished in 
1955. An example of the extreme varia- 
tion of the gradation of the aggregates, 
as determined on samples of the mix 
from which the asphalt had been ex- 


DATA ON ASPHALTS. 


IIl.—SUMMARY OF 


TABLE 


q 
} 
| 
| 
| 
| 


> GRADE 


vC 


5 
a 


FENTON ON SLOW SETTIN 


“4803 dno uedo 


6s 
Lil 
+081 
£9 


quad Jed 
Zap ‘yuriod Zuruszjog 
wo 

wo 


VLIVQ Nosay 


+081 


| 
+081 
£9 
| £0°0 


+081 +081 
99 9¢ 
o¢ "0 


uO 

6°66 


+091 
46 


£0°0 
86 


+0SF 


| 
+091 +091 
249 89 
90°0 


ISA], WY NIH], “NI 


MO 
Zit 
6°66 


+081 
$6 


MO yO 
SIT 
+8°66 (+8°66 
+081 +081 
16 16 

89 06 


SLTASa YY 


Zap “uiod Zuruayjog 


| dod ‘apyynstp uoqivo ur 


wo 22 ye 


JO quad Jad ‘ssoy 10338 


‘ajdures jo 


plye Zap ‘yurod ysepy 


aovyang 


03 | 


| 
| 


OOF | 0209 | 02 01 09 


03 


09 001 93 


aovyang 


00T 


‘SSLIVHdSV NO VLVG AO AUVININ 


OS— ATaVL 


4 
| 
oR 
S @ oro = 
+ + on + + % if 
| 32 gox5 
} ~ v= | 
| 
+ + w | | +2 
| © Sones oo- 
+ 
‘BBA 
|- 
+ 
as Sse e220 
= 
| + 4 y 
ig 
ak & = ZE 
: 


BAVC] » 


sed ‘guoweaed ut Ayisuep 


Z°9 | 
9°22 | qyeydse pally sproa Jag 


T 


0°96 


ASPHAL 


sRADE 


( 


LOVULNOD 


LOVULNOD LOVULNOD 
6°86 46 lg: 66 6°16 2°66 aod ut Aysuep 
OZE OE | ore | ose | Zep 
Cle OZE cle OZE OFE Org Zop Zurxtw yyeydsy 
| pue | | puw gues sed ‘xtur ul gyeydsy 


I 


r 


< 
= 


LOW 


~ 


N 


asunog gdovauny asunog govauag 
Vv 


N 


| 


‘VLVC TOULNOOD AO AI 


FENtTo 


“? 

‘ 


tracted is shown in Fig. 1. The mix de- 
sign gradations are shown in Table II. 
All of the mix design gradations fall 
within a narrow band. The average gra- 
dations for the various surface courses, 


TABLE V.—MAXIMUM DAYTIME 
AMBIENT TEMPERATURES.* 


Temperatures, deg Fahr 
Date 1955 1954 1953 
June | July |Aug. | Oct. |Sept. | Oct. |Aug. | Sept 
[108 |... | 76]... | 97 
‘6. 83 74 
BS 85 |. 78 
7 
9.. 81 
85 
Sn ~~ 86 | 79 | 96 
78 | 88 | 85 
92 79 | 91 | 86 
16 87 77 | 75 | 91 
92 77 | 77 | 94 
18 | 83 | 76 | 95 
19 93 | 97 | 69 | 85 | 75 | 91 
20 91 | 99 | 75 | 90 | 78 | 87 | 
92 75 | 82 | 85 | 87 
ee 93 | 76 |. 96 
| 87 90 
24....| 88 |... | 79]... | 94]... | 87 
25....| 84 | 86 | 82] 85 | 96]... | 81 
_ ae 85 | 88 |. 97 82 
27. 89 | 93 91 79 
ot... 82 75 
20.. 99 | 94 82 75 
oo: oe 98 72 82 
31....]... 102 88 


* As recorded by the U. S. Weather Bureau 
at Sacramento. 


as determined on samples of the mixture 
from which the asphalt had been ex- 
tracted are presented in Table VI. These 
data show no significant difference in 
gradation. It will be noted that the aver- 
age percentage passing a-No. 200 sieve 
had a variation of 5.0 to 5.9 per cent. 
It has been found by experience in the 
Sacramento District that dense-graded 


= 
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surface course mixtures with this per- 
centage of material passing a No. 200 
sieve has good placing properties and 
may be rolled with a minimum of check- 
ing, while mixtures with a high percent- 
age of fines invariably check and present 
placement problems. 


Mixing Plants and Mix Temperatures: 


Continuous-flow and weigh - batch 
plants were used to produce the surface 
course mixtures. Both types are con- 
sidered satisfactory. 

The extreme range of temperatures for 
the asphalt, aggregate and completed 
mix are shown in Table IV and the aver- 
age values are presented in Table VI. 
These data show that the average aggre- 
gate temperatures were slightly higher 
for the work accomplished in 1955, while 
the asphalt temperatures and tempera- 
ture of the completed mixes were all 
comparable. The average aggregate tem- 
perature and the average temperature of 
the completed mix for contracts 1354 and 
856 are identical, while the asphalt tem- 
peratures for these contracts were 305 
and 330F respectively. The tempera- 
tures of the asphalt, aggregate, and the 
completed mix for all of the contracts 
complied with the specifications require- 
ments. It has been found by experience 
in the Sacramento District that the tem- 
perature of the completed mix should be 
approximately 300 F to insure proper 
coating of the aggregate with asphalt. 
No difficulties were encountered in 1953 
with the placement of mixes with tem- 
peratures of 320 F. The temperatures 
of the asphalt, aggregate and completed 
mixes recorded in this report should not 
cause significant differences in the place- 
ment of the mixtures provided that spec- 
ification requirements are complied with. 


Asphalt: 


The paving grade asphalt used in air- 
field pavements are specified to meet 
7, 


4 
ry 
f 
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the requirements of Federal Specifica- 
tions SS-A-706b which include the fol- 
lowing: (1) Flash point (ASTM Method 
D 92 — 57),‘ not less than 347 F, (2) Sof- 
tening point (ASTM Method D 36- 
26),® from 113 to 149 F, (3) Penetration 
at 77 F (ASTM Method D 5 -— 52),® 85 
to 100, (4) Loss on heating, 5 hr, 325 F, 
(ASTM Method D 6-39 T)? not more 
than 1 per cent, (5) Penetration after 


Screen Opening, in. 
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quired to show a negative spot when sub- 
jected to the test specified in the AASHO 
test (T102) using standard naphtha. In 
1954 the additional requirement was 
added that asphalt be tested in accord- 
ance with the Thin-Film Oven Test pro- 
cedure set forth in the U. S. Bureau of 
Public Roads publication Public Roads* 
and when so tested meet the following re- 
quirements: (1) Loss of weight shall not 


ef 25 28082 26 
OW OG an WN VS oO 
in | 
| 
Cc 
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| Average Gradation Extreme Variation 
| 
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Specification Limitsé— 
30}++- 
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Fic. 1.—Aggregate Grading Chart. Surface course, gradation data from extractions. Contract 


No. 1286 (1955). 


loss on heating, per cent of original, not 
less than 60, and (6) Solubility in carbon 
disulfide, not less than 99.5 per cent. 

In addition, the asphalt cement is re- 

* Method of Test for Flash and Fire Points 
by Cleveland Open Cup (D 92 — 57), 1958 Book 
of ASTM Standards, Part 4. 

5 Method of Test for Softening Point of Bi- 
tuminous Materials (Ring- and Ball-Method) 
(D 36 - 26), 1958 Book of ASTM Standards, 
Part 4. 

® Method of Test for Penetration of Bitumi- 
nous Materials (D 5 — 52), 1958 Book of ASTM 
Standards, Part 4. 

7 Tentative Method of Test for Loss on Heat- 
ing of Oil and Asphaltic Compounds (D 6- 
39 T), 1958 Book of ASTM Standards, Part 4. 


exceed 1 per cent, (2) Penetration shall 
not be less than 50 per cent of that of the 
original asphalt, and (3) Ductility shall 
not be less than 100 cm. 

All of the asphalts used in paving mix- 
tures discussed in this report met all of 
the physical and chemical requirements 
of the Federal Specifications and project 
specifications. However, the asphalts 
used in 1955 did not produce paving mix- 
tures with the same characteristics as the 
mixtures used previous to 1955. The re- 
sults of Abson data on asphalt recovered 


8 Vol. 27, No. 9, Aug., 1953, p. 202. 
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from the pavement showed that the char- 
acteristics of the asphalt were different 


from those o 


to 1955. The penetration of 85 to 100 


f the material used previous 
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difference. In the course of this study a 
determination of the percentage of oily 
constituents was made on samples of 


various asphalts as they were received 


TABLE VISUMMARY OF CONTROL DATA ON SURFACE COURSES. 


Mather | McClellan | McClellan | Mather | McClellan 
1286 1306 1354 1167 856 
AVERAGE GRADATION 
Per cent passing: and 
in. sieve......... 100 100 100 100 100 
54 52 46 52 50 
12.1 12.2 13.5 10.6 13.1 
Average per cent asphalt.................. 6.7 6.6 6.7 6.6 6.7 
AVERAGE MIxiInG TEMPERATURES, DEG FAHR 
ov | 330 340 320 315 320 
| 
RELATIVE DENSITY, PER CENT 


DistriBpuTION RELATIVE Density TeEsts 


Per Cent of Tests in Indicated Range 


Range of Relative Densities 
Less than 95 per cent..................... 0 0 
Per cent of densities 98 per cent +......... 36 29 


grade asphalt recovered from the pave- 
ments placed prior to 1955 was of the 
order of 40 while the penetration of 85 to 
100 grade asphalt recovered from pave- 


ment placed 
60. The Sou 


in 1955 was of the order of 
th Pacific Division Labora- 


tory was requested to conduct a study to 
determine, if possible, what caused this 


and after they had been subjected to the 
Thin Film Test. The results of these de- 
terminations, with the Division Labora- 
tory comments are presented in Table 


VIL. 


In general the Northern California re- 
fineries produce various grades of paving 


asphalts by fluxing back a hard asphalt 


) 
f 
t 
: 
Tl 0 0 0 
15 0 0 
e 3 0 1 
34 0 5 
27 55 56 
21 45 38 
48 100 94 
if 
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such as 40 to 50 penetration with lighter 
grade asphalt such as 200 to 300 pene- 
tration or by the addition of selected lube 
stocks. It seems evident that the asphalts 
supplied in 1955 for the contracts under 
discussion were manufactured by this 
process. Asphalt of 85 to 100 penetra- 
tion from producer A was used in 1954 
to produce the paving mixtures for con- 
tract 1167 and the Abson recovery data 
showed that the asphalt recovered from 
the pavement had a penetration of 40, 
while the Abson recovery data showed 
that 85 to 100 penetration asphalt from 
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addition to the physical and chemical 
properties and requirements Federal 
Specification SS-A-706b contains the fol- 
lowing: 


“C.—Meaterials and Workmanship 

C-1.—The materials under this specifica- 
tion shall be asphalts prepared by the distil- 
lation of asphaltic petroleum or by the flux- 
ing of hard native Trinidad asphalt with a 
suitable petroleum flux.” 


It is not believed that it was the intent 
of the writers of this specification that 
various grades of asphalts be produced 


| 
=! TABLE VII.—ESTIMATI ON OF OILY CONSTITUENTS 
a IN PAVING GRADE ASPHALT. 
Per Cent Oily Con 
Manufacturer Date of Sample Project Grade of Asphalt woe 5 a 
Film Test 
Dec., 1954 Davis-Monthan 85 to 100 56 
arene April, 1955 Edwards 85 to 100 49 
Oct., 1955 McClellan 60 to 70 60 
Da aly Jan., 1956 Ft. Huachuca 85 to 100 45 
Moh man ss July, 1955 Mather 60 to 70 62 
a July, 1955 Mather 85 to 100 60 


The oily constituents were determined after a method given by Abraham on p. 1230 of the work 
“Asphalt and Allied Substance”’ (Fifth Edition). The results give an indication that the product sup- 
plied to Mather Air Force Base in July, 1955 was high in oily constituents when compared with as- 
phalt manufactured in Southern California. These oily constituents, in the A product, were nonvola- 
tile at 325 F, and were of a nature which imparted slow-setting characteristics to the asphalt which 
made it very difficult to roll the pavement to specified density under normal rolling operations. 


producer A used in 1955 had a penetra- 
tion of 61 in the pavement. It is doubt- 
ful that a crude material distilled to 85 
to 100 penetration would have as wide a 
variation in penetration values in the 
pavement as indicated above. 

As stated before, all of the, asphalts 
used to produce paving mixtures for the 
contracts discussed in this report met all 
of the chemical and physical require- 
ments of the Federal Specification SS-A- 
706b. However, it appears that a pur- 
chaser of asphalt specifying that he be 
supplied with asphalt conforming to the 
above Federal Specification has no as- 
surance that he will be supplied with as- 
phalt having the characteristics that he 
anticipates based on past experience. In 


by fluxing hard and soft asphalts except 
in the case of native Trinidad asphalt. In 
a report to the Chief of Engineers® E. F. 
Kelly, Chief, Physical Research Branch, 
Bureau of Public Roads, made the fol- 
lowing statement: 


“Therefore, it is doubtful, regardless of the 
quality of the asphalts produced by the Pro- 
pane Deasphalting Process, or by the process 
of blending two penetration grades, one hard 
and the other soft prepared by normal refining 
practice, or by other means that do not provide 
for direct distillation to penetration grade; that 
such asphalts meet the general requirements of 
the standard specifications or the intent of the 
writers of these specifications.” 


® Public Roads, No. 90010. 


= . 4 
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Placing: 

The equipment used to place all of the 
surface course mixtures was essentially 
the same. The operation of the rollers 
was very much the same except for those 
mixtures placed in 1955 when various 
rolling procedures were tried to attempt 
to overcome the excessive movement of 
the pavement. The chief difference in 
rolling operations between the work ac- 
complished in 1955 and the work prior 
to 1955 was the extensive use of the 10- 
wheel trucks in 1955. In the Sacramento 
District the initial breakdown of the 
paving mixtures, in general, is made 
when the mixture has a temperature of 
285 to 300 F and good results have been 
obtained. In 1955 the initial breakdown 
was tried at temperatures varying from 
250 to 300 F. Little difference was noted 
when the breakdown was made at any 
temperature in this range. It should be 
noted that the use of 10-wheel trucks to 
increase the density of the pavement had 
to be delayed to 4 days after the pave- 
ment was placed to be effective and that 
the density could be increased by truck 
rolling as much as 13 days after placing. 
Asphaltic concrete placed prior to 1955 
could be rolled immediately after it was 
placed and would not displace when 
rolled with trucks. The mixtures placed 
prior to 1955 contained 85 to 100 pene- 
tration grade asphalt and the type and 
grading of the aggregate was essentially 
the same. Since the asphaltic cement used 
in 1955 was different than that previously 
used and the resultant asphaltic concrete 
mixture required 4 days before it could 
be rolled with trucks it has been desig- 
nated as slow-setting asphalt. The results 
of density determinations, expressed as a 
percentage of the laboratory density, for 
such contracts are summarized in Table 
VI. These data indicate that the poorest 
results were obtained on contract 1306 
where the surface course was placed im- 
mediately after the placement of the 
binder course. In addition the experience 
gained in 1955 indicates that airfield 
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pavements constructed with asphalt that 
has slow-setting properties should not be 
used by aircraft with high tire pressures 
until the pavement has been in place for 
at least one month and perhaps longer. 
The maximum ambient temperatures 
during the time the pavements were 
being placed in 1955 are considered to be 
normal. It was found ‘while placing the 
surface course for contract 1354 that nor- 
mal rolling procedures resulted in satis- 
factory pavement densities when the am- 
bient temperature was 78 F or less. 

The relative density data summarized 
in Table VI shows that excellent densi- 
ties were obtained for those mixtures 
placed prior to 1955. Even though con- 
siderably more compactive effort was 
used in 1955, the results obtained are 
considered as poor. 


CONCLUSIONS 


It is concluded that: 

(a) The quality and gradation of the 
aggregates used in the paving mixtures 
were satisfactory for the production of 
dense-graded asphaltic paving mixtures 
for airfield pavements, 

(6) The temperature of the aggregate, 
asphalt and completed mix for all con- 
tracts complied with the specification re- 
quirements and were satisfactory, 

(c) The equipment used to place and 
compact the paving mixtures was ade- 
quate to produce pavements with a high 
relative density, 

(d) The asphaltic cement used in all 
mixtures complied with the physical and 
chemical requirements of Federal Speci- 
fication SS-A-706b and the project spe- 
cifications, 

(e) The asphaltic cement used in 1955 
had slow-setting properties, 

(f) The asphaltic cement used in 1955 
was not satisfactory for use in the manu- 
facture of airfield pavements with the 
present density requirement, and 

(g) Asphalts produced by blending two 
grades of asphalt do not comply with the 
intent of the Federal Specification. 
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EFFECT OF ULTRAVIOLET LIGHT ON VISCOSITY OF 
‘THIN FILMS OF ASPHALT CEMENTS#:* 


ern 


SYNOPSIS 


es anc < The hardening of thin exposed films of asphalt in service is in part due to the 

_ a ’ effect of ultraviolet energy. Asphalt durability studies by others have indicated 

= 7 that ultraviolet energy acts as a catalyst, accelerating oxidation and conse- 

vs quent hardening of the asphalt. The purpose of this investigation was to de- 

= oo termine whether or not ultraviolet energy is capable of hardening asphalt 
i when oxygen is not present. 


Thin films of two asphalt cements were exposed to ultraviolet energy while 
held between glass slides. After exposure the asphalt was sheared in a micro- 
viscometer and the viscosity computed. The results were compared by statisti- 
cal methods to viscosities of control samples. 

Though the number of tests conducted was quite limited, covering only a 
few samples of the two paving asphalts, the results indicate that ultraviolet 
energy is capable of producing measurable increases in the viscosity of asphalt 


films sealed from the atmosphere. 


Asphalt is a dark, highly viscous 
material consisting of hydrocarbons and 
their derivatives. It is a residue of cer- 
tain kinds of petroleum after the evap- 
oration of more volatile constituents, a 
process which may take place in nature 
or be induced by artificial means. As- 
phalt has many uses in present day 
construction: for example as a binder in 
highway pavements, a protective coating 


+ This paper presents the results of an inves- 
tigation concerning the hardening of asphalt 
cement, and reports the results of limited lab- 
oratory experiments conducted during 1957 
under the auspices of the Graduate School of 
Cornell University. The work was directed by 
Taylor D. Lewis of the School of Civil Engineer- 
ing and was made possible by a grant from the 
Esso Standard Oil Co. of New Jersey. 

* Presented at the Sixty-first Annual Meeting 
of the Society, June 22-27, 1958. 

1 Engineer, Ken R. White, Consulting Engi- 
neers, Denver, Colorado. 
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on drainage pipes, or as a binder to 
hold mineral aggregate to the felt of 


roofing material. 

In these applications and many others, 
the asphalt is distributed in films, some 
of which are so thin as to be transparent. 
Regardless of the film thickness, asphalt 
makes an excellent binder because it is 
adhesive, cohesive, self-healing, resistant 
to abrasion, and waterproof. With the 
passage of time, however, the asphalt 
cement will suffer a gradual loss of these 
desirable properties. 

This lessening of effectiveness is caused 
by hardening which is the result of 
continued exposure to heat, light, air, 
and moisture, which are ever present in 
the environment. A review of the litera- 
ture reveals that many investigations 
have been concerned with the effect of 


Ne wy 


VJ 
4% 


ultraviolet light in accelerating the hard- 
ening of asphalts. 

Ultraviolet light is present to a 
limited extent in natural sunlight, and 
it is known to enter actively into many 
photochemical reactions, but the exact 
manner in which it effects asphalt is not 
known. 

This paper presents the results of an 
investigation undertaken to determine 
the effect of ultraviolet light upon the 
hardening of films of asphalt sealed from 
the atmosphere and held at room temper- 
atures so that the effect of oxygen, heat, 
and moisture may be neglected, and any 
resultant change in properties could be 
attributed to the absorption of radiation. 
This was done by irradiating thin films 
held between microscope slides for peri- 
ods up to ten days, and then shearing 
the asphalt in a microviscometer to de- 
termine any change in the rheological 
properties. For the purposes of this 
report, the hardness of an asphalt was 
characterized by its viscosity. 


HARDENING 


The hardening of an asphalt binder is 
usually discussed in terms of the separate 
reactions that occur in service and result 
in a progressive loss of desirable proper- 
ties. The reactions are: 

. Oxidation, 

. Volatilization, 
Thixotropy, 

. Syneresis, and 

. Polymerization. 

Oxidation is the combination of the 
hydrocarbon compounds of asphalt with 
oxygen and results in a direct union, 
with the elimination of a portion of the 
hydrogen and carbon. Abraham (1)* has 
characterized these reactions as follows: 


C,H, +O —C.H,O....... 
C.H, +O — C,H,-: + H.O.....(2) 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
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C.H, + 20 — C,.:H, + CO,.....(3) 


These reactions (Eqs 1, 2, and 3, in that 
order), require progressively greater 
amounts of activating energy (heat and 
light) to promote them, and it is doubtful 
if the reaction of Eq 3 occurs even at ele- 
vated mixing temperatures. An oxidation 
reaction of type 1 occurs mainly on the 
exposed surface of the asphalt. It forms 
a protective skin on the outer surface, 
and if this protective cover is not 
washed off, the rate of oxygen absorption 
slows and hardening is retarded (2). 

Volatilization is the gradual loss of 
lower molecular weight constituents of 
the asphalt by evaporation and results in 
a harder material. The rate of evapora- 
tion depends upon the ambient tempera- 
ture, the surface area exposed, and air 
movement near the surface. 

Thixolropy is a flow property of a 
colloidal system characterized by the 
ability of the system to undergo a re- 
versible isothermal change in structure 
from a solid to a liquid on the application 
of sufficient shearing force. After removal 
of this force, the liquified system regains 
its rigid characteristics (3). Many investi- 
gators have reported stored asphalts to be 
thixotropic in character, developing a 
structure with the passage of time. This 
internal structural change develops 
rapidly at first and then proceeds at a 
steadily decreasing rate (4). There is some 
indication that air-blown asphalts time- 
harden faster and to a greater extent 
than steam- or vacuum-refined asphalts 
under identical storage conditions (5). 

Syneresis is defined as: “An exudation 
reaction occurring in asphalt, in which 
certain heavy oils, normally acting as 
plasticizing oils (keeping the asphalt soft 
and alive), become incompatable with 
the basic asphalt structure and are forced 
to the surface of the asphalt where they 
are lost (6).” 

Polymerization is a molecular conden- 


sation process in which two similar 
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molecules combine to form a new heavier 
molecule having properties different 
from the two parent molecules. In as- 
phalt, it results in a harder, less flexible 
material. 


WEATHERING 


In general, it is agreed by most investi- 
gators that the hardening of asphalt 
binders in service is due in large part to 
oxidation and volatilization, and to a 
lesser degree to thixotropy, syneresis, and 
polymerization. It is also generally ac- 
cepted that oxidation is accelerated by 
radiant energy, either in the form of heat 
or light. In view of this, it is reasonable 
to expect that mechanical devices which 
simulate the effects of natural weather- 
ing (weatherometers) contain radiant 
energy sources. Most of them do, having 
lamps which furnish energy in either the 
ultraviolet or infrared range, or both. 

Infrared energy is found in the longer 
wavelength portion of sunlight and con- 
stitutes approximately 50 per cent of the 
total. Ultraviolet energy is found on the 
other end of the sun’s spectrum. Its 
wavelengths are much shorter and it 
constitutes only about 5 per cent of the 
total, the remaining 45 per cent being 
visible light. 

The following brief review of other 
investigations serves to illustrate the 
lack of agreement between investiga- 
tors regarding the effects of ultraviolet 
and infrared radiation. 

Zapaia (7-9) has studied the suitability 
of infrared and ultraviolet radiation for 
use in accelerated weathering tests. He 
reports infrared radiation to be prefer- 
able to ultraviolet radiation since the 
intensity of ultraviolet radiation varies 
throughout the year, and it is almost 
completely stopped by an asphalt film 
1 mm thick (9). 

Stanton and Hveem (10) propose the 
concept that infrared radiation, since it 
can penetrate into a mix, is probably 
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more of a contributor to aging than ultra- 
violet radiation. They used a series of 
infrared drying lamps, enclosed in a 
weatherometer, and found that con- 
siderable deterioration of asphalt could 
be produced by the action of infrared 
lamps alone. 

Ultraviolet radiation has also been the 
subject of much discussion and review. 
Thurston and Knowles (11), in an explor- 
ation of susceptibility of the components 
of asphalt to oxidation, concluded that 


TABLE I.—ASPHALTS AGED ON 
GLASS PLATES. 


=) a > Type of Asphalt 
California | Venezuela 
85-100 pen-|85~100 pen- 
etration etration 
Aging index*, n/no 
Aged 94 hr in 140 F oven, 
Aged 330 hr in 140 F 
Aged 15 min in 140 F W)? 
Aged 30 min in 140 F W,? 
Aged 60 min in 140 F W,® 


@ The aging index is the ratio of the aged vis- 
cosity, n, to the original, no . 
>’ Twin are weatherometer. 


oxidation at 140 to 185 F is primarily 
due to the photocatalytic effect of ultra- 
violet light. This fact was demonstrated 
by parallel tests on shielded and exposed 
asphalt samples in which the former ab- 
sorbed 6 ml while the latter absorbed 26 
ml of oxygen. 

Weetman (12), in a study of factors af- 
fecting accelerated weathering tests, con- 
cluded that ultraviolet light acts as a 
catalyst and that comparable weathering 
values will be obtained as long as some 
ultraviolet energy is left in the spectrum. 

In a recent study of the factors influ- 
encing weathering of paving asphaits, 
Vallerga (13) found that weathering thin 


* 
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films in the presence of ultraviolet radi- 
ation caused substantial reduction in the 
penetration of the asphalt samples. 
Similar tests using infrared radiation, 
however, failed to produce as much drop 
in penetration. 

Table I shows data from a paper by 
Griffin, Miles, and Penther (14). The table 
gives the rapid hardening effect of ul- 
traviolet radiation on films 5y thick for 
two paving asphalts. These asphalts 
were aged on glass slides with the film 
surfaces exposed to both the air and the 
radiation. Viscosity data were obtained 
by the use of the sliding plate micro- 
viscometer recently introduced by the 
Shell Development Co. 

In an investigation to determine the 
effect of sunlight on bitumen used for 
coating tin roofs in Germany, Von Wal- 
ther (15) sealed thin films of asphalt and 
tar inside “‘U-viol” (ultraviolet transmit- 
ting) glass tubes. The films used by Von 
Walther were under different atmos- 
pheric conditions in the tubes. Von Wal- 
ther indicated no change in luster, 
weight, or per cent insoluble in benzene 
for the samples that were in a vacuum. 

From the results of these investiga- 
tions, it is apparent that both ultra- 
violet and infrared radiation tend to 
hasten the hardening of asphalt. How- 
ever, the way in which it is accomplished 
by the two types of radiation is quite 
different. Infrared radiation penetrates 
and raises the temperature of the ma- 
terial below the surface. This raised 
temperature leads to increased oxidation 
and volatilization, and consequent hard- 
ening of the asphalt. 

Ultraviolet radiation, on the other 
hand, can cause or accelerate reactions 
only in the upper surface of a pavement, 
roofing surface, or asphaltic paint. Fur- 
ther deterioration of the ‘material de- 
pends upon whether the reaction will 
progress beyond the upper surface. The 
surface of asphalt pavements is usually 
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composed of selected and graded mineral 
aggregate particles surrounded by thin 
films of the asphalt cement. Much of this 
aggregate may be quartz, which is trans- 
parent to ultraviolet radiation. 

It is therefore possible for ultraviolet 
radiation to cause progressive damage to 
the pavement by slowly irradiating and 
hardening the asphalt beneath the sur- 
face particles of quartz. Eventually, 
these particles would loosen and be 
swept away, exposing new surfaces. The 
purpose of this investigation was to 
determine whether this deterioration 
may occur in the absence of oxygen, as 
should be the existing condition beneath 
a particular quartz particle on the sur- 
face of a pavement. 


LABORATORY INVESTIGATION 


Two vacuum distilled asphalts were 
used in the tests, a 90-100 penetration 
grade (asphalt A) and a 60-70 penetra- 
tion grade (asphalt B). Asphalt A is 
specified by New York state for use in 
hot mix, and asphalt B is primarily 
used in the city of New York for hot-mix 
sheet asphalt pavements. 

Thin films of these asphalts were pre- 
pared by placing a small amount on one 
of two warm 3 by 1-in. microscope slides. 
The other slide was then placed on top 
and pressed to distribute the asphalt 
evenly. Uniformity of films thus con- 
structed was checked by viewing through 
a strong light. The thickness of the films 
was computed by weighing the slides be- 
fore and after to 1 mg with an analytical 
balance. The time interval and tempera- 
ture were recorded and kept as constant 
as possible to prevent hardening due to 
the forming process from entering the 
final results. Film thicknesses ranged 
from 50 to 70 uw, and the forming time 
from 3 min 30 sec to 4 min at an average 
temperature of 70 C. 

The ultraviolet radiation was furnished 
by a 400-w mercury vapor street lamp, 
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having 19.41 w or approximately 23 per 
cent of the total output between 340 and 
400 my. This is the portion of the ultra- 
violet spectrum that some investigators 
believe to be the most detrimental to 
asphalts.* The transmission character- 
istics of the microscope slides were in- 
vestigated, and it was found that the 


Fic. 1.—Exposure Apparatus. 


glass was opaque to ultraviolet radiation 
shorter than 290 my, thus stopping all 
but a very small amount of radiation be- 
tween 290 and 340 my. From 340 my to 
400 my, transmittance increased from 85 
to 91 per cent. The visible light (wave- 
length longer than 400 my) emitted by 
the lamp was assumed to have no effect 


3 Unpublished measurements shown to the 
author during personal interview with Mr. M. 
H. Veazey, Director of Research, the R. J. 
Funkhouser and Co., Inc., Hagerstown, Md., 
Jan. 11, 1957. 


on the results. This assumption was 
based on a study of the literature, and not 
on any conclusive experimental evidence. 

The films of asphalt were exposed in 
the rack shown in Fig. 1. The arrow, a, 
points to the bulb which is partially ob- 
scured by the curved Plexiglas rack hold- 
ing samples. Three separate groups of 
slides are being exposed; the two Mason- 
ite boards hold samples 9 in. from the 
center of the horizontal lamp, while the 
Plexiglas sample holder is at a distance 
of 4 in. from the center of the lamp. A 
wooden shield protecting the control 
slides is visible on the vertical board at 
b. The control slides for the group held 
by the Plexiglas were wrapped in lead 
foil and held between the Plexiglas and 
the exposed slides. The laboratory stand 
holds the thermometers. The tempera- 
ture log, fan, and tranformer are also 
visible. 

At the end of the exposure period, the 
slides of a particular group were removed, 
warmed, and slipped apart. Next, the 
asphalt was scraped with a razor blade 
from each pair of exposure slides and 
transferred to a pair of viscosity plates 
used in the testing instrument. The 
viscosity plates were then pressed to- 
gether to form a film, and the homoge- 
neity of the film was checked by viewing 
in a strong light. The plates were allowed 
to cool 1 hr before being cleaned, dried, 
and weighed to 0.1 mg. The weight of the 
asphalt between the plates was computed 
by subtracting the original weight of the 
plates, and the film thickness then com- 
puted. 

The sliding plate microviscometer, in- 
troduced by the Shell Development Co. 
and described in recent papers (16,17) was 
used to measure viscosity. This instru- 
ment, applies by means of a beam bal- 
ance, a known load or shearing stress to 
a thin film of asphalt between two glass 
plates, 20 by 30 by 6 mm thick. Move- 
ment of the glass is followed by a metric 
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Fic. 2.—Microviscometer, Water Bath, and Movement Chart. 


Time, sec 


420 380 340 300 260 180 
Micrometer Dial Reading, » 


soho Fic. 3.—Shear Movement versus Time for Three Loads. 
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Fic. 4.—Log Shear Rate versus Log Viscosity. 


micrometer driven by a servo motor. 
Movement of the glass plates is meas- 
ured directly by reading the micrometer 
as a function of time. 

Figure 2 shows viscosity plates in 
water bath (arrow), with temperature at 
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TABLE II.—VISCOSITY OF BULK SAMPLES. 


portional to the rate of shearing strain, 
and the viscosity constant, 7, is then 
equal to shear stress divided by shear 
rate: 


N(poises) = 


where: 


I 


force in dynes, 

A = area of plates in sq cm, — 

= velocity, Al/At, of plates, in yw per 
sec, and 

R = thickness of asphalt film in yp. 


= 
| 


Using the R value for the film tested 
in Fig. 3, three values of viscosity at 


| 
|Number of Per Cent 
Observe | paises polses Standard 
Asphalt B, taken cold from top surface of bulk 
10 | 4.922 x 10 | 1.029 x 108 | 22.2 
Asphalt B, 2 in. below surface, 50 g, stirre od, 
warmed to 6 3.673 0.133 3.6 
Asphalt A, 2 in. below surface, 50 g, stirred, 
warmed to ds 6 1.057 0.0582 5.5 


77 + 0.1 F. The plates were allowed to 
come to this temperature, loads were 
applied, and the movement in terms of 
microns versus time plotted directly on 
the table in the foreground. 

Figure 3 is an example of the time 
versus movement graphs which were 
plotted for each viscosity test. Because 
most asphalts are non-Newtonian (vis- 
cosity varies with shear rate), each 
sample was tested at three different shear 
rates. For each shear rate, the dial read- 
ing was plotted every 10 sec and a 
straight line fitted by eye through those 
points. The total movement, Al, for a 
given time interval, A/, was read from 
this line. 

For a fluid between flat plates, it can 
be shown that the shearing stress is pro- 


three different shear rates are computed. 
These values are plotted as the log 
viscosity versus shear rate (Fig. 4). (This 
is a straight line for most asphalts.) The 
necessity for specifying shear rate when 
discussing the viscosity of a non- 
Newtonian asphalt is illustrated by the 
slope of the line in Fig. 4. The shear rate 
used to compare viscosities in this re- 
port was 0.05 sec; therefore, the vis- 
cosity of this particular film would be 
reported by interpolation to be 6.5 K 10° 
poises at 77 F. 

In order to determine the extent of 
hardening caused by heating the asphalt 
during film construction, the original 
viscosity of the asphalts as received from 
the refinery was checked. The results of 
these measurements, expressed as arith- 
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metic means, x, and estimated standard 
deviations, s* together with the methods 
of taking asphalts from sample cans, are 
summarized in Table IT. 

Table II illustrates the importance of 
securing representative samples from a 
bulk container. In the first instance, a 
glass rod was forced into the surface of 
the asphalt, and the small amount which 
adhered to the rod was transferred to 
the viscosity plates. This was repeated at 
random ten times. The excessive stand- 
ard deviation of this set was probably 
due to surface hardening. (The asphalt 
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ultraviolet light and shielding the re- 
maining five. 

3. Testing the viscosity of all films 
after a period of 252 hr. 

4. Computing the average viscosity 
for the five exposed films and comparing 
it to the average viscosity of the five 
shielded films. 

The three groups with test conditions 
and final viscosities are listed in Table 

To determine whether the increase in 
viscosity of the exposed films over the 
shielded (Table III) is significant in re- 


TABLE III.—VISCOSITIES AFTER 252 HR IN TEST RACK. 
Average | Number of Bie cal Estimated P 

Test Tem- Exposure Obser- Mean Viscosity, Standard er Cent 
Group and Asphalt perature, Condition vations, x Deviation, — 
30. Shielded 5 1.46 X 10° 0.106 108 
30.2 Exposed 5 1.57 0.165 
29.7 Shielded 5 5.67 0.101 
SP Ree 29.7 Exposed 5 6.45 0.278 
41.7 Shielded 5 1.89 0.394 
SS ee 41.7 Exposed 5 2.50 0.705 


@ Lamp to film distance was 9 in. except in group 3-A which was 4 in. 


had been stored undisturbed at room 
temperature for 5 months.) Much better 
results were obtained in the second and 
third sets of observations. In each of 
these sets, approximately 50 g was cut 
from 2 in. below the surface and trans- 
ferred to another container, warmed to 
100 C in a water bath, stirred, cooled, 
and then tested. 


Test RESULTS 

The experimental work covered by this 
report is represented in large part by 
three separate groups of viscosity data. 
The procedure for obtaining each was: 

1. Constructing and sealing ten films 
of the same asphalt between microscope 
slides. 

2. Exposing five films to the action of 


lation to the experimental variation, a 
Student / test was applied. The assump- 
tions made in order to apply this test 
were: (1) the underlying population is 
normally distributed, and (2) similar 
construction methods and times permit 
the standard deviation data to be pooled. 
The hypotheses were: 


Ho: Xexposed = Xshielded 


The estimated standard deviation data 
was then pooled: 
— 


Sp = 


m + m — 2 


* The Student ¢ test is a statistical method of 
making a statement about the relative magni- 
tude between two arithmetic means (% (ex- 
posed) and Z (shielded)) which are computed 
from different sets of data. 
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And the value of computed: 


(Xexposed Xshiclded) 


VE + 1 
fed From a table 


of ¢ distributions, the 
probability of obtaining a deviation 
(ts value) numerically greater than 2.306 
is 5 per cent. Therefore, if the computed 
value of /s is larger than 2.306 the first 
hypothesis, Ho, must be rejected and 
the second, H,;, assumed true. If the 
computed value of és is less than 2.306, 
then the difference between the means is 
not great enough (at the 95 per cent 
probability level) to make any state- 
ment about their magnitude. 
The computed values of és were: 


It is evident, then, that only group 2-B 
passed the test and only for this group 
,is the increase statistically significant. 
Though both groups 1-A and 3-A show 
a mean increase, it is not statistically 
significant because of the large standard 
deviations. This was probably due in 
group 1-A to poor technique, both in 


stances,” Fifth Edition, D. Van Nostrand, 
New York, N. Y. p. 1464 (1945). 

) W. P. Van Oort, “Durability of Asphalt, 
Its Aging in the Dark,” Industrial and 
Engineering Chemistry, Vol. 48, No. 7, 
July, 1956, pp. 1196-1201. 

C. J. Mack, “The Flow Properties of As- 
phalts and Their Measurement by the 
Penetrameter,” Journal, Soc. Chemistry 
and Industry, Vol. 58, p. 307 (1939). 

R. N. Traxler and C. E. Coombs, “Devel 
opment of Internal Structure in Asphalts 
with Time,” Proceedings, Am. Soc. Testing 
Mats., Vol. 37, Part II, pp. 549-55 (1936). 
R. N. Traxler and H. E. Schweyer, “In- 
crease in Viscosity of Asphalts with Time,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
36, Part II, pp. 544-50 (1936). 


film formation and testing. The exceed- 
ingly large standard deviation of group 
3-A was caused indirectly by high test 
temperatures and resulting loss of as- 
phalt during the exposure period. The 
amount remaining was insufficient for 
proper testing in the microviscometer.*® 


CONCLUSIONS 


It is generally accepted by most as- 
phalt technologists that hardening of 
asphalts is a complex phenomeon occur- 
ring through the mechanisms of oxida- 
tion, volatilization, thixotropy, syneresis, 
and polymerization. Radiant energy also 
helps the process along; the infrared por- 
tion raises the temperature and promotes 
volatilization while the ultraviolet ac- 
celerates the oxidation of the asphalt. 

The results of this investigation, with 
limited data, indicate that ultraviolet 
radiation longer than 300 my may also 
harden asphalt even when oxygen is not 
present. The increase in the viscosity of 
exposed films of asphalt as compared to 
control films which were shielded is at- 
tributed to the absorption of ultraviolet 
energy by the asphalt. 

5 For best results, film thickness in the micro- 
viscometer should be in the range of 60 to 100 u. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
EFFECT OF WATER ON BITUMINOUS PAVING 
MIXTURES 


light of the tremendous national highway program underway through- 
i out the nation, it is timely to make available a group of papers discussing 
the factors which play a significant part in the behavior of bituminous pav- 
ing mixtures when exposed to the stripping action of water. 

This Symposium on Effect of Water on Bituminous Paving Mixtures was 
sponsored by ASTM Committee D-4 on Road and Paving Materials. The 
‘papers and discussion in this Symposium were presented at the Nineteenth 
Session of the Sixty-first Annual Meeting of the Society held in Boston, 
Mass., June 24, 1958, under the chairmanship of C. E. Proudley, North 
Carolina State Highway and Public Works Commissioner, Chairman of the 
Special Subcommittee. 

A paper by A. B. Brown, J. W. Sparks, and G. E. Marsh entitled “Objec- 
tive Appraisal of Stripping of Asphalt from Aggregate” presented at the 
Fifteenth Session was included for publication in this volume because it 
rounds out the rest of the Symposium. 

The papers included in the Symposium are: 


Introduction—C. E. Proudley 
7 Field Observations of the Behavior of Bituminous Pavements as Influenced by 


Cur Moisture—W. K. Parr 
___ Relationship of Aggregate Characteristics to the Effect of Water on Bituminous 
a Paving Mixtures—J. M. Rice 


- Laboratory and Field Studies of Asphalt Paving Mixtures—E. W. Klinger and 
J. C. Roediger 
— Laboratory Study of Anti-Stripping Additives for Bituminous Materials—P. F. 
Critz 

Objective Appraisal of Stripping of Asphalt from Aggregate—A. B. Brown, 
J. W. Sparks, and G. E. Marsh 
s Methods of Testing for Water Resistance of Bituminous Paving Mixtures—W. H. 
Goetz 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 240 entitled “Symposium on Effect of Water on Bituminous 
Paving Mixtures.” 
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THE CONSTANT VOLUME CONDITION AT SMALL PLASTIC STRAINS 


By J. D. Lusann! 


SYNOPSIS 


In tension tests on copper and on an aluminum alloy, using mechanical 
strain gages, it was found that the constant volume condition applies to 
small plastic strains. That is, the sum of the offset plastic strains in the three 
principal directions is zero in the strain range up to 1 per cent. Reanalysis 
of previous data from the literature confirmed this conclusion. 

For strains greater than about 0.002, SR-4 gages gave strain values sig- 
nificantly lower than those from mechanical gages. 
ri The conclusions from this investigation depend heavily upon the accuracy 
: of difficult measurements. Sufficient accuracy probably was attained, but 
S additional work, with still greater accuracy, might be desirable. 


DEFINITION OF SYMBOLS 


oa = conventional strain, 
e,oré, permanent strain after load removal, 
€p OF Ep offset from elastic line, 
OF €; = strain in direction of loading, 
€y, OF €y = strain in two transverse directions perpendicular to each other, 
Cece = average of plastic strains in x and y directions, a 
€m OF Em = measured strain, 
€. OF € = strain that has been corrected for transverse strain, 
e,Oré;, = strain in the measuring direction, oh... 
strain transverse to the measuring or loading 

Mo oe = elastic value of Poisson’s ratio, and 


K ; = experimental constant used in correcting for the strain transverse to the 
4 measuring direction 


It has been recognized for many years 
that the volume of a metal is not ap- 
preciably affected by forming operations. 
In rolling sheet, for example, one ob- 
serves that, with essentially no change in 
width, a 50 per cent decrease in thickness 
results i in a doubling the length. 


1 Knolls Atomic Power Laboratory, General 
Electric Co., Schenectady, N. Y. 


1327 


Such observations apply, of course, to 
dimensions measured after the forming j 
process. In other words, the dimensional 
relationships are expressed in terms of 
the permanent strains remaining after re- 
moval of the load. The principle that the 
volume is not affected by permanent 
strain can be expressed either as: 


(1 + + + ez») = 1,...(1) 


% 
- 


€> 


+ + = 0. (2) 


where x, y, and z are any three mutually 
perpendicular directions and e» and ep 
are conventional strain and logarithmic 
strain defined as: 


’ permanent change in length 


initial length 


(3) 


and: 


length after plastic flow 
and remov al of the load 


= In 
“galas 1 and 2 are very useful in 
dealing with metal forming problems 
such as rolling, drawing, upsetting, ex- 
trusion, etc., and their use is described 
in numerous technical papers, as well as 
in a reference book on this subject by 
Sachs and Van Horn (1).” 

For the large plastic strains involved 
in such forming operations, Eqs 1 and 2 
are well established, by wide experience 
within the forming industry, as being 
sufficiently correct for practical purposes. 
Apparently Eqs 1 and 2 are also valid for 
small plastic strains. Statements to this 
effect, but without supporting data, have 
been made by many investigators, such 
as Taylor and Quinney (6), on the basis 
of density measurements before and after 
deformation. Many of these density 
measurements are not accurate enough 
to insure a high degree of conformity to 
Eqs 1 and 2 at a low level of plastic 
strain, while other measurements are ac- 
curate enough to indicate a very high 
degree of conformity. Let us suppose, for 
example, that one wished to know the 
ratio of a transverse strain to the longi- 
tudinal strain for conditions where the 
two mutually perpendicular transverse 
strains were equal to each other. This 


initial length 


2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1344. 
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ratio would be equal to —3, according to 
Eq 2, if the strains are expressed as 
logarithmic strains. In Goodman and 
Russell’s work (4), then, an accuracy of 
density measurements of about 0.02 per 
cent only serves to show that the trans- 
verse-to-langstudinal strain ratio is within 
10 per cent of —} at a longitudinal strain 
of 0.002, while ‘Stowell and Pride’s (3) 
accuracy of density measurements of 
about 0.0014 per cent serves to show that 
this strain ratio is within 1 per cent of 

5 at a longitudinal strain of 0.002. 
Smith (7) reported volume changes for 
different metals ranging from —0.07 to 
+0.09 per cent. 

Often it is necessary to use an equation 
like Eqs 1 or 2 tosolve the plasticity prob- 
lems that arise in connection with design 
of load-carrying structures that are per- 
mitted to undergo small amounts of 
plastic flow (see reference (19), for exam- 
ple). In such design considerations, the 
plastic strains involved are usually con- 
siderably less than 1 per cent, and the 
problem invariably requires knowledge of 
the plastic strains under load, rather 
than after removal of the load. It has 
been widely assumed in solving these 
plasticity problems that equations simi- 
lar to Eqs 1 and 2 apply to the plastic 
strains that exist under an applied load, 
and that this applicability extends to 
very small values of plastic strain. How- 
ever, the experimental data which are 
available to justify this assumption are 
very scanty and confused. These data 
will be reviewed and interpreted, and 
then additional data bearing on the ques- 
tion will be presented. 

In dealing with data taken while the 
metal is under load, it is necessary to de- 
fine plastic strain in a different way than 
in Eqs 3 and 4. In plasticity problems 
for design engineering purposes, what is 
needed is a relationship between the 
principal plastic strains defined as the 
difference between the total strain and 


| 
| 
4 


/ 


60000 


a 
a 


50 000 


Stress 


40000 


20000 


T 


i 


+- 8130 X/0°§ Total Plastic Stain 


LUBAHN ON CONSTANT VOLUME CONDITION 1329 
100 000 
1600 X/0~© Creep Strain 
90000}- ot Constant Load 
80 000}- 
: Yield Strength: 79000 psi 
70 000}- / / 


Le i 


2000 4000 


6000 


8000 10000 12000 


Strain , microinch per in 
Fic. 1.—Stress-Strain Curve for Type 403 Stainless Steel Quenched and Tempered to 80,000 p 


Yield Strength. 


After slow loading at constant strain rate, the specimen was allowed to creep at maximum load 
for 1 hr before slow unloading. From reference (5). 


the elastic strain, or the offset from the 
elastic line. In these plasticity problems, 
the total strains in various directions are 
related to each other by the compatibil- 
ity conditions and the elastic strains are 
related to the stresses by Hooke’s law. 
Plastic strain defined by Eqs 3 and 4 is 
not the same as the offset from the elastic 
line, because of the characteristic curva- 
ture of the unloading line after plastic 
flow has occurred. In Fig. 1, for example, 
the offset from the elastic line is 0.00870, 
while the permanent strain is only 
0.00813. The fact that the materials of 
this investigation showed similar be- 
havior is shown by Fig. 16. In this paper, 
symbols ep ande, , asdefined in Eqs3 and 
4, are used to indicate the permanent 
strains remaining after unloading; and 
the symbols e, and ¢, are used to indicate 


plastic strains as defined by the offset 
from the elastic line, or the “offset plastic 


strains:” 

initial length 

(5) 

stress 
Young’s modulus 
length at load cs 

initial length 


. . (6) 


stress 


Young’s modulus 


With this notation, equations similar to 
Eqs 1 and 2, can be written applying to 
the offset plastic strains: 


exp + exp + Gp = 


: 
ray 
) 
| 
5 
| 
N, = 


Te 


Fic. 2.—Ratio of Transverse Strains for Tension and Compression Specimens Cut in the Rolling 
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Direction from Aluminum Alloy Sheet and Plate. 


Data on 2024-T4 are for compression of square specimens at 0.004 to 0.01 plastic strain. Data on 
24S are for tension of wide and narrow strips at about 0.14 plastic strain. : F 


«|= Equol Strains in 
Le Width and Thickness 24S-0 Reference (2) 
216 Directions e@ 24S-T Reference (2) 
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Fic. 3.—Ratio of Transverse Plastic Strains for Tensile Specimen Cut in the Rolling Direction 


from FS-ih Magnesium Alloy Sheet. 


From the data of reference (4). 


Much of the data in the literature on 
tension and compression tests which can 
be used to determine the validity of Eqs 
7 and 8 is presented in the form of ratios 
of transverse to longitudinal strain, or 
“Poisson’s ratio.” In forming this ratio, 
it is customary to use the total conven- 
tional strain, including both the elastic 
and plastic portions. It is often stated 
that Poisson’s ratio changes gradually 
from its value in the vicinity of 0.3 in the 


elastic region to a value which approaches 
} at large plastic strains. It must be rec- 
ognized, however, that this ratio will not 
approach 4 unless several conditions are 
satisfied : 

1. The 
equal. 

2. The deformation is expressed in 
terms of logarithmic strain rather than 
conventional strain,* and 


two transverse strains are 


it 
d 
| 


n 
n 


3. Equations 7 and 8 are valid. 

If the specimen is made from drawn 
rod, the transverse strains will be very 
nearly equal, because of axial symmetry. 
Under these conditions Eq 8 reduces to: 


€zp 


In other words, the criterion of conform- 
ity to the constant volume condition un- 
der conditions of axial symmetry is that 


-0.07 
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If a rod- or strip-shaped specimen is 
cut in the rolling direction from sheet or 
plate, the transverse strains will usually 
be unequal in the width and thickness 
directions of the sheet. The two trans- 
verse strains may be unequal from the 
start and remain in approximately con- 
stant ratio, as in the aluminum alloys of 
Fig. 2, or the strains may become unequal 
as the deformation proceeds, as in the 
magnesium alloy of Fig. 3. Under these 


Mild Stee! Rod 
Al3 Alloy Steel Rod 
a Aluminum Alloy HE 14T Rod 
a Magnesium Alloy Rod 


-005+ FS-IH Magnesium Alloy Pilote- 
From Data of Reference (4) 
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Fic. 4.—Results of Tension Tests on Several Rod and Plate Materials Using Mechanical-Type 


Strain Gages. 


For the plate tests, the ordinate values are the average of the strains in the width and thickness 


directions. 


the ratio of either transverse logarithmic 
plastic strain to the longitudinal loga- 
rithmic plastic strain is —}. In a sense, 
this is similar to saying that Poisson’s 
ratio is } except that we are dealing with 
the plastic portion of the strain and ex- 
pressing it as logarithmic strain, instead 
of dealing with total strain (including the 
elastic portion) and expressing it as con- 
ventional strain. 


% At 100 per cent conventional strain, the 
cross-section is 14 the original, the diameter is 
0.707 times the original, the transverse strain is 
— 29.3 per cent, and Poisson’s ratio appears to 
be 0.293, rather than 0.500. 


From Data 
of Reference (7) 


Slope =-% 

~ 


! ! 1 1 
006 007 008 009 O10 O11 O12 


conditions, Eq 8 can be written in the 
form: 
€tpav 


1 
2 


where € ay is the average transverse 
logarithmic plastic strain: 
€zp + €yp 


.........- (1) 


2 


In other words, the criterion of conform- 
ity to the constant volume condition for 
transversely asymmetric conditions is 
that the ratio of the average transverse 
to the longitudinal logarithmic plastic 
strain is —}. 
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Equations 7 and 8 are the equations 
which are in suitable form to be used in 
plasticity problems where small plastic 
strain accompanies the elastic strain. 
Equations 9 and 10 are suitable criteria 
for judging whether Eqs 7 and 8 are ap- 
plicable in a tension or compression test. 
In this report we shall be concerned 
primarily with the validity of Eqs 7 and 
8. The fact that the density measure- 
ments described above indicate Eqs 1 
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reported, but these data are not entirely 
satisfactory for showing the validity of 
Eqs 7 and 8 for one or more of the fol- 
lowing reasons: 

1. The plastic strains are not small 
enough, 

2. The strain measurements are not 
reliable, 

3. Only one transverse strain was 
measured, and the other cannot be as- 
sumed to be equal to it, and 


X-Direction | 
e Y- Direction | 2024-14 Aluminum Alloy -Compression ° 
 Z- Direction | Mechanical Strain Gages, from Data of Reference(3) 
2 _5} Steel Plate Tension 44C ,Wire Resistance Gages , from 
a. Dato of Reference (10) 
a 14S-T6 Rolling Direction | Specimens Cut 
» 14S-T6 Transverse Direction’ from Square Bars. 
¢ @-4 ¥ 24S-T4 Rolling Direction Wire Resistance ® 
7 7 75S-T6 Rolling Direction Gages , Tension 
Be Data from Reference(9) 
Se 
> 
< 
ye 
2 ! ! it L 1 


and 2 to be valid does not mean that 
Eqs 7 and 8 are also valid, because of the 
difference in the plastic strains defined by 
Eqs 3 and 4 and by Eggs 5 and 6, as il- 
lustrated in Fig. 1. However, since plas- 
tic strains by the two definitions are not 
greatly different, we may conclude from 
the density measurements that Eqs 7 and 
8 are at least approximately correct. 
Direct evidence of the validity of Eqs 
7 and 8 is almost entirely lacking in the 
technical literature. There are many 
investigations where longitudinal and 
transverse strains have been measured, 
and values of Poisson’s ratio have been 


Longitudinal Logarithmic Plastic Strain, mi! per in 


Fic. 5.—Results of Compression and Tension Tests on Several Materials. 


4. The data do not apply to a wide 
enough variety of materials to draw a 
general conclusion. 

Figure 4 shows test results from the 
literature at comparatively large strains, 
expressed in a form suitable for compar- 
ing with Eqs 9 or 10. Similar results could 
be obtained for 24S-T aluminum alloy by 
suitable analysis of Klingler and Sachs’ 
data (8), and for commercially pure titan- 
ium by analysis of Goodman and Rus- 
sell’s data (4). Figure 4 shows that Eqs7 
and 8 are very nearly correct in the range 
of longitudinal logarithmic plastic strain 
from 1 or 2 per cent to about 10 per cent. 
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The scattering about a trend line is such, 
however, that the validity of Eqs 7 and 8 
cannot be demonstrated for strain levels 
less than 1 per cent. 

Figure 5 shows test results from the 
literature at plastic strains less than 1 
per cent, expressed in a form suitable for 
comparison with Eq 10. At these small 
strains, e and ¢ are substantially equal, 
and so conventional strains were plotted 
instead of the logarithmic strains called 
for by Eqs7 and 8. The same procedure 
will be used in reporting results of new 
tests later in this report. 

In Fig. 5, a slope of —} represents con- 
formity to Eq 10. The actual experimen- 
tal slopes range from —0.44 for low- 
carbon steel to —0.50 and —0.61 for 
aluminum alloys. Other ferritic steels and 
stainless steel also have been considered 
(3,10) but conformity to Eq 10 cannot 
be assured because only one of the two 
transverse strains was measured. Stang, 
Greenspan, and Newman (10) investi- 
gated the steel plate at room tempera- 
ture, as well as at the low temperature 
mentioned in Fig. 5, and found behavior 
(strain ratio of —0.45 at 2 per cent 
strain) similar to that at low tempera- 
ture. 

The reason for the differing slopes in 
Fig. 5 is not immediately evident. Ap- 
parently the variations in slope do not 
represent real differences between ma- 
terials, because considerable difference 
occurred in two different investigations 
of the same material (24S-T aluminum 
alloy). This discrepancy in the data on 
24S-T aluminum alloy in Fig. 5 will be 
considered in more detail later. For the 
moment, it is only important to note 
that the data in reference (9) were ob- 
tained with SR-4 gages, while those in 
reference (3) were obtained with me- 
chanical gages. The SR-4 gage readings 
in reference (9) were corrected for trans- 
verse strain, using quite a large factor 
obtained from a theoretical analysis that 


is not consistent with the experimental 
correction factors given by Perry and 
Lissner (13). In reference (10), SR-4 gage 
measurements also were used,‘ but with- 
out any correction for transverse strain. 

Information pertaining to the validity 
of Eqs 1, 2, 7, and 8, as reported in the 
technical literature, may now be sum- 
marized as follows: 

1. Density measurements show fairly 
well that Eqs 1 and 2 are valid, but these 
density measurements cannot be used to 
show that Eqs 7 and 8 are valid, and 

2. Measurements of strains in various 
directions show that Eqs 7 and 8 are 
valid for large strains; the evidence at 
small strains, of interest in design engi- 
neering problems, is conflicting. 


The objective of the tests now to be 
described was to determine whether Eqs 
7 and 8 are valid at small plastic strains 
for a variety of materials. 


EQUIPMENT AND EXPERIMENTAL 


PROCEDURE 


In preliminary tests, small specimens 
were tested, but later larger specimens 
were used to attain higher accuracy of 
transverse strain measurements by me- 
chanical methods, by virtue of the longer 
gage length. For the small specimens, a 
high degree of concentricity of loading 
was obtained by using a special fixture 
described in an earlier paper (20). The 
larger specimens could not be handled by 
this loading fixture, and so approximate 
concentricity was obtained by trial-and- 
error shimming under the nuts holding 
each end of the specimen. It was found 
that moderate amounts of eccentricity 
were not as troublesome as other diffi- 
culties to be described. The detrimental 


* According to ‘‘Methods of Test”’ in reference 
(10), both SR-4 gages and Tuckerman gages 
were used. However, it seems likely that in 
these tests on 1!¢ in. round bars, Tuckerman 
gages (with 1 in. gage length) were not used for 
measuring the transverse strains. 
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effects of eccentricity were largely 
avoided by averaging diametrically op- 
posite gages, or by measuring both 
transverse and axial strain on the same 
side of the specimen. 

It was considered desirable to meas- 
ure strain by two independent methods, 
so all specimens were provided with SR-4 
wire resistance strain gages and also with 
mechanical gages. In general, the me- 
chanical gages were considered more 
desirable than the SR-4 gages, because 
they could be calibrated before and after 
the test. Such a procedure insures that 
the test results using mechanical gages 
are correct within the limits of accuracy 
of the calibration. Of course, representa- 
tive SR-4 gages from a given lot of gages 
are calibrated in advance by the manu- 
facturer, but there is no way to check the 
calibration after the test, and further- 

more it is never the actual gage used in 
~ the test that has been calibrated. On the 

- other hand, all the evidence that could 
» be found in the technical literature indi- 
cated that wire resistance strain gages 
are reliable up to the point where wire 
_ breakage causes an open circuit. 
For continuous loading in one direc- 

_ tion, Kammer and Pardue (11) and 
__ Swainger (12), for example, show that the 
___ kind of wire used in SR-4 gages (such as 

constantan) has linear strain-resistance 

_ change curves up to large plastic strains.* 

Stang, Greenspan, and Newman (10), 

_ who measured strains up to about 2 per 
cent with both SR-4 gages and Tucker- 
= gages, did not report any discrep- 


ancy in the measurements. Perry and 
_Lissner, in their treatise on wire resist- 
ance gages (13), do not mention any dis- 
ng crepancies in calibration of these gages. 
In short, at the outset of the investiga- 
tion there was no reason to doubt the 
--__-validity of SR-4 strain measurements in 
_ the strain range from 0 to 1 per cent. 


5 For single-strand gages, this linearity also 
specimen 
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a prevailed when the wire was cemented to a test 


The SR-4 gages were applied in the 
manner recommended by the manufac- 
turer. They were always applied to the 
specimen in pairs, at opposite ends of a 
diameter. The strains from the two gages 
were averaged to obtain centerline strain. 
In all the tests there were two pairs of 
axial gages and two pairs of tangential 
gages, so that two values of centerline 
strain in each direction were available. 
Differences of 10 per cent between the 
two values were common, particularly 
in the tangential direction. The reported 
values are the averages for the four gages 
in a given direction. 

The SR-4 gage readings were corrected 
for the strain in the direction transverse 
to the measuring direction. This correc- 
tion was negligible for the axial direction, 
and ranged from 4 to 8 per cent for the 
transverse direction, depending on the 
value of Poisson’s ratio and the type of 
gage used (usually A-7 or A-8). The cor- 
rection was made according to the follow- 
ing equation, derived from reference (13): 


€c = @m — Klemi(uo — K) + eme(1 — Kpo)] 


where e, is the corrected strain in the 
measuring direction, é»: is the measured 
strain in the measuring direction, K is 
a constant determined experimentally 
(—0.02 for A-8 gages and —0.01 for A-7 
gages according to Perry and Lissner 
(13)), uo is the value of Poisson’s ratio in 
the elastic region, and é@»+ is the measured 
strain in the direction transverse to the 
measuring direction. 

Because of the large number of meas- 
urements, strain, load, and time readings 
were taken “on-the-fly” under conditions 
of constant head speed. The readings on 
the different gages were taken in rotation, 
and simultaneous values were obtained 
by interpolation with respect to load or 
time, whichever resulted in more accu- 
racy by virtue of there being a larger and 
more easily measured change. 


The problem of contact errors in 


= 
st 
k 
Pp 
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switching from one gage to another was 
studied in some detail. It was found that 
knife switches introduced somewhat less 
error than SR-4 gage switches or thermo- 
couple switches (about 10 microinches 
per inch). However, these errors were 
random and did not significantly affect 
the reliability of the final result unless 
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pointer fulcrum carriage. The load was 
reduced slightly during these resettings 
to avoid creep. The Huggenberger exten- 
someters were calibrated against curva- 
ture of an elastic beam 0.247 in. thick, 
using a 0.001-in. dial gage to measure arc 
height above a 143 in. chord. With such 
an arrangement, full travel of the pointer 
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Gage length = 1 cm. 


the total effect being studied was exceed- 
ingly small. 

In some of the tests the axial strains 
were measured with diametrically oppo- 
site Huggenberger extensometers having 
a gage length of 1 cm and magnification 
factor of about 2000. A gage length of 
1 cm was used for long travel and low 
sensitivity, and a gage length of 17.9 
cm for short travel and high sensitivity. 
For a given sensitivity, maximum travel 
was obtained by periodic resetting of the 


1 
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r Motion ,cm 


Fic. 6.—Typical Calibration Curve of Huggenberger Extensometer No. 412 in Tensile Loading. 


on the Huggenberger scale corresponded 
to 0.46 in. of travel on the dial gage, 
which could be measured easily to an 
accuracy of 1 per cent. A typical calibra- 
tion curve is shown in Fig. 6, and a sum- 
mary of several calibrations on both 
gages is given in Table I. Table I also 
gives the sensitivity, reliability, and 
amount of mechanical take-up. 

The calibration uncertainty of 2 per 
cent is probably due to variations in the 
clamping force used in applying the 
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- gages. Such variations can cause as much tl 
TIONS. 7 7 "as 5 per cent calibration uncertainty, as b 
discussed by Vose (14). Somewhat better a 
Gage No. 412 Gage No. 431 calibration reproducibility can be ob- mr 
tained with Tuckerman gages (15), but 
Upscale | Downscale | Upscal D 1 
Decale Huggenberger gages were preferred as 
_ Ls being much easier to read, reliable u 
1980 2000 1945 1945 enough for the purpose, and at least as ty 
1970 1970 1935 1935 sensitive as Tuckerman gages (0.1 scale k 
1940 1860 1840 1770 
1930 1860 1860 1820 division = 2 X 10~ in. motion of Hug- hi 
1 genberger gage knife-edge as compared tl 
Average: —6 ; 
with 0.1 scale division 4 x 10~* in. e 
| motion of Tuckerman gage knife-edge). a 
- Calibrating uncertainty * 2 per cent In some of the tests the axial strain 
_ Scatter of data points: 0.2 mm (pointer motion) was determined by means of a mechani- 
Mechanical take-up: 0.7 mm (pointer motion) ‘ 
gage (16) in which the motions of 
¢ Probable error of a single calibration. spring-loaded knife-edges at the ends of 
Tension @ 
Bar 
Elastic 
| | Calibrating 
n 
‘sili Fic. 7. —Scissors Gage for Diameter Measurement (spring not used in calibrating), =| 


\ 
at 


ch the gage length were transferred to ball- principle of operation, this “scissors” 
aS bearing carriages by long, flexible rods, gage resembled diameter gages described 
er and the relative motion of the carriages previously (17,18); however Huggen- 
b- measured with a microformer-type dis- berger gages were used instead of a light 
ut placement gage. beam to measure the motion of the arms. 
as Two types of mechanical gages were The scissors gage was suspended from its 
le used for measuring diameter. The older own center of gravity to avoid the action 
as type consisted of two spring-loaded of gravity forces on any of its parts. 
le knife-edges moving on guide rods and_ Elastic ligaments were used as hinges, 
g- having a 0.0001-in. dial gage to measure one at each side of the square frames. It 
ed the relative motion of the two knife- was found in early tests that motion was 
n. edges. The guide rods were lubricated not transferred reliably through a spring 
, and the spring tensions adjusted to avoid _ steel ligament clamped at both ends, so 
° 
in 
0.001 
~0.0009+ 
pe $0.0008 
x 0.0006} 
°0.0005+ 
@ Knife-Edges Closing — 
50.0004} 
Ss © Knife-Edges Opening | 
0.0002 
test O 0.0002 00004 06006 00008 00014 
Motion at Huggenberger Knife-Edges, in 
ite 
_ Fic. 8.—Two Typical Scissors Gage Calibrations. aes) 
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any cocking of the knife-edges on the 
guide rods. Freedom from sticking was 
evidenced by smooth motion of the knife- 
edges as they followed the contraction of 
the specimen. This gage proved to be 
sensitive enough to detect plastic strains 
of about 0.00002. 

A new type of diameter gage, Fig. 7, 
was developed specifically for this in- 
vestigation. In operation it resembled a 
pair of scissors with the specimen pinched 
between the handles and the relative 
motion of the points of the blades being 
measured by Huggenberger gages. In 


athe. 


TABLE II.—SUMMARY OF SCISSORS a 


GAGE C ALIBRATIONS a 
Magnification Ratio 
Knife Edges Closing Knife Edges Opening 
2.27 2.44 
2.22 2.40 
.18 49 
Average 2.23 2.43 


Calibration uncertainty: 2 per cent 
Scatter of data points: 0.00002 in. at knife edges 
Mechanical take-up: <0.001 in. 


| 
: : 
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_ the ligaments had to be made integral urement by replacing its horizontal ‘ 
with the rotating members by leaving a__ knives with vertical knives with the edges : 
thin wall between two drilled holes, as at the same distance from the ligaments, P 
‘diee in Fig. 7. as shown by the dotted lines in Fig. 7. ; 
Readings from the two Huggenberger All the mechanical gages exhibited lost 1 
gages at opposite sides of the square motion. This was small but significant te 
frames were averaged to obtain the mo- for the precision being sought here be- 
tion at a point directly opposite the cause of the loss of effective gage travel. 
measuring knife edges. By this means, In most cases this mechanical take-up 
any possible error from rotation of the could be largely eliminated before the 
frames about a vertical axis was avoided. test by springing the parts elastically 
The scissors gage had a nominal mul- and then releasing them in such a way > 
os, TABLE III.—ELASTIC BEHAVIOR OF 248-T ALUMINUM ALLOY. 8 
Tangential Strain - 
] Axial Strain at 32,000 psi, Elastic Limit at 32,000 psi, Modulus of Elasticity Poisson’s Ratio * 
Elastic Limit 
‘ Mech- 
Huggenbe Diam- Huggenbe sr-4 | Me 
SR-4 Gages ug SR-4 Gages |eter Gage) SR-4 Gages 
0.00275) 0.00087\*|0.00099| 11.4 x 10° | 10.3 10 | 0.311] 0.319 
0.00290 0.00317 0.00089 a 
Average 0.00282 0.00310 | 0.00088 
11.3 X 10° 0.309| 2 
0.00288 0.00090 c 
Average 0.00284 0.000885 a 
* Bracket indicates a pair of diametrically opposite gages. Difference is a measure of the ec- F 
centricity in the plane of the pair of gages. g 
] ate ratio of two by virtue of its that motion in the desired direction had 
_ own lever ratio, and a nominal factor of already commenced before the test. 
2000 due to the lever system of the T R 
Huggenberger gages. The apparent mag- 
_ nification in calibration experiments was One bar of 24S-T aluminum alloy and . 
somewhat larger than nominal, pre- two bars of annealed OFHC copper were . 
j sumably because of the deflection char- tested. The 24S-T aluminum alloy speci- 
acteristics of the ligaments. A typical men was instrumented with two pairs of t 
calibration curve is shown in Fig. 8, and axial SR-4 gages, two pairs of tangential . 
B Table II summarizes the results of sev- SR-4 gages, a pair of Huggenberger gages r 
eral independent calibrations. The scis- for axial strain, and a dial-indicator-type y 
sors gage was calibrated by measuring diameter gage. The results are shown in c 
_ surface strain in a 3.44-in. gage lengthon Table III and in Figs. 9 and 10. c 
an elastically bent beam 0.247 in. thick, Table III shows that the SR-4 gages t 
and calculating this surface strain from gave 10 per cent smaller elastic strains P 
> curvature, based on are-height measure- than the mechanical gages. This dis- t 
ments, in exactly the same way asin the agreement increased as plastic strain pro- s 
Huggenberger calibrations. The scissors ceeded, reaching as much as 28 per cent r 
: gage was adapted to surface strain meas-__in the case of the tangential strains (Fig. 
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9). According to the mechanical gages, 
the elastic constants of E = 10.3 X 106 
psi and wo = 0.32 agreed closely with 
values reported (10) in the literature (E = 
10.0 to 10.7 K 10° psi and wo = 0.310 
to 0.331). 

Figure 10 shows the relationship be- 


10 


@ 


> 


Elastic Limit 
\ 


Axial Strain by 


Sr-4 Gages, mil per in. 


yt 


7 Axial Strain by 
Huggenberger Gages, mil per in. 


-4 
£8 
=€ Elastic Limit 
| 
Tangential Strain by 
a Diameter Gage, mil per in. 


Fic. 9.—Comparison of Strain Measurements 
by Mechanical and Electrical Gages. 1-in. di- 
ameter 24S-T aluminum alloy bar. 


tween tangential and axial plastic strain. 
According to the mechanical gages, the 
ratio of the two strains is very nearly —3, 
which indicates that the constant volume 
condition, Eqs 7 and 8, does apply. Ac- 
cording to the SR-4 gages, however, 
the ratio of tangential to axial plastic 
strain is much smaller, as was found by 
the author in earlier tests on heat-treated 
steel and by Stang, Greenspan, and New- 
man (10), Fig. 5. 


“TP 


LUBAHN ON CONSTANT VOLUME CONDITION 


1339 


Two tests, using both mechanical and 
SR-4 gages, were made on 1-in. diameter 
bars of OFHC copper. These were rough 
machined in the cold-drawn condition 


—— (Slope}= = 5 ~ 
d€g 2 
£ 
Mechanical 
Average Slope =0.485 Gages 
E-2.4 
c 
5-2.0} 
2 
Average Slope 
a SR-4 Gages 
$1.2} 
o 
“at 
ee 
2 3 4 6 7 8 


E,,Axial Plastic Strain ,mil per in. 


Fic. 10.—Plastic Behavior of 24S-T Alu- 
minum Alloy Bar. 
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: 
>. 
4 
3 o Mechanical Strain Measured by: 
o-Microformer Gage -Test No.2 | 
2F @-Huggenberger Goge-Test No.!| 
9 2 4 6 8 10 12 14 
Axial Strain by Mechanical Gage, mil per in. 
-5 
3 ‘ 
>e 
ot Mechanical Strain Measured by: 
©-Scissors Gage - Test No 2 
e-Dial indicator Type Diometer 
Gage -Test No! 
4 4 4 


Tangential Strain by Mechanical Gage, mil per in 


Fic. 11.—Comparison of Strain Measure- 
ments by Electrical and Mechanical Methods. 
OFHC copper. 
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| TABLE IV.—ELASTIC BEHAVIOR OF ANNEALED OFHC COPPER. 


Strain at Elastic Limit (1800 psi) Elasticity Constants 
Axial Tangential Modulus 
Mechanical Mechanical Mech; | | 
SR-4 Gages SR-4 Gages SR-4 Gages | anical Gages 
Test No. 1—As ANNEALED 
137 X 110 X (17 X 10*)4/16.3 
73 (17.9 em 10 
gage length) hen ‘ey 
~ "Average 105 
116 
Test No. 1—Arrer 40 X PLastic STRAIN 
114 125 40 x 10-6 (21) (17.7)|(0.32)| 
60 79 22 
Average 102 31 
ee (1 cm gage 
length) 
3a (18) (0.34) 
j 33 
Average 99 32 
Test No. 2—As ANNEALED 
99° | | | | 18 | |co.31)| 
Test No. 2—Arrer 10 X Piastic STRAIN 
106, 31 39 18 (0.33)] 0.38 
he 35 (0.36) 
103 35 


6 Calculated using average ae all enial strain measurements. 

» Bracket indicates pair of opposite gages. Difference indicates initial eccentricity. 

© Average of 2 opposite Huggenberger gages as axial gages or used with scissors gage. 

4 Parentheses indicate uncertainty due to very small total effects compared with sensitivity of 
measurements. Lower switching errors (+3 X 10~*) give higher sensitivity on second test. 

¢ Average of all four gages; average for loading and unloading after 10 X 10~* plastic strain. 
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and annealed at 400 C for 2 hr before 
final machining. With copper, the values 
of small plastic strains can be determined 
more accurately than in 24S-T aluminum 
alloy because the elastic strains are much 
smaller. 

In the first test on copper, the speci- 
men was provided with two pairs of 
axial SR-4 gages and two pairs of tangen- 


2000 
Elastic Modulus =16 3 X10®Psi_ 
1800}- f 
1600}- 
1400 Elastic Limit. /800 Psi 
Elastic 
Modulus= 
1200} 157x106 
wd 
800} 
Diameter: | OO0in 
600} Gage Length:!79cm 
Average Magnification of 
Huggenberger Gages - 
Loading: 1925 
Unloading 1895 
200+ Division Size }mm 
0.0001 Strain 
F Approx 


fo) 20 40 60 80 100 120 140 
Sum of Huggenberger Readings — Divisions 


Fic. 12.—First Tensile Test of Annealed 
OFHC Copper. 


tial SR-4 gages; also axial strain was 
measured with the Huggenberger gages 
and transverse strain was measured with 
a dial-indicator-type diameter gage. In 
the second test on copper, the same array 
of SR-4 gages was used; and in addition 
axial strains were measured with the 
microformer-type displacement gage, and 
the Huggenberger gages were used on the 
scissors gage in the measurement of tan- 
gential strain. Figure 11 and Table IV 
show that the mechanical and SR-4 gages 
agree moderately well in the elastic re- 


J 
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gion® and up to about 0.001 or 0.002 
total strain, but then the same type of 
deviation observed earlier sets in. Conse- : 
quently the results of the SR-4 gage 
measurements were considered to apply 
only up to about 0.002 total axial strain 
or 0.001 total tangential strain. 

Figure 15 shows the results of the two 
tests on copper, expressed in a form suit- 
able for comparison with Eq 9. The ratio 
of tangential to axial plastic strain is 
very close to the ideal value of —} in 
both tests, if strain values from me- 
chanical gage measurements are used. 
The ratio is also —} up to the limit 
of reliability of the SR-4 gages (0.002 
axial strain). The ratio is not far from 
—} for larger SR-4 strains, but this 
result is fortuitous: it occurs only be- 
cause the deviations from correct val- 
ues (Fig. 11) are similar for the axial 
and tangential directions, thus produc- 
ing compensating errors. The failure to 
exhibit a plastic strain ratio of —} in 
Fig. 10 was due to the greater deviation 
of the tangential strains than of the ax- 
ial strains in Fig. 9. Noexplanation could 
be found for the varying divergencies 
of the SR-4 gages (particularly tangen- 
tial gages) in the various tests; in the 
copper tests, some of the tangential 
gages were type A-7 and some were type 
A-8, and in both tests these two types 
agreed with each other as closely as 
gages of the same type agreed with each 
other. 

As indicated by Figs. 9 and 11, types 
A-7 and A-8 SR-4 gages were not found 
suitable for judging the validity of Eqs 
7 and 8. It was found, subsequent to this 


®The degree of agreement in the elastic re- 
gion is difficult to ascertain for this material 
because of the very small strain at the elastic 
limit. Only the ultra-high-sensitivity mechanical 
gages yielded reliable elastic slopes (Figs. 12 and 
13); because of switching errors, the SR-4 gages 
exhibited scatter which was often severe in 
comparison to the total elastic effect (Fig. 14). 
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after 40 X 10~ plastic stretching. 


investigation, that similar unreliability 
had been observed earlier by Campbell 
(21). For the A-7 gage (M in Campbell’s 
work), in particular, he found about 5 
per cent error at 0.002 strain and about 
10 per cent error at 0.006 strain. These 
errors are of the same order of magnitude 
as those depicted in Figs. 9'and 11. If, 
on the basis of Figs. 9 and 11 and Camp- 
bell’s work, we disregard the data of 
references (9) and (10) and the SR-4 gage 
data of Figs. 10 and 15, we are left only 
with the data from mechanical gages 
shown in Figs. 5, 10, and 15. These data 
indicate that Eqs 7 and 8 are correct for 
copper and 24S-T aluminum alloy. This 
conclusion should be considered a pre- 


Fic. 13.—Scissors Gage Data for Determining Load-Diameter Curve. Annealed OF HC copper 


Huggenberger gages No. 431 and No. 412 attached at opposite sides of scissors gage frame. 
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Fic. 14.—Typical Load-Strain Curves Using 
SR-4 Gages Showing Scatter and Slope Un- 
certainties. Annealed OFHC copper; 1-in. di- 
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Test No.l Test No2 Slope==Y 
wt Sr-4 Gages = 
Gages trae? fnew a on 
2 -3- heey, 23 S00.) 2 
= 
= 
a 0 | 2 3 5 6 7 8 9 10 ul 
ons Axial Plastic Strain, mil per in. 


al Fic, 15.—Plastic Deformation Behavior of 1-in. Round Annealed OFHC Copper Tension Bars. 


liminary one because the mechanical 
gages involved are not of the ultra-high- 
precision variety, such as the interferom- 
eter or light-beam-lever types (see refer- 
ence (22), for example). However, the 
calibration uncertainties shown in Tables 
I and II and in Figs. 6 and 8 indicate that 
the mechanical gages are accurate to per- 
haps a few per cent, and all the data con- 
form to Eqs. 7 and 8 within the limits of 
a few per cent except for the last empty 
circle in Fig. 5. In other words, the sec- 
ond-order of precision that was obtained 
is probably good enough to show the 


validity of Eqs 7 and 8 for many practical | 


purposes. 
When the specimens were unloaded 


after a plastic tensile strain of only 40 X 
10~-*, the unloading line was straight and 
parallel to the initial elastic line (Fig. 
12), but after a plastic strain of several 
mils per inch or more the unloading line 
was quite curved and a pronounced 
hysteresis loop was observed upon cycling 
the load (Fig. 16). A similar loop in cold- 
stretched stainless steel has been ob- 
served (5), but this hysteresis effect was 
found not to be related to anelastic be- 


6000 


Load ,!b 


3000+ 


2000}- 
Loading 
Axial Strain, microinches per in. 


Fic. 16.—Hysteresis Curve Obtained by 
SR-4 Gage After 1 Per Cent Plastic Stretch- 
ing. Annealed OFHC copper. 1-in. diameter. 


havior. As discussed earlier, when such 
hysteresis occurs the permanent plastic 
strain is different from the offset plastic 
strain and Eqs2 and 8 have to be handled 
as separate cases when considering their 
validity. 


CONCLUSIONS 


1. The constant volume condition de- 
scribes plastic flow behavior correctly if 
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it is applied to the plastic components of 
the principal strains (offset from the 
elastic line), and 

2. SR-4 gages were found to indicate 
strain values significantly lower than 
those from mechanical gages for strains 
exceeding about 0.002. 
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ANALYSIS OF CERTAIN MATHEMATICAL ASSUMPTIONS 


haaehlt UNDERLYING THE DESIGN AND OPERATION OF 
GAMMA-RAY SURFACE DENSITY GAGES* 
By Bryant W. Pocock! AND WALTER E. SOMMERMAN! 


ey Literature on development of the gamma-ray surface density gage discloses 
conflicting reports. Investigators disagreed on best design, best type and , 
strength of source, extent of the field of influence, effect of soil type, ease of a 
al making determinations, sensitivity of the method, and use of reference stand- od 
: ards. A fundamental approach to the entire subject was thus undertaken. As- & 
sumptions were made on theoretical grounds only, related to known inter- * 
actions of gamma radiation with matter. An equation covering gamma-ray ir 

density measurement was developed and subjected to rigorous verification. 
wy 


between density and total linear attenuation coefficient, certain limitations 
on the use of standards, and effect of source strength. Magnitudes of certain 
functions in the equation were measured experimentally, and a predicted 
calibration curve was established. A gage was constructed, based on the as- 
wij sumptions, designed to operate most efficiently within a range of densities 
between 60 and 180 lb per cu ft. A nominally 5-millicurie sealed source of ce- 
sium-137 was used, separated from a TGC 2 counter tube by 6 in. of lead. 
Weight of the gage was 10 lb. The gage was used to measure densities of 
various materials which ranged in bulk density from that of air to that of lead. 
él Similarity of the experimental and predicted calibration curves indicated 
__-validity of the assumptions underlying the fundamental equation. 


¥ Expressions were obtained stating best thickness of lead absorber, relation 


During the past seven years, numerous 
papers have appeared describing the 
development of equipment for measuring 


* The investigations reported comprise one 
phase of the program of research adopted by 
the Isotopes Section of the Michigan State High- 
way Dept. Research Laboratory at Michigan 
State University, in cooperation with the Uni- 
versity of Michigan-Phoenix Memorial Project 
staff in Ann Arbor. A more complete report was 
also submitted by the senior author as a thesis 
for the degree of Master of Sohne, Michigan 
State University. 

1 Chemical Research and Head of 
Isotope Section, and Highway Laboratory Tech- 
nician, respectively, Michigan State Highway 
Department, East Lansing, Mich. 
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densities of soils by means of interactions 
of gamma radiation with matter. The 
instruments reported have been of two 
types: (1) the surface gage, and (2) the 
depth probe. 

Thought-provoking questions have 
been raised by the authors on such con- 
siderations as sensitivity, accuracy, ease 
of operation, dependency on soil type, 
extent of the field of influence, optimum 
strength and energy of radioactive 
source, optimum counter mechanism, 
and use of density standards for daily 
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reference. Far from being settled, these 
questions have advanced to the status 
of prime controversy. 

In spite of these uncertainties, a 
number of such gages are available com- 
mercially, especially of the surface type, 
and certain supply and equipment firms 
are working on improved models. The 
commercial models are expensive and 
have met with varying degrees of ac- 
ceptance. 

A survey of the literature discloses 
that many refinements will be required 
before it can be said that a truly ade- 
quate gamma-ray surface density gage 
has been constructed. One way of ap- 
proaching this problem is to undertake 
a critical evaluation of basic assumptions 
which must be appraised before a satis- 
factory design can be achieved. 


THEORETICAL DEVELOPMENT 
Preliminary Considerations: 


The intensity, A,, of gamma radia- 
“tion penetrating an absorber varies 
closely in accordance with the relation, 


248 
where: 


Ag is the intensity at zero thickness of 
absorber, 

uw is the total attenuation coefficient of 
absorber, and 

x is the thickness of absorber. 


The precision with which a Geiger-Miiller 
tube can measure the term A in Eq 1 
will depend upon the constants or param- 
eters associated with the experiment in 
question. 

Conventional gamma-ray surface den- 
sity gages make use of a lead shield, which 
separates the source from the counter 
tube. This assembly is placed in contact 
with the material, such as soil, to be 
measured, Total radiation received by 
the counter tube is that which is reflected 
by and transmitted through both the 


lead and the substrate. The gage design 
should be capable of efficiently distin- 
guishing minute differences in substrate 
density, yet with minimum weight. 
Usually the density range of interest is 
not large. 

In general, the activity detected 
through the substrate only, for a given 
thickness x of lead between source and 
counter tube, is a function of the density 
of the substrate and of the strength and 
energy of the source. This activity may 
then be given closely by the relation, 


A, = g(D, (2) 


where E is source energy. 
For a given source energy, Eq 2 be- 
comes 
A, = g(D)A (3) 


where: 

A, is the activity through the substrate 
only, of density D, at thickness of lead 
absorber, «x, 

g(D) is the coefficient of reflection of 
the substrate, always positive, 

fi(D) is the log scattering ratio of the 
substrate, always positive, 

f(D) is the negative total attenuation 
coefficient of the substrate, and 

A is the activity through the lead only 
at zero thickness of lead (a function 
of source strength). 


The total intensity, A;, received by 
the counter tube then will be the sum of 
that through the substrate and that 
through the lead, or, 


A, = g(D) 4 | (4) 


It is desirable to compare the activities 
scattered by and transmitted through 
substrates of two different densities, 
D = D, and D = D., where D; < Dz. 
Experimental evidence shows that when 
D, < De, Au > Age within the limits 
of this discussion. Exceptions to the 
general statement will appear subse- 
quently. 
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For D => dD, At ) \ 
where: oll be 


g = g(D:, £), 
fu = E), and 


ge € 
ol 


Ju f(D: , E). tats iedite 

go = g(Dz, E), 
fie = fi(D2, E), and 


= E). 
Attainment of Maximum Efficiency: 


In order that a surface density gage 
operate with maximum efficiency within 
the range of densities between D, and 
D:, inclusive, it is necessary to maxi- 
mize the extent of AA, within this den- 
sity range. A suitable parameter for this 
purpose consists of the independent 
variable, x 


» 


AA, = Au An = mA Sing! 


— £2 A 
Differentiating, and solving for x 


(7) 


Equation 7 gives the value x of that 
thickness of lead which will provide 
maximum AA, within any given range 
of substrate densities. It is a most use- 
ful relation. It will be referred to hence- 
forth as 


Relationship of the Substrate Allenuation 
Coefficients: 


It is also instructive to develop the 
relation between the activities, A, and 
Aj, and the total linear attenuation 
coefficients of the two substrate ma- 
terials concerned at the value of x, 
= Xopt - 


Ana 
only, due cogs 


eit tet 


Bepotion 8 states that when the thick- 
ness, x, of absorber separating the source 
from the counter is so chosen that the 
difference between the activity through 
a substrate only, of density D = D,, 
and that through a substrate only, of 
density D = Dz, is at a maximum (x% = 
Nopt), the ratio of the activities through 
the substrates is equal to the reciprocal 
of the ratio of the total linear attenua- 
tion coefficients of the two substrate 
materials. It is significant that this re- 
lation holds true only for x = Zope . 

It can be seen from Eq 8 that the ratio 
of activities through any two substrates 
of different densities is a constant with 
respect to source strength at x = opt, 


although the value of 2); will vary ac- 


cording to Eq 7. Equation 7 contains an 
A term, thus causing %opt to be partially 
dependent upon source strength. 

Use of the Count Rate Meter —It is of 
interest that such a ratio of two different 
activities through substrate materials 
of different densities can be measured 
most efficiently with a count rate meter 
possessing a linear scale only when the 
latter is adjusted to read the greater 
activity at the upper limit of its scale. 
Comparisons between activities at other 
scale settings diminish in precision as 
the highest reading falls below the upper 
scale limit. These considerations, in ad- 
dition to generally low order of precision 
of rate meters and difficulty of applying 
statistical treatments to the data de- 
rived, quite definitely indicate the su- 
periority of scaling equipment when 
small differences in density must be de- 
termined. 
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The “Count-in-Soil to Count-in-Stand- 
ard” Ratio: 


The U. S. Army Corps of Engineers, 
in its Field Tests of Nuclear Instru- 
ments for the Measurement of Soil and 
Density (6),? reports that a “count-in- 
soil to count-in-standard ratio is used to 
eliminate variations in count that may 
be caused by changes in... source 
strength.” The Cornell group (1) and (2) 
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these changes could be eliminated by the 
use of a standard, as suggested, this 
might well avoid the necessity for making 
periodic calibrations of equipment. 
Equations 5 and 6 may be employed 
to yield activities through an unknown 
substrate, A, , and through a standard 
substrate, A,o. Use of the ratio An 
4492 


leads to Eq 8, as shown, provided x = 


also reported results based on the ratio 
of activity through an unknown sub- 
strate to activity through a standard 
substrate. Both groups used cobalt-60 
as a source of gamma radiation. 

It is important to examine the validity 
of the use of a “count-in-soil to count-in- 
standard” ratio. Changes in source 
strength are due to the effect of half-life 
only, although changes in observed 
count rate may be a result also of back- 
ground changes. If the effects of all 

2The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1357. 


woven 
DW 
Mig 
® 
wa opt, * opt, 
tir Fic. 1.—Effect of Lead Thickness on Activity Through the Substrate. 


Xopt - At other values of the term x, use 
of the ratio results in the following equa- 
tion: 


Aw £2 


Since the value of A will change with 
time as a function of the half-life of the 
source used, 


where A is the decay constant of the 
source. 
Upon substitution in Eq 9 of the ex- 


= 
© 


we 
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pression for Aj obtained from Eq 10, 


the ratio becomes, 
Au 
“2 sd? 


Although the value of the term ¢ in 
Eq 11 is without effect where Da = Dye 
(because Ay, = A, under these condi- 
tions), ¢ has a significant effect where 
Dy # Dy. This leads to the conclusion 


that, whereas use of the ratio —" for 
82 


the purpose of lessening the effect on the 
calibration curve of reduction of source 
strength with time may be justifiable on 
theoretical grounds, its use will not elimi- 
nate the necessity for recalibrations but 
merely delay this. 


Effect of Lead Thickness: 


From the above equations, it is pos- 
sible to plot In A, versus x, as in Fig. 1, 
which shows activity through the sub- 
strate only as a function of the thickness 
of absorber separating the source from 
the counter tube. Curves 1 and 1(a) 
are for the minimum substrate density 
within the range of interest, and curves 
2 and 2(a) are for the maximum substrate 
density within that range. Curves 1 and 
2 are for a source (1) producing an ac- 
tivity A,;, and curves 1(a@) and 2(a@) are 
for a source (2) producing an activity A2. 

The antilog length V, gives the great- 
est absolute difference between curves 1 
and 2, hence maximum AA, for these 
curves, and its x-ordinate states the 
optimum absorber thickness for the 
given range of densities using source (1). 
Similarly, the antilog length of V2 gives 
the greatest absolute difference between 
curves 1(a) and 2(a), hence Maximum 
AA, for these curves, and its x-ordinate 
states the optimum absorber thickness 
for the same range of densities using 


source (2). Sources (1) and (2) vary in 
strength only. 

Curve 3 has the property that Aj = 
A, . All curves of the type 1, 1(a), etc., 
intersect with corresponding curves of 
the type 2, 2(a), etc., along curve 3. 
Curve 4 contains all values of Aj for 
which A is maximum and D is minimum 
within the given range of substrate 
densities, x being equal to %opt. Curve 
5 contains all values of A,2 for which A 
is minimum and D is maximum within 
the given range of substrate densities, 


anit. 


a 
wily 
| Axopt 7 
in desired A, f 
fn indicated A in A 


Fic. 2.—Relation Between Total Count Rate 

and Rate Through Lead at Zero Thickness of 
Lead. 
x being equal to %op_ . The equations for 
curves 1 and 2 are Eqs 5 and 6, respec- 
tively, which are also valid for curves 
1(a) and 2(a), etc. 

Since in the case of curve 3, Ay = Ago, 
the equation for curve 3 is either 


&2 

e E + fu 

12) 
Ag = g ‘) 

£1 

(13) 
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_ The equation for curve 4 is 


Sy! fi} 
Au = (2) Bit © 
fez — fur 
e exp {[ + fu 


..(14) 


and that for curve 5 is 


frags 
Ag =) 


e exp + fir 


Determination of Source Strength: 


..(15) 


To obtain the maximum counting 
rate with available equipment, it is 
necessary to consider the rate through 
the lead absorber and the rate through 
the substrate material. The rate through 
the lead is established by the term, 


Ac 


where y is the total attenuation coeffi- 
,cient of lead and x is the thickness of 
lead. The rate through a substrate ma- 
terial of density D = Dyin in the range 
of interest (so that A, is maximum within 
this range) is given by the term, 

in which «x is that thickness of lead ab- 
sorber, = Which will provide 
maximum AA, within the density range. 


The total count rate, A;, is given by 
the relation, 


2 2 2 2 
A,=( A 
(ee 


A; 


A,= 


where = Xopt. 


It is seen that Eq 16 is the equation of 
a curve 6, which is the sum of two sepa- 
rate curves, 7 and 8. These curves can 
be plotted on logarithmic coordinate 
paper, as shown in Fig. 2. In the case of 
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curves 7 and 8, the coefficient gives the 
intersection with the In A;-axis at A = 1, 
and the exponent gives the slope. 

Once a value of A, has been selected as 
convenient for the equipment to be used, 
the value of A for this value of A, at 
X = opt can be read from the graph. 
To determine the indicated source 
strength to be used, this value of 4A 
should be divided by the efficiency of 
the detection unit in the geometry under 
consideration, It should be emphasized 


TABLE I.—SUBSTRATE MATERIALS 
USED IN EXPERIMENT 1. 


Bulk Density, 


Material lb per cu ft 


that the value of uw in Eq 16 has been 
modified by varying the source-counter 
distance, and must be determined by 
experiment. 
EXPERIMENTAL DEVELOPMENT 
Equipment and Procedure: mf) 
A series of laboratory experiments was 
designed to evaluate the optimum thick- 
ness of lead absorber, x»: ; the magni- 
tude of the functions, fu, fa, fiz, and 
fez ; and the amount of the activity A. 
A 5-millicurie sealed cesium-137 source 
was purchased, to be used in conjunction 


Sugi 


with a TGC 2 GM counter tube. It was 
decided to evaluate xp: within the range 
of substrate densities between 60 and 180 
lb per cu ft, inclusive. 

A number of 3 by 9 by §-in. lead plates 
were prepared for use as separators be- 


- 
>= 
| 
| 
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Activity, counts per sec 
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Thickness of Leod, in 


‘Fac. 3.—Laboratory Count Rate on Concrete Substrate versus Thickness of Lead. we 


tween the source and the counter tube. 
The assembly was mounted in such a 
manner that the numberof lead plates, 
standing upright on their long edges be- 
tween the source and the counter, could 
be varied. 


Rather than keep the source-to- 
74 


counter distance constant for all numbers 
of lead absorber plates, this distance was 
allowed to change with the total lead 
thickness. In this way, for each thickness 
of lead, the typical geometry of a gamma- 
ray surface density gage containing that 


thickness of lead absorber was approxi- 
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mated. Provision was made for packing 
the sandwich of lead plates together as 
tightly as possible without introducing 
extraneous reflecting materials. 

Samples of substrate materials of dif- 
ferent bulk densities were provided, con- 
tained in wood boxes possessing more 
than infinite volume for the field of in- 
fluence employed, upon which the as- 
sembly could be placed for obtaining 
count rates at various thicknesses of 
lead absorber. Background activites were 
subtracted from gross activites in all 
cases. Total counts ranged from NV = 
16,000 to V = 256,000, depending upon 
the count rate. Substrate materials 
used included those shown in Table I. 


TABLE II.—VALUES OF f, AND f2 FOR 


SUBSTRATE MATERIALS LISTED IN 
TABLE I. 


Material 


Analysis of Results: 


For each determination, net activity 
in counts per second was plotted on semi- 
logarithmic coordinate paper against 
total thickness of lead absorber in inches, 
as shown in Fig. 3 for a concrete sub- 
strate. That portion of the curve 9 
which is a straight line (above approxi- 
mately 23 in. of lead) was interpreted 
as the curve of A, including negligible 
quantities of A, . The difference between 
its extrapolation and the balance of the 
curve below approximately 2} in. of 
lead (curve 10) was interpreted to be 
the curve of A, only. 

The intersection of curve 10 with the 
In A-axis gives the magnitude of A for 
the substrate used. This value was 
found to be 79,000 counts per sec in 
the case of all substrate materials listed 
in Table I. 


The intersection of curve 9 extrapo- 
| 


lated to the In A-axis gives the magni- 
tude of A, at x = 0 (activity through 
the substrate only at zero thickness of 
lead) for the substrate used. The value 
of A, at x = 0 varied with the substrate 
material, being 790 counts per sec in 
the case of concrete, 568 in the case of 
sand, 410 in the case of clay, and 198 
in the case of wood. 

The fact that curve 9 has a straight- 
line portion above x equal to approxi- 
mately 2} in. of lead when plotted on 
semilogarithmic coordinate paper effec- 
tively precludes the possibility of Eq 2 
having an x-term in its first term, either 
as a coefficient of or as an exponent of /. 

Equation of Curve 9.—For the purpose 
of developing the equation of curve 9, 
Eq 3 can be written, 


which is the equation of curve 9. 

When «x = 0, the intersection of curve 
9 with the In A-axis may be determined 
by the relation, 

InA,=InA”........... (18) 

The slope of curve 9 is given by the 
term fo 

The Magnitude of the f Functions — 
It can be seen from Eq 18 that at « = 0, 


Therefore, in the case of concrete sub- 
strate, 
In 790 


fi = 779,000 


= 0.5916...... . (20) 
and the value of f: may be determined 
between any two points, as, for example, 
x = 6and x = 8.7. Then, 

_ 2.30259 — 3.66356 _ 


he = = —0.5040 . . (21) 


Similarly, curves corresponding to 
curve 9 for a concrete substrate may be 
plotted from data derived from use of 
the other substrate materials listed in 
Table I. The values of the functions 


om Se 


4 
| 
’ 
: 


fi and fz calculated from these data in a 
manner similar to that outlined in Eqs 
20 and 21 are given in Table IT. 

A Predicted Calibration Curve-—The 
values of the functions f; and f2 shown 
in Table IL were plotted on logarithmic 
coordinate paper against the bulk 
densities of the substrate materials, as 
shown in Fig. 4. The values of f, and fe 
for wood fall slightly below their cor- 
responding curves, which may be attrib- 
uted to the probability that the volume 
of the wood sample used was insuffi- 
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values of fi2 and fo: at D = 180 lb per 
cu ft, taken from the f; and f2 curves of 
Fig. 4, it was found from Eq 7 that the 
magnitude of op: was 6.348 in. using 
the 5-millicurie source of cesium-137. 
However, an accurate plot of Fig. 1 
showed that the magnitude of AA, at 
x = 6.000 in. was 17.0 counts per sec, 
compared with a magnitude of 17.1 
counts per sec at x = 6.348 in. This differ- 
ence in magnitude of AA, , therefore, was 
only 0.58 per cent of its magnitude at 
x = Xopt. By accepting a value of 6.000 
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Fic. 4.—f Functions versus Substrate Density. 


ciently infinite for the geometry em- 
ployed. 

The curves for fi; and f2 in Fig. 4 
were used to obtain values for these 
functions at other densities to establish 
a quasi-theoretical calibration curve for 
an instrument designed on the basis of 
the above data. This predicted calibra- 
tion curve is shown in Fig. 5. 


DEVELOPMENT OF A GAMMA-RAY 
SuRFACE DEnsITy GAGE BASED 
ON THE FOREGOING DATA 


Construction of the Gage: 


After substitution of the values of fu 
and fx, at D = 60 lb per cu ft and of the 


in. for opt , it was found that a saving of 
5.482 per cent could be realized in the 
weight of the lead absorber. 
Accordingly, a gage was designed on 
the basis that x»: = 6.0 in., as illustrated 
in Fig. 6 using the 5-millicurie sealed 
cesium-137 source of gamma radiation. 
Housing for the assembly was con- 
structed of 28-gage monel metal arranged 
in the shape of a box with a sliding, re- 
movable cover. Total weight of the gage 
was 10 lb. 


Laboratory and Field Applications: 


Count rates obtained with the instru- 
ment were plotted against bulk densities 
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for a number of materials. Substrates ventional density determinations and 
employed included air, wood shavings, for laboratory analyses. Occasionally, the 
wood boards, paper, concrete, steel, and soil was tamped, and both types of 
lead, and various soils under several density determination were repeated to 
degrees of compaction. The soils in- evaluate the effect of tamping on soil 
cluded laboratory and field samples. In compaction. It was found that tamping 
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the laboratory, they were contained in increased the density of soil No. 21 by 
wood boxes measuring 20 by 24 in. approximately 16 lb per cu ft. 
These were filled to a depth of approxi- Conventional density determinations 
mately 6 in. and struck off flush with made at the site were based on volume- 
the tops. Control densities were deter- weight relationships taken immediately, 
mined by volume and weight measure- by use of a portable balance and the so- 
ments on a wet basis. called “can” technique. Both tops and 
Field gage measurements were made bottoms were removed from 12-0z No. 1 
with the soil in situ. After gage measure- cans, and one end of each can was 
ments had been completed, samples ground sharp. It was found possible to 
were taken at the same sites for con- insert the can into the soil with minimum 
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Fic. 7.—Experimental Calibration Cc urve. 
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disturbance to a depth of 4 in. (the depth 
of the field of influence of the density 
gage in soil) and to extract a sample of 
sufficient size for independent determina- 
tions. By striking the soil off at the 
bottom of the can with a sharp knife, a 
right cylinder could be produced, the 
height of which could easily be deter- 
mined. The volumes of less cohesive 
soils were measured by filling the cavity 
with uniformly graded Ottawa sand. 

Figure 7 shows the calibration curve 
for the density gage based upon experi- 
mental determinations in the laboratory 
and in the field. This curve agrees fairly 
well with the theoretical calibration 
curve shown in Fig. 5. The similarity 
between the two curves is an indication 
of the degree of validity of the basic 
assumptions contained in Eq 2. 

Experimental evidence indicated, as 
noted above, that the depth of the field 
of influence in soils was about 4 in. In 
concrete, the depth was 33 in., and in 
air it was about 12 in. A procedure 
adopted for plotting points on the ex- 
perimental calibration curve consisted 
of referring all count rates to a selected 
count rate with the gage suspended in 
air. The selected rate in air included the 
background rate at the time it was 
determined. As subsequent determina- 
tions in air fell above or below the 
selected rate, due to variations in back- 
ground activity, all other rates on sub- 
strates determined at approximately the 
same time were raised or lowered ac- 
cordingly. 
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CONCLUSIONS 


On the basis of the experimental 
evidence cited, the following conclusions 
appear justified: 

1. Assistance in designing a satis- 
factory gamma-ray surface density gage 
can be obtained by the assumption that 
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2. The best thickness of lead absorber 
separating the source and Geiger-Miiller 
counter tube of such a gage is given by 
the relation, 

In 

fu — foe 

For a gage employing 5 millicuries of 
cesium-137 and a TGC 2 Geiger-Miiller 
counter tube, the value of xop: is 6.4 in. 
when the gage is intended to operate at 
maximum efficiency within a range of 
densities between 60 and 180 lb per cu ft. 

3. The ratio of activities through any 
two substrates of different densities, 
when optimum thickness of lead absorber 
is used, is equal to the reciprocal of the 
ratio of the total linear attenuation 
coefficients of the two substrate mate- 
rials. This relation holds true at no 
other thickness of lead. 

4. Use of a “count-in-soil to count-in- 
standard” ratio will not eliminate the 
necessity of subtracting background 
count rates nor the need for periodic 
recalibrations of a gamma-ray surface 
density gage; it will merely serve to 
reduce the required frequency of re- 
calibration. Use of such a ratio is not 
justified with long-lived sources of 
gamma radiation. Its use with short- 
lived and medium-lived isotopes is of 
questionable value. 

5. The indicated source strength to be 
employed can be determined by dividing 
the value of A by the efficiency of the 
detection unit in the geometry to be 
used. The required value of A can be 
read directly from a plot of A; versus A 
(Fig. 2), where the value of Atot repre- 
sents the desired maximum total count 
rate for the instrument. 

6. Rate meters employing linear scales 
can be used with maximum efficiency 
in conjunction with gamma-ray surface 
density gages only if adjusted so that, 
when comparing the densities of two 
materials, the greater activity is read 
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at the upper scale limit. The superiority 
of scaling equipment over count rate 
meters for use with density gages ap- 
pears to be indicated. 


7. 


| 


The need for a commercially avail- 


able, portable, battery-operated scaler 
of modest cost and of rugged, though 
light, design is definitely indicated. 
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va | SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
RADIATION EFFECTS ON MATERIALS, VOL. 3 


This Symposium on Radiation Effects on Materials is the third and last 

1 of a series which has been sponsored jointly by ASTM and the Atomic 

tts Industrial Forum. The papers presented only new information in the field, 
jn contrast to the first and second symposiums which included both de- 

thr classified and new data. Major items of current interest were presented, 

* divided into the following categories: (1) dosimetry techniques; (2) irradia- 

iy tion facilities and techniques; and (3) studies of irradiation effects. 

; rr The papers in this symposium were presented at the eleventh and thir- 

: teenth sessions, June 24, 1958, of the Sixty-first Annual Meeting of the 

Mw Society, Boston, Mass. The symposium was developed under the joint aus- 

at pices of the Subcommittee on Radiation Effects of the Atomic Industrial 

iis Forum and ASTM Committee E-10 on Radioisotopes and Radiation Effects. 

y Messrs. J. H. Kittel, Argonne National Laboratory, Lemont, IIl., and 

4 A. N. Tschaeche, Reynolds Electric Co., Las Vegas, Nev., acted as Sym- 

_  posium Co-Chairmen, and both presided over the morning session. The 
afternoon session was presided over by Mr. Kittel and Mr. C. R. Sutton, 

The International Nickel Co., Inc., New York, N.Y. 
The papers presented were: 


_ Introduction—A. N. Tschaeche and J. H. Kittel 


--- Dosimetry Techniques for Gamma and Reactor Radiation Fields—Paul Schall 
and J. F. Kircher 


P — Irradiation Facilities and Techniques 
--_Trradiation Facilities in NRU—G. C. Laurence 
= al The Engineering Test Reactor as an Irradiation Facility—R. L. Doan 
a 


An Integrated Facility for Study of Effects of Nuclear Radiation on Materials— 
John L. Colp and A. William Snyder ier 
“tied An In-Pile Fatigue Testing Apparatus—E. E. Drucker 
Studies on Radiation Effects 
Reactor Pressure Vessel Design for Nuclear Applications—N. Balai, ‘T. L. Ket- 
tles, and R. E. Bailey. 
Effects of Irradiation on the Type 347 Stainless Steel Flow Separator in the 
EBR-I Core_R. E. Bailey and M. A. Silliman 
Radiation Damage Effects on Reactor Control Materials—W. E. Ray, W. K. 
"ude Anderson, and D. N. Dunning 
Radiation Behavior of Fuel Materials for Sodium Graphite Reactors—B. R. 
Hayward, L. E. Wilkinson, and C. C. Woolsey 
__ Trradiation of Uranium-Fissium Alloys and Related Compositions—Karl F. 
Effects of Nuclear Radiation on Natural Quartz Piezoelectric Crystals: Prelimi- 
_ nary Investigation—F. E. Graham and A. F. Donovan 
Effects of High Neutron and Gamma Fluxes on ‘Transmission Characteristics 
Seg of Some Optical Glasses—John L. Colp and H. N. Woodall 


ap my. 


These papers with discussion have been issued as ASTM Special Tech- 
nical Publication No. 233 entitled “Symposium on Radiation Effects on 
Materials—Volume 3.” 
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_ OF PROCEEDINGS OF THE SYMPOSIUM 
ON MATERIALS RESEARCH FRONTIERS 


Tailoring materials to fit specific needs was the keynote of the Symposium 
on Materials Research Frontiers. Molecular engineering and physical met- 
_allurgy were among the means to this end discussed in the papers presented. 
_ The papers in this symposium were presented at the twenty-first and 
twenty-fourth sessions of the Sixty-first Annual Meeting of the Society in 
Boston, Mass., June 25, 1958. The symposium was developed under the 
joint auspices of the ASTM Administrative Committee on Research and 
the New England District Council Committee. 

Mr. Walter J. Smith, of Arthur D. Little, Inc., and Mr. Miles N. Clair, 

of The Thompson & Lichtner Co., Inc., acted as Symposium Chairmen. 

_ Mr. R. T. Kropf, Belding Heminway Co., Inc., and Mr. Walter J. Smith 

_ presided over the morning session. Mr. K. B. Woods, School of Civil En- 

_ gineering, Purdue University, and Mr. A. G. H. Dietz, Massachusetts In- 
= stitute of Technology, presided over the afternoon session. — 


fe 
The papers presented were: 


i 


Tailoring the Properties of Materials—E. P. Stevenson SH avirpibea 


Molecular Engineering—Arthur von Hippel hid 
Instruments in Materials Research—Bruce H. Billings 
Materials in the Nuclear Age—John J. Antal eA wil Anvdend 
Recent Advances in Polymer Research—Herman Mark Wea AGA 
Modern Liquid Fuels—Arthur L. Lyman 
New Advances in Physical Metallurgy—W. R. Hibbard 


Recent Developments in Glass Research—W. W. Shaver ~ 
so 


The papers in this symposium, with the exception of the papers by Her- 
man Mark and Bruce H. Billings have been issued as ASTM Special Tech- 
nical Publication No. 243 entitled “Symposium on Materials Research Fron- 
tiers.” An abstract only of the paper by Arthur von Hippel is included in 
the symposium volume. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON RADIOACTIVITY IN INDUSTRIAL WATER 
AND INDUSTRIAL WASTE WATER niet 


In this Symposium on Radioactivity in Industrial Water and Industrial F 
Waste Water problems in the reactor plant proper are discussed, the asso- ; 
ciated waste water processing and control methods described, and methods | 
of analysis for radionuclides in industrial water and industrial waste water 
presented, including radiation hazards. The effect of nuclear operations on 
the environment and analysis of samples pertaining thereto are included. 

» The papers in this symposium were presented June 26, 1958, at the thirty- : 

eighth session of the Sixty-first Annual Meeting of the Society, Boston, — 
Mass. The symposium was sponsored by ASTM Committee D-19 on In-— 
dustrial Water. Mr. A. R. Belyea, Consolidated Edison Co. of New York, 
Inc., acted as symposium chairman and presided over the session, 

The papers presented were: rea 


Introduction—A. R. Belyea 
Radioactivity and Purity Control of APPR Primary Water—A. Louis Medin 
Radioactive Waste Processing Control, Shippingport Atomic Power Station— — 

S. F. Whirl and J. A. Tash 
Test Methods for Radioactivity Hazards in Industrial Waters—C Naouaeng 
Analysis for Radionuclides in Aqueous Wastes from an “Atomic” — 

Kahn, D. W. Moeller, T. H. Handley, and S. A. Reynolds 
Analysis of Environmental Samples for Radionuclides—D. L. Reid 


Summation—J. M. Seamon 


These papers with discussion have been issued as ASTM Special Tech- — 
nical Publication No. 235 entitled “Symposium on Radioactivity in Indus- 
trial Water and Industrial Waste Water.” The published volume includes 
a paper not presented at Boston: “Analysis of Radioactivity in Surface 
Waters—Practical Laboratory Methods,” by L. R. Setter, G. R. Hagee, 
and C, P. Straub, which was first published in the ASTM BuLtetin, No. | 


224, Jan., 1958, 35 (TP 1). > = 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
SOME APPROACHES TO DURABILITY IN STRUCTURES 


With the advent of curtain wall construction the subject of durability 
in structures has become more important than before when resistance to 
_ weathering of the exposed sections of buildings was considered a major item 
in construction and maintenance. The fact that there is no single approach 
to achieving durability is ably brought out in the papers presented in this 
_ Symposium. This Symposium was sponsored by Subcommittee II on Dura- 
bility of ASTM Committee E-6 on Methods of Testing Building Construc- 
tions. 

The papers and discussions in this Symposium were presented at the Third 
Session of the Sixty-first Annual Meeting of the Society, held in Boston, 
Mass., June 23, 1958, Mr. E. C. Shuman, Owens-Corning Fiberglas Corpora- 
tion, Toledo, Ohio, chairman of the Symposium Committee presiding over 
the session. 

The papers included in the Symposium are: 


Introduction—E. C. Shuman 

Some Factors Affecting Durability of Structural Clay Product Masonry—P. V. 
Johnson and H. C. Plummer 

Laboratory Testing and the Durability of Concrete—T. B. Kennedy 

Durability Tests of Structural Sandwich—E. W. Kuenzi and L. W. Wood 

The Durability of Buildings—-R. F. Legget and N. B. Hutcheon 

Effect of the Atmosphere on Masonry and Related Materials—J. W. McBurney 

Relation Between Actual and Artificial Weathering of Organic Material—F. W. 
Reinhart 

Closing Comments—E. C. Shuman 


These papers with discussion were issued as ASTM Special Technical 


Publication No. 236 entitled “Symposium on Some Approaches to Dura- 
_ bility in Structures.” 


sey 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
BULK SAMPLING 
9 

This Symposium was sponsored by ASTM Committee E-11 on Quality 
Control of Materials. Its purpose is to provide a further understanding of — 
sampling for those in charge and responsible for preparing procedures for | 
sampling. 

The papers and aiscussion in this Symposium were presented at the F ifth 
Session of the Sixty-first Annual Meeting of the Society, held in Boston. 
Mass., June 23, 1958. Mr. B. H. Lloyd, Price Waterhouse and Co., acted 4 
Symposium Chairman and presided over the evening session, and Mr. Simon 
Collier, Johns-Manville Corp., presided over the afternoon session, = 

The papers included in the Symposium are: ry 


the Sampling of Fertilizer—Acheson J. Duncan 
An Interpretation of the Enos Coal Sampling Data as an Example of Bulk 
Sampling—B. A. Landry 
The Effect of Increment Weight on Sampling Accuracy—W. M. Bertholf 
The Purposes of Sampling—W. E. Deming 
Studies in Ore Car and Abrasive Grain Sampling Variation—R. S. 


Measurement Error Considerations in Bulk Sampling with Special Reference : 


Jr., J. L. Gioele, and V. B. Shelburne 


These papers with discussion, with the exception of the paper by W. E. 
Deming, were issued as ASTM Special Technical Publication No. 242, 


entitled “Symposium on Bulk Sampling. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON | 
PAPER AND PAPER PRODUCTS 


DEVELOPMENTS ACCOMPANYING REQUIREMENTS 
For New Testinc METHODS 


ay D-6 on Paper and Paper Products recently recognized that 
_ the well-established test methods of the paper industry would need to be 
critically reviewed in order to keep pace with the increased use of synthetic 
; _ resin binders and fibers, new surface finishes, and new methods of paper 
' manufacture. As a result the committee decided to sponsor a broad scope 
symposium on new developments in the industry in order to stimulate 
greater interest in the problems of revising the existing standard methods 

for paper testing. 
The symposium was presented at the thirty-fourth and thirty-sixth ses- 
sions of the Sixty-first Annual Meeting of the Society held on June 26, 1958, 
in Boston, Mass. H. A. Birdsall, Bell Telephone Laboratories, Inc., acted 
as Symposium chairman and he and F. F. Newkirk, American Sisalcraft 
Corp., presided over the two sessions. 


The papers included in the Symposium are: 


Introduction—H. A. Birdsall well 

Some Historical Developments in Paper Testing—W. R. Willets and F. R. Mar- 
chetti 

Testing of Synthetic Fiber Papers—F. H. Koontz and J. K. Owens 

Nonwoven Fabrics and Synthetic Fiber Papers: Technology and End Uses— 
J. T. Taylor and P. J. McLaughlin 

New Developments in the Internal Bonding of Paper—K. W. Britt 

A New Cotton Paper Furnish—Properties, Applications, Identification—J. A. 
Harpham 

Clupak Paper—A New Type of High Stretch Paper—Its Manufacture and Per- 
formance—R. J. Diaz 

Relative Humidity Measurements in Package Materials Testing—B. H. Schrier 
and P. K. Wolper 


These papers with discussion were issued as ASTM Special Technical 

Publication No. 241, entitled “Symposium on Paper and Paper Products— 

New Developments with Accompanying Requirements for New Testing 
Methods.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
STABILITY OF DISTILLATE FUEL OILS 


This Symposium on Stability of Distillate Fuel Oils sponsored by Tech- 
nical Committee E on Burner Fuel Oils of ASTM Committee D-2 on Pe- — 
troleum Products and Lubricants reviews the present situation with regard 
to stability and its effect on performance of home-heating fuel oils. 

The papers in this Symposium were presented at a committee-sponsored — 
session during the Sixty-first Annual Meeting of the Society, held in Boston, 
Mass., June 25, 1958. Mr. W. deB. Bertolette, E. I. du Pont de Nemours 
and Co., Inc., was Symposium Chairman. 

All the papers presented, except G. T. Kaufman’s paper, “Burning To- 
day’s Oil,” are included in the publication: 


Trials and Tribulations of Large Development Oil Heating—N. M. Edmands 

Predictive Type Tests for Storage Stability and Compatibility of Diesel Fuels— 
R. T. Jones and J. W. MacDonald 

Requirements for Dependable Performance of Domestic Oil Burner Nozzles— 
E. O. Olson 

Do We Need a Stability Specification for No. 2 Heating Oil?—Robert Gray 

A Review of the Distillate Fuel Stability Problem—E. A. Elmquist 7 

How Distillate Fuel Stability Is Measured and Controlled—W. L. Clinkenbeard 

Distillate Fuel Incompatibility—C. C. Ward and F. C. Schwartz ; 

Distillate Fuel Oil Gel—F. R. Dunn, Jr. and R. W. Sauer 


These papers were issued as ASTM Special Technical Ca No. 244 : 


entitled “Symposium on Stability of Distillate Fuel Oils.” uv. 
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the automotive industry, has been vitally interested in the ozone resistance 
of rubber parts both before and after the automobile moves into the cus- 
- tomer’s hands. Today, we do not have the complete answer to the problem, 
_ but the papers presented in this Symposium indicate a good rate of progress 
_ during the past few years. 
The papers and discussion in this Symposium were presented at a two- 
session meeting, February 10, 1958, during the Society’s Committee Week 
in St. Louis, Mo., G. C. Maassen, R. T. Vanderbilt Co., Inc., Chairman of 
“the Symposium, presiding over the sessions. 2 all 
_ The papers included in the Symposium are: alt leah, sertetaiz 


Rubber and Its Environment—A. J. Haagen-Smit 
A Study of the Action of Ozone with Polybutadiene Rubbers—E. R. Erickson, 
R. A. Berntsen, E. L. Hill, and Paul Kusy J achei.t 
The Reaction of Ozone with Rubber—Harold Tucker J 
Ozone Resistance of Elastomeric Vulcanizates—Z. T. Ossefort soit 
Chemical Antiozonants and Factors Affecting Their Utility—-W illiam . Cox 
Prevention of Ozone Attack on Rubber by Use of Waxes—S. W. Ferris, 5. S. 
Kurtz, Jr., and J. J. Sweely 
Comparison of Accelerated and Natural Tests for Ozone Resistance of Elasto- 
mers—G. N. Vacca 
Quantitative Measurement of Rate of Ozone Cracking—A. G. Veith 
f Report on Interlaboratory Ozone Test Program of ASTM Committee D-11, 
Subcommittee XV, 1957—A. G. Veith 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON EFFECT OF OZONE ON RUBBER 
This Symposium on Effect of Ozone on Rubber was sponsored by Com- 
ean D-11 on Rubber and Rubber-Like Materials. One large user group, 


_ These papers with discussion were issued as ASTM Special Technical Pub- 
_ lication No. 229 entitled “Symposium on Effect of Ozone on Rubber.” 
ne 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON INSTRUMENTATION IN ATMOSPHERIC 
ANALYSIS 


_ This Symposium on Instrumentation in Atmospheric Analysis was spon- 
sored by Subcommittee III on Instrumentation of ASTM Committee D-22 
on Methods of Atmospheric Sampling and Analysis. Instruments offer spe- 
cial advantages in atmospheric analysis because they can be constructed to 
operate unattended for various periods and can provide a chart of concen- 
tration of pollutant over a period of time. For this reason and others, there 
. has been continuing effort in Committee D-22 in developing standards for 
proven types of instrument. This Symposium provides useful information 
on performance and utility of several types of instrument for air analysis. 
The papers in this Symposium were presented at a special session of the 
Sixty-first Annual Meeting of the Society held in Boston, Mass., June 23, 
1958. M. D. Thomas, Stanford Research Institute, acted as chairman pre- 
siding over the session. 
i” The papers included in the Symposium are: 


Light Scattering Instrumentation for Particle Size Distribution Measurements 
; —Chester T. O’Konski, M. D. Briton and W. I. Higuchi 

- Filtration Methods for Evaluation of Aerosol Contaminants—Morris Katz and 

Be H. P. Sanderson 

Relative Merits of Gas Chromatography, Colorimetry and Spectrometry for 
Air Pollution Measurements—Lewis H. Rogers 

The SRI Fluoride Recorder—Moyer D. Thomas, Gilbert A. St. John, and Saul 
W. Chaikin 

_ These papers were issued as ASTM Special Technical Publication No. 250 

entitled “Symposium on Instrumentation in Atmospheric Analysis.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
CLEANING OF ELECTRONIC-DEVICE COMPONENTS 
AND MATERIALS 


The Symposium on Electronic-Device Components and Materials was 
sponsored by ASTM Committee F-1 on Materials for Electron Tubes and 
Semiconductor Devices. Current progress in the control of contamination 
during assembly of electronic-device components and materials was dis- 


October 13-14, 1958. 

Mr. F. J. Biondi, Bell Telephone Laboratories, was the Symposium Chair- 
man; Mr. S. A. Standing, Raytheon Manufacturing Co., presided over the 
first two sessions, Mr. C. W. Horsting, Radio Corporation of America, acting 
_as moderator; and Mr. S. Umbreit, Radio Corporation of America, presided 
over the third and fourth sessions, Mr. A. P. Haase, General Electric Co., 
being moderator. 

The papers included in the Symposium are Ey 


Introduction—F. J. Biondi 


Physical and Organic Contaminants 


Measuring and Controlling Dust—P. R. Pondy and G. E. Helmke 

Planning and Operating a Clean Shop—W. T. Dyall and L. C. Herman 

An Ultrasonic System for Eliminating Physical Contaminants from Electron : 
Devices—D. E. Koontz and I. Amron 7 

“Operation Snow White”’—An Approach to Higher Reliability in Receiving _ 
Tubes—K. D. Johnson 

Detection, Removal, and Control of Organic Contaminants in the Production 
of Electron Devices—D. O. Feder and D. E. Koontz 

Cleanness Factors in Mechanical Processes and Etching of Semiconductors— 
J. W. Faust, Jr. 


Gaseous Contaminants 


Design and Use of a Mass Spectrometer to Study Gas Problems in Electron 
Device Development—E. J. Becker 

Use of the Mass Spectrometer to Evaluate the Effectiveness of Processing Tube 
Materials—R. W. Griessel 

Carbon as an Indicator of Gas Content in Metallic Tube Components—D. R. 
Kerstetter 

Method of Analysis and Control of Gas Atmospheres Used in the Processing of 
Electronic Parts and Devices—M. J. Elkind and D. R. Benn 

The Adsorption and Desorption Characteristics of Conductive Graphite Coat- 
ings—Herman H. Stern and D. Joseph Donahue 

Hydrogen Absorption by Tube Parts Due to Various Processing Procedures— 


David Lichtman 
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SYMPOSIUM ON CLEANING ELECTRONIC MATERIALS 


Chemically Combined Contaminants 


Cathodic Electrocleaning of Molybdenum Wire Prior to Gold Plating—Robert | 
W. Etter 

The Preparation of Ultraclean Electron-Tube Components by Chemical Etci- 
ing—D. E. Koontz, C. O. Thomas, W. H. Craft, and I. Amron 

Radiotracers in Evaluating Parts Cleaning—Morris N. Slater and D. Joseph 
Donahue 

Effects of Parts Cleaning on Tube Performance—J. C. Hickle and 
S. C. Crawford 

Thermionic Emission from Oxide Cathodes as Related to Glass—H. E. Kern 
and E. T. Graney 

An Ultraclean Diode as Emission Tester for Microwave Application— 


Preparation and Use of High-Purity Intrinsic Water for Electron Device Proc- 
essing—D. E. Koontz and M. V. Sullivan 

The Preparation of High-Purity Methyl Alcohol for Use with Semiconductor 
Devices—H. F. John 

The Utilization of Pure Water in Electronic Device Manufacture— 
P. P. Pritchett 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 246, entitled “Symposium on Cleaning of Electronic-Device 
Components and Materials.” 
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SUMMARY OF PROCEEDINGS OF THE INTERNATIONAL _ 
SYMPOSIUM ON PLASTICS TESTING AND 
STANDARDIZATION 


This International Symposium on Plastics Testing and Standardization 


_was sponsored by ASTM Committee D-20 on Plastics for the American 


Group of ISO/TC-61. The papers in the Symposium were presented at four 
sessions. The first session included papers from Belgium, Czechoslovakia, 
Germany, Hungary, The Netherlands, Poland, Roumania, Sweden, England, 
the U.S.S.R. and U.S. on “How National Standards Are Achieved.” Mr. 
Frank W. Reinhart, National Bureau of Standards, Chairman of Com- 


_ mittee D-20, presided over the session. ‘‘Methods of Test for Engineering 


Properties of Plastics” were discussed in the second session in four papers 
from France, Sweden, Switzerland, and England under the chairmanship of 
Mr. Hans W. Paffrath, Farbenfabriken Bayer, Leverkusen, Germany, with 
Mr. Ralph K. Witt, Johns Hopkins University, as Co-chairman. Four papers 
in the third session disclosed methods for testing and studying various thermal 
properties of plastics, the flow test in Germany, variants of the Vicat soften- 


_ ing point test in a paper from England, rheological properties of polymers in 
a paper from the U.S., and the study of impact strength in a French paper. 


Mr. F. H. Jacobs, Philips, N.V., Eindhoven, Holland, presided over the 
session as Chairman, with Mr. Paul Willard, Food Machinery and Chem- 
ical Corp., as Co-chairman. Four papers from the U.S. in the fourth session 
discussed methods for molecular characterization of polymers and a paper 
from Roumania (presented by title only) suggested a classification system 


_ for macromolecular products. This last session was presided over by Mr. 


A. H. Willbourn, Imperial Chemical Industries, Ltd., Hertfordshire, England 
as Chairman, with Mr. C. H. Adams, Monsanto Chemical Co., as Co-chair- 
man. 

Mr. C. A. Webber, E. I. du Pont de Nemours and Co., Inc., was Chairman 
of the Symposium Program Committee and contributed greatly to the 
success of the meeting, held in Philadelphia, October 30-31, 1958. 

The papers included in the Symposium are: 


How National Standards Are Achieved 
¢ 
Introduction—George F. Hussey, Jr. > al 


The Functioning of the Belgian Institute of Standardization and Activity in the 
Field of Plastics Materials 

Czechoslovakian Standards 

How German Standards Are Achieved—Gerhard Ehlers 

How Hungarian Standards Are Achieved—A Brief Study—Andrew Miklovicz 

Standardization in The Netherlands—F. W. R. Wijbrans 

Outline of Standardization Problems Relating to Plastics in Poland—Boleslaw 

Mrozowski 
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1370 Sympostum ON PLastics TESTING AND STANDARDIZATION 
State Office for Standards of the Popular Roumanian Republic 
Plastics Standardization in Sweden 7 
British Standards with Particular Reference to Standards for the Plastics In- 
dustry—G. Weston and H. M. Glass 
The Order of Development and Adoption of Technical Standards for Plastics" 


in the U.S.S.R. 

Materials Standards in U.S.A. with Particular Reference to Plastics—Robert 

Summary—Robert J. Painter 


Methods of Test for Engineering Properties of Plastics 


Basic Considerations on the Mechanical Properties of Molded Plastic Objects— 
P. Dubois, B. Bossu, and M. Chatain 
Anisotropic Effects in Testing Plastics—Hilding Hogberg 
Encyclopedia of Electrical Insulating Materials—G. de Senarclens 
Mechanical Properties of Plastics at High Speeds of Testing—H. Warburton 
Hall 
On the Most Suitable Shape for Plastics Materials Specimens Intended for 
ad Measurement of Their Shear Strength—Niuma Goldenberg, Mircea 
‘ted Arcan, and Edward Nicolau (presented by title only). 


Thermal Properties of Plastics 


Testing Flow Properties of Thermosetting and Thermoplastic Molding Com- 
pounds—C. M. von Meysenbug 

The Vicat Softening Point Test Method: Correlations, Uses, and Variants— 
C. E. Stephenson and A. H. Willbourn 

Rheology of Polymer Melts—A Correlation of Dynamic and Steady Flow 
Measurements—E. H. Merz and W. P. Cox 

The Function of the Temperature on the Phenomena of Transition in the Study 


Methods for Molecular Characterization 


The Accurate Determination of Molecular Weights of Macromolecules—Donald 
McIntyre 
The Use of Infrared Spectroscopy in Characterization of Polymer Structure— 
W. J. Potts 
The Use of X-Ray Diffraction and Scattering in Characterization of Polymer 
Structure—W. O. Statton 
_ Nuclear Resonance Studies of Polymer Chain Flexibility—William P. Slichter 
_ Suggestion for Classification of Macromolecular Products Based on the Correla- 
— tion Between Structure and Properties of High Polymers—Dan C. Costecu 
(presented by title only) 


- The papers with discussion were issued as ASTM Special Technical Pub- 
lication No. 247, entitled “Symposium on Plastics Testing and Standardiza- 
tion.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
BULK QUANTITY MEASUREMENT 


This Symposium on Bulk Quantiy Measurement was sponsored by Re- 
_ search Division II on Measurement and Sampling of ASTM Committee D-2 
- on Petroleum Products and Lubricants. The installation of automatic tank 
- gages, temperature equipment, and positive displacement meters is becom- 
ing widespread throughout the petroleum industry. In many cases, such 
equipment is being used for custody transfer, and this trend will certainly 
_ increase in the years ahead. Eventually ASTM will need to establish stand- 
ard procedures for the installation, operation, and maintenance of this 
- equipment. The problems associated with standardizing procedures provided 
a basis for this Symposium, held in Houston, Tex., February 5, 1958, with 
Mr. E. F. Wagner, The Atlantic Refining Co., acting as Chairman and pre- 
siding over the session. 

The papers included in the Symposium are: 


How Accurate is Hand Gaging?—C. L. Peterson and E. F. Wagner 

Automatic Tank Gage Performance—H. E. Sims 

Transfers Using Positive Displacement Meters—M. A. Levy 

Application, Installation and Maintenance of Automatic Tank Gages—George 
D. Robinson, Jr. 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 249, entitled “Symposium on Bulk Quantity Measurement.” 
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1958 TECHNICAL PAPERS PUBLISHED IN ASTM BULLETIN 


ASTM Bulletin No. 227, January 1958 vi 

The Tower of Babel—A. W. Carpenter, p. 28 

Analysis of Radioactivity in Surface Waters—Practical Laboratory Methods— 
L. R. Setter, G. R. Hagee, and C. P. Straub, p. 35 (TP 1) 

Brittleness Temperature Testing of Elastomers and Plastics—A. C. Webber, p. 40 
(TP 6) 

Mechanical and Physical Characteristics of Jewelry Bronze, 87.5 per cent Strip— 
Delmar E. Trout, p. 45 (TP 11) 

Four Methods of Determination of Carbon Dioxide in Solid Fuels—P. O. Krumin 
and Karl Svanks, p. 51 (TP 17) 

A Laboratory Waxing Machine—F. Walter, R. R. Evans, J. Walker, and R. J. 
Askevold, p. 58 (TP 24) 

The Effect of Loading Rate on Adhesive Strength—Frank Moser and Sandra S. 
Knoell, p. 60 (TP 26) 

Refractivity Intercept-Density Chart for the Determination of Total Naphthenes 
in Gasoline—Sigurd Groennings, p. 64 (TP 30) 

A Recording Torsion Testing Machine for Wire—H. C. Burnett, p. 68 (TP 34) 

Why Paint Specifications—Their Tests and Controls—C. F. Pickett, p. 70 (TP 36) 


ASTM Bulletin No. 228, February 1958 


Standardization from an Air Line Viewpoint—R. D. Kelly, p. 25 

Autographic Stress-Strain Recorders—R. B. Bouche and D. R. Tate, p. 33 (TP 
39); Disc., p. 42 (TP 48) 

A Stress Computer for the SR-4 Testing Machine—R. D. Behr and J. A. Gusack, 
p. 43 (TP 49) 

A True Stress-True Strain Computer—T. S. DeSisto and D. E. Driscoll, p. 46 
(TP 52) 

A High-Speed Tension Testing Machine—S. Strella, H. Sigler, M. Chmura, and 
B. Holman, p. 50 (TP 56) 

A Progress Report—Measurement of Surface Moisture—P. J. Sereda, p. 53 (TP 59) 

Preparation of Samples for the Geiger Counter Diffractometer—L. E. Copeland 

; and R. H. Bragg, p. 56 (TP 62) 

Application of Ion-Exchange Chromatography to the Analysis of Commercial Tri- 
phosphate—W. G. Spangler, D. E. Howes, jr., and J. A. Kish, p. 61 (TP 67) 

Exploratory Fire Tests with Small-Scale Specimens—H. D. Foster, p. 66 (TP 72) 

Discussion of Paper on Temperature of Bituminous Roof Surfaces (Ballantyne 
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ASTM Bulletin No. 230, May 1958 
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Brandvold, p. 85 (TP 173) 

Behavior of Certain Alloys Subjected to Dynamic Loading—Ralph G. Crum and 
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Fixtures for Testing Pin-End Columns—A. W. Huber, p. 41 (TP 253) 

Oxidation of Gear Lubricants—Laboratory and Field—M. J. Pohorilla and W. — 
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A Toric Bending Specimen for Investigation of Geometrical Factors in Fatigue— 
J. A. Bennett and J. G. Weinberg, p. 53 (TP 265) 
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= SPECIAL MEETING FOR AMENDMENT OF 


A special meeting of the American 
Society for Testing Materials was held 
at the Headquarters of the Society pur- 
suant to notice to the membership dated 
October 6, 1958. There were present in 
person 33 members, being in excess of 
the quorum prescribed by the By-laws; 
in addition 3602 members were repre- 
sented by proxy. 

Donald I. Finch, representing Leeds & 
Northrup Co., nominated Harry M. 
Hancock, representative attending for 
The Atlantic Refining Co., as Chairman 
of the meeting. The nomination was 
seconded by Mr. F. G. Tatnall, repre- 
sentative for Tatnall Measuring Systems 
Co.; thereupon a vote was taken and Mr. 
Hancock was unanimously named Chair- 
man. 

Mr. Robert J. Painter, Executive 
Secretary of the Society, was named 
Secretary of the meeting. 

At the request of the Chairman, the 
Secretary read the notice to the member- 
ship dated October 6, 1958, of this 
special meeting called for the express 
purpose of having the membership vote 
on the proposed charter amendment to 
revise Section 6 of the Charter, whereby 
the number of Directors would be in- 
creased from fifteen to “eighteen Direc- 
tors, or such number as shall be pre- 
scribed from time to time in the 
By-laws.” The notice was then ordered 
filed with the minutes of the meeting. 

On motion by Mr. Cole and duly 
seconded by Mr. Thiel, the following 

* Meeting held at ASTM Headquarters, 1916 


Race St., Philadelphia 3, Pa., Dec. 17, 1958, at 
10:00 a.m. 


— 


1375 


4 


ASTM CHARTER* 


resolution was proposed for vote by the 
membership: 


Wuereas, the Annual Meeting of the So- 
ciety has voted to refer certain amendments 
of the By-laws of the Society to a letter 
ballot of the entire membership in accord- 
ance with the terms of Article X of the By- 
laws; and 

WHEREAS, these amendments include, 
inter alia, a proposal to change the number 
of the Board of Directors; and 

Wuereas, the Charter of the Society 
specifies the number of the Board of Direc- 
tors; and 

WHEREAS, amendment of Section 6 of the 
Charter is necessary before the related 
amendment of the By-laws may become 
effective; and 

WHEREAS, such purpose may be effected 
by changing Section 6 of the Charter to read 
as follows: 


“Section 6. The management of the said cor- 
poration shall be vested ina Board of Directors, 
consisting of the President, two Vice-Presidents, 
the last three Past-Presidents continuing to be 
members, eighteen Directors, or such number as 
shall be prescribed from time to time in the By- 
laws, and such other officers as the corporation 
may from time to time appoint.” 


Now, THEREFORE, BE IT 

RESOLVED, that the American Society for 
Testing Materials, in special meeting as- 
sembled, after due and legal notice, in ac- 
cordance with the laws of the Common- 
wealth of Pennsylvania, hereby approves the 
foregoing proposed amendment of Section 6 
of the Charter of the Society, as set forth in 
Resolution adopted by the Board of Direc- 
tors at its meeting held September 16, 1958, 
and the President and Executive Secretary 
are authorized and directed to present to 
the appropriate court pertinent Articles of 


Amendment to the Charter, and to take such 
further action as may be required by the 
laws of the Commonwealth of Pennsylvania 
to effectuate said amendment. 


The Chairman appointed Messrs. W. 
F. Bartoe, L. P. Mains, and H. W. 
Stewart as tellers to count the ballots 
indicated by the proxies and assist in 
taking the poll of the membership for 
and against the proposed resolution. The 
vote was taken on the proposed resolu- 
tion with the following result: The 33 
members present voted unanimously for 
the adoption of the resolution, and 3570 
votes were in favor of the resolution by 
proxy. Thirty-two negative votes were 
indicated by the ballots. Accordingly, the 
Chairman announced that the foregoing 
resolution had been adopted by the 
affirmative vote of more than a majority 
of the members entitled to vote thereon 
at said meeting of the membership. 

The Chairman stated that in accord- 
ance with the authority and direction of 
this resolution, the President and Execu- 
tive Secretary will proceed to present to 
the Court, through the Society’s counsel, 
Harry Rosenblum, Esq., Articles of 
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Amendment, and take such further ac- 
tion as may be required by the Common- 
wealth of Pennsylvania to effectuate 
said amendment. 

The Executive Secretary also an- 
nounced to the membership that the 
Society had signed an agreement of sale 
to purchase premises 1921-23 Arch St. 
and the properties abutting on the rear, 
namely, 1920-22 Cherry St., now oc- 
cupied by The Woman’s Christian Tem- 
perance Union of Philadelphia, and that 
settlement would be held January 2, 
1959. The membership expressed gratifi- 
cation of this purchase to enable the 
Society to have extension of its head- 
quarters for the increasing activities of 
the Society. 

Upon motion duly made, seconded and 
carried, the meeting was adjourned. 


ROBERT J. PAINTER, 
Secretary. 


EpiTORIAL Note.—The proposed revision of 
the Charter was approved by the Court under 
date of February 6, which has been made a 
matter of record in the Office of the Recorder of 
Deeds, Philadelphia, as of February 17, 1959. 
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and Goetz), 1282. 
See also Highway Construction. 
Bituminous Roof Surfaces 
temperatures (Ballantyne and Spencer). Disc. 
Published in ASTM Bu ULLETIN, No. 228, 
Feb., 67 (TP73). 
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Board of Directors 
Auditor’s Report (appendix I), 65. 
Report of Administrative Committee on Dis- 
trict Activities (appendix IV), 89. 
Report of Admistrative Committee on Pa- 
pers and Publications (appendix ITI), 85. 
Report of Administrative Committee on Re- 
search (appendix V), 91. 

Report of Administrative Committee on Simu- 
lated Service Testing (appendix VI), 93. 

Report of Administrative Committee on 
Standards (appendix IT), 79. 

Report of Board of Directors, 47. 


Boiler Feedwater 
Report of Committee D-19, 399. 

Brass 
Report of Committee B-5, 141. — 


Report of Committee B-6, 165. 
Brick 
effect of variations of cappings on compressive 
strength (Kelch and Emme). Published in 
ASTM Bu ttetin, No. 230, May, 38 (TP 
116). 
Report of Committee C-15, 275. 
Brittleness Temperature 
elastomers and plastics (Webber). Published 
in ASTM Buttetin, No. 227, Jan., 40 
(TP6) (R). 
Bronze 
grade A phosphor strip 
study of mechanical properties (Torrey, 
Gohn, and Wilk), 893. Disc., 910. 
jewelry copper-zinc alloy, 87.5 per cent strip 
(Trout). Published in ASTM BuLtetin, No. 
” 227, Jan., 45 (TP11). 
Building Constructions 
eleven-story in Mexico City 
underpinning and straightening (Streu). 
Summary of Proceedings of STP 232, 
1278. 
Report of Committee E-6, 461. 
Building Materials 
durability in structures 
__ Symposium on Some Approaches to Dura- 
bility in Structures. Summary of Pro- 
ceedings of STP 236, 1361: 
7 buildings (Legget and Hutcheon). 
concrete 
laboratory testing (Kennedy). 
introduction and closing comments (Shu- 
man). 
masonry 
effect of the atmosphere (McBurney). 
factors affecting clay products (John- 
son and Plummer). 
sandwich construction 
Wood). 
weathering 
relation between actual and artificial 
(Reinhart). 
surface flammability 
flame spread properties of finish (Gross and 
Loftus). Published in ASTM BuLtetin, 
No. 230, May, 56 (TP134). 
measuring by small tunnel-furnace test 
(Bruce and Miniutti). Published in 


(Kuenzi and 
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ASTM Bulletin, No. 230, May, 61 (TP 
139). 
Building Stone 
Report of Committee C-18, 281. 
Bulk Sampling 
Symposium. Summary of Proceedings of STP 
242, 1362: 
accuracy 
effect of increment weight (Bertholf). 
error considerations 
with reference to fertilizer (Duncan). 
example of 
interpretation of Enos coal data (Landry). 
purposes (Deming). 


variation 
in ore car and abrasive grain (Bingham, 
Jr.). 
Cc 
Cables 


Report of Committee B-1, 128. ie 
Carbon Black 
Report of Committee D-24, 428. 
Casein 
Report of Committee D-25, 429. 
Cast Iron 
at elevated temperatures 
properties of (Kattus and McPherson) (is- 
sued as separate pamplilet ASTM STP 
248.) 
Report of Committee A-3, 112. 
Cathodes 
Report of Committee F-1, 495. 
Caustic Soda 
Report of Subcommittee X of Committee E-2 
(appendix), 446. 
Cellulose 
Report of Committee D-23, 426. 
Cement 
density in water 
by pycnometer method (Ford). Published 
in ASTM Bu tetin, No. 231, July, 81 
(TP169). 
expansive 
analyses of calcium sulfoaluminate admix- 


tures (Klein and Troxell), 986. Disc., 
1008. 
hydraulic 


types I portland, IS portland-blast-furnace 
slag for water tanks and pipe lines (Han- 
sen). Published in ASTM Buttetin, No. 
232, Sept., 51 (TP199). 
oxychloride, magnesium 


Report of Committee C-2, 251. 7 
oxysulfate, magnesium 

Report of Committee C-2, 251. >. 
portland 


and portland-slag 
insoluble residue determination (Halstead 
and Chaiken). Published in ASTM 
BULLETIN, No. 229, April, 60 (TP78). 
effect of fine aggregate (other than grading’ 
on strength and durability of mortar 
(Dempsey), 1121. Disc., 1135. 
false set —_ aeration (Hansen), 
Disc., 1050 


1044 (R). 


| 


of C;A content (with and without pozzolan) 
7 effect on sulfate resistance of concrete 
: (Polivka and Brown), 1077 (R). Disc., 
1099. 


variation in (Walker and Bloem), 1009. 
Disc., 1033. 
reference laboratory 
¢ extended to concrete. Published in ASTM 
BULLETIN, No. 228, Feb., 16. 
Report of Committee C-1, 243. 
Report of Committee C-16, 278. 
Report of Subcommittee on Cement Reference 
Laboratory, 243. 
strengths 
in mortar and concretes (Swayze). Pub- 
lished in ASTM Buttetin, No. 232, 
Sept., 54 (TP202). 

7 successive determination of manganese, 
sodium and potassium by flame photom- 
etry (Ford). Published in ASTM But- 
LETIN, No. 233, Oct., 57 (TP239). 

Cemented Carbides 
Report of Committee B-9, 223. 
Cement Reference Laboratory 
Report of Subcommittee on Cement Reference 
Laboratory, 243. 
Ceramics 
coatings 
for experimental stress analysis (Stren, Jr.). 
Summary of Proceedings of ST P 230, 983. 
Report of Committee C-22, 289. 
Report of Committee F-1, 495. 
strain-gage cements 


resistance measurement (Pitts, Buzzard, 
and Moore). Summary of Proceedings of 
STP 230, 983. 


whiteware 
Report of Committee C-21, 287. 
Ceramic Tile 
enginerring properties tests (Fitzgerald and 
Kastenbein). Published in ASTM BUvutte- 
TIN, No. 231, July, 74 (TP162) (R). 
Charter Amendment 
Special Meeting for Amendment of ASTM 
Charter, 1375. 
Chemical Analysis 


metals 
Report of Committee E-3, 452. 
Report of Committee E-2, 443. - 
Chemical Resistant Mortars 


Report of Committee C-3, 253. 
Chemical Resistant Units 
Report of Committee C-15, 275. 
Chromatography 
instrumentation for air pollution measure- 
ments (Rogers). Summary of Proceedings 
of STP 250, 1366. 
Clay 
expansive 
laboratory consolidation test (Dawson). 
Summary of Proceedings of STP 232, 
1278. 
heat of solution 
effect of calcination temperature (artificial 
pozzolans) (Ruiz). Published in ASTM 
BULLETIN, No. 233, Oct., 51 (TP233). 


SuBJECT INDEX 


a 


1401 
montmorillonite 


specific gravity tests by air displacement 
(Shea), 1261. Disc., 1268. 
Report of Committee C-15, 275. 
volcanic 
consolidation of, in Mexico City (Zeevaert). 
Summary of Proceedings of STP 232, 
1278. 
lacustrine 
unconfined compression and vane shear 
tests (Marsal). Summary of Proceed- 
ings of STP 232, 1278. a? 
Clay Pipe 
Report of Committee C-4, 255. 
Coal 
bulk sampling 
interpretation of Enos coal data (Landry). 
Summary of Proceedings of STP 242, 
1362. 
Report of Committee D-5, 326. 
testing plastometer (Hills). Disc. Published 
in ASTM Bu ttetin, No. 231, July, 84 
(TP172). 
Coal Chemicals 
Report of Committee D-16, 386. 
Coke 
Report of Committee D-5, 326. _ 
Color 
Report of Committee E-12, 468. 
Compression Testing 
air-entrained concrete 
with portland blast-furance slag (Lewis and 
Hubbard), 1143. Disc., 1157. 
brick 
effect of variations of cappings (Kelch and 
Emme). Published in ASTM Buttetin, 
No. 230, May, 38 (TP116). 
concrete 
effect of length to diameter ratio (Mur- 
dock and Kesler). Disc. Published in 
ASTM Buttetin, No. 229, April, 73 
(TP91). 
effect of capping material on strength of 
concrete cylinders (Werner), 1166 (R). 
Disc., 1181. 
of chemically treated granular soils 
effect of wetting and drying and monomer 
concentration (Schiffman and Wilson), 
1218 (R). 
sand (Roberts and de Souza), 1269 (R). 
steel 
fixtures for testing pin-end columns (Huber). 
Published in ASTM Bu ttetin, No. 234, 
Dec., 41 (TP253). 
Concrete 
air-entrained 
flexural and compressive strength 
with portland blast-furnace slag (Lewis 
and Hubbard), 1143. Disc., 1157. 
canal lining joints 
contraction test device (Johns). Published 
in ASTM Buttetin, No. 232, Sept., 67 
(TP215). 
cement strengths 
ASTM BULLETIN, 
(TP202). 


Published in 
Sept., 54 


(Swayze). 
No. 232, 
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compressive strength Report of Committee B-5 (appendix), 144. 
effect of length to diameter ratio (Mur- See also Alloys. 
dock and Kesler). Disc. Published in Copper Wire : 
ASTM Bu.tetin, No. 229, April, 73 Report of Committee B-1, 128. os 
(TP91). Corona 
control testing testing of 
on Northern Illinois toll highway (Wad- power separation filter (Sheps). Published 
dell). Published in ASTM Buttetin, No. in ASTM Buttetin, No. 230, May, 30 
234, Dec., 35 (TP247). Disc., 40 (TP252). (TP108). 
corrosion Corrosion 
by sulfuric acid (Hansen, Vellines, Brand- of concrete 
vold). Published in ASTM Bw ttetin, by sulfuric acid (Hansen, Vellines, and 
No. 231, July, 85 (TP173). Brandvold). Published in ASTM But- 
creep and shrinkage LETIN, No. 231, July, 85 (TP173). 
long-time tests (Troxell, Raphael, and Report of Advisory Committee on Corrosion, 
Davis), 1101. 229. 
curing materials Report of Committee A-5, 116. ou 
reflectance tests (Rhodes, Janson, and Report of Committee A-10, 125. = 
Brown), 1059. Disc., 1072. Report of Committee B-3, 137. 7) 
cylinders Report of Committee B-6, 165. 


effeet of capping material on compressive Crack Propagation 


strength (Werner), 1166 (R). Disc., 1181. congruency principle (Lubahn), 678 (R). 


durability in structures Disc., 683. 
laboratory testing (Kennedy). Summary of hydrogen embrittlement 
Proceedings of STP 236, 1361. from cadmium plating (Klier, Muvdi, and 
effect of fine aggregate (other than grading) Sachs), 597 (R). Disc., 620. 
on strength and durability of mortar low-blow transition temperature (Orner and 
(Dempsey), 1121. Disc., 1135. Hartbower), 623(R). Disc., 634. 
highway durability and light reflectance notch-bend testing of Ni-Mo-V steel (Lubahn 
extended with silicones (Cahn and Mackey). and Yukawa), 661(R). Disc., 676. 
Published in ASTM Bu ttetin, No. 235, onset and arrest of 
Jan., 1959, 37 (TP7). in relation to fracture strengths (Irwin, 
prestressed Kies, and Smith), 640 (R). Disc., 658. 
testing on Northern Illinois toll highway Creep 
(Waddell). Published in ASTM BuLtetin, concrete 
No. 234, Dec., 35 (TP247). Disc., 40 long-time tests (Troxell, Raphael, and 
(TP252). Davis), 1101. 
Report of Committee C-9, 263. effects of exposure times 
sulfate resistance in elevated-temperature magnesium alloys 
with portland cements of C;A content (with (Clapper), 812. 
and without pozzolan) (Polivka and long-time, with ten-year data 
Brown), 1077 (R). Disc., 1099. on four plastic laminates (Findley and 
waterproofing materials Peterson), 841 (R). Disc., 856. 
test methods (Kocataskin and Swenson). plastics 
Published in ASTM Buttetin, No. 229, glass-reinforced (Goldfein). Disc., published 
April, 67 (TP85) (R). in ASTM Bu tetin, No. 229, April, 65 
See also Cement and Sand. ae (TP83). 
Concrete Masonry Units : properties at high temperatures 
Report of Committee C-15, 275. low-shrinkage copper-base alloys (Simmons 
Concrete Pipe and Kura), 791. Disc., 805. 
Report of Committee C-13, 272. 
Conductors D 
Report of Committee B-1, 128. - Detergents 
Containers Report of Committee D-12, 365. 
glass Report of Subcommittee X of Committee E-2 
Report of Committee C-14, 274. (appendix), 446. 
shipping Die Casting 
Report of Committee D-10, 355. Report of Committee B-6, 165. 
Cooperative Activities District Activities. Published in ASTM Bvutte- 
Summary of Proceedings of Sixty-first Annual TIN, No. 227, Jan., 19; No. 229, April, 43; 
Meeting, 62. No. 230, May, 22; No. 231, July, 44; No. 
Copper 232, Sept., 21; No. 233, Oct., 18; No. 234, 
effect of nuclear radiation (Moteff). Report of Dec., 18. 
Committee B-5 (appendix), 159. = Report of Administrative Committee on 
Report of Committee B-2, 133. q District Activities, 89. 


Report of Board of Directors, 53. 
Summary of Proceedings, 53. 
Drain 
Report of Committee C-15, 275. 1 = 
Durability in Structures 
Sy of Proceedings of STP 


236, 1 

clay (Johnson and Plummer). 

concrete 
laboratory testing (Kennedy). 

introduction and closing comments (Shu- 7 
man). 


masonry and related materials 

effect of atmosphere (McBurney). 
structural sandwich (Kuenzi and Wood). 
weathering (Reinhart). 


E 


Elastic Properties 


triaxial loading test 
of cylinders of granular and fine-grain soil 
with portland cement (Balmer), 1187 


(R). Disc., 1203. 
Elastometer 
description and test conditions (Spurr, Held- 
man, and Myers). Published in ASTM But- 
LETIN, No. 231, July, 65 (TP153). 


d 4 
Electrical Contact Materials a 

Report of Committee B-4, 139. - 
Electrical Heating Alloys a 

Report of Committee B-4, 139. 
Electrical Insulating Materials 

encyclopedia of (de Senarclens). Summary of 

Proceedings of STP 247, 1369. an 


Report of Committee D-9, 345. 7 
Report of Committee F-1, 495. an 
Report of Committee D-9, 345. : 

Electrodeposited Metallic Coatings 
organic coatings, adhesion to chromium plated 
surfaces 
Report of Committee B-8, 217. 7 


supplementary coatings — 
Report of Committee B-8, 217. 
Electron Device 


cleaning of components and materials 
Symposium. Summary of Proceedings of 
STP 246, 1367: 
chemically combined contaminants 
chemical etching 
for preparing ultraclean tube com- 
ponents (Koontz, Thomas, Craft, - 
and Amron). 
emission tester 
ultraclean diode for microwave ap- a 
plication (Olthuis). 
goldplating of molybdenum wire 
prior cathode electrocleaning (Etter) 7 
oxide cathodes 
thermionic emission as related to 
glass (Kern and Graney). 
parts cleaning 
effects on tube performance (Hickle 
and Crawford). 
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microstructure 


evaluating by radiotracers (Slater 
and Donahue). 
gaseous contaminants 
analysis and control 
in processing parts (Elkind and 
Benn). 
carbon 
as indicator in metallic tube com- 
ponents (Kerstetter). 
conductive graphite coatings 
adsorption and desorption charac- 
teristics (Stern and Donahue). 
hydrogen absorption 
by tube parts in processing (Licht- 
man). 
mass spectrometer 
design and use (Becker). 
to evaluate processing tube materials 
(Griessel). 


introduction (Biondi). 


physical and organic contaminants 

detection, removal, and control (Feder 
and Koontz). 

dust, measuring and control (Pondy 
and Helmke). 

eliminating by ultrasonic 
(Koontz and Amron). 

etching of semiconductors 
cleaness in mechanical 

(Faust, Jr.). 

in receiving tubes 

“operation snow white” 
reliability (Johnson) 

planning and operating a clean shop 

(Dyall and Herman). 
soluble contaminants 

high-purity intrinsic 
and Sullivan). 

high-purity methy] alcohol (John). 

pure water, utilization in manufacture 
(Pritchett). 


system 


processes 


to higher 


water (Koontz 


Electron Metallography 
Symposium on Advances in Electron Metal- 


lography. Summary of Proceedings of 
STP 245, 982: 


introduction (Nielsen). 
microscopy 


dislocations in elongation in thin alumi- 
num foils (Wilsdorf). 

etchants for studies of magnesium alloys 
(Moe). 

transmission, 
and Smith). 

minor phases of heat-resistant alloys 
(Bigelow, Brockway, and Freeman). 

removal of direct replicas (Bridges and 
Long, Jr.). 

titanium alloy with 8 per cent manganese 
(Progress Report, Non-Ferrous Task 
Group, Subcommittee XI of ASTM 
Committee E-4). 

vibratory polishing of specimens (Long, 
Jr. and Gray). 

of age-hardenable 

(Mihalisin and Carroll). 


examination by (Boswell 


alloys 


Precipitation-hardening in nickel-base al- 
loys (Bigelow, Amy, Corey, and Free- 
man). 
probe analysis of segregation in Inconel 
(Birks and Brooks). 
Electron Tube Materials 
Report of Committee F-1, 495. 
Element 41 
columbium or niobium. Published in ASTM 
BuLtetin, No. 227, Jan., 72 (TP38). 
Elevated Temperature 
cast iron 
properties (Kattus and McPherson) (issued 
as separate pamphlet ASTM STP 248.) 
chromium steels 
properties (Simmons and Cross). (Report 


- ASTM-ASME Joint Committee on Ef- 
= fect of Temperature on the Properties of 
Metals) (issued as separate publication 


ASTM STP 228.) 

effect on stress-rupture properties of malle- 
able iron (Marshall and Sommer), 733 
(R). Disc., 751. 

static tension measurements 
of Young’s modulus of magnesium alloys 


(Fenn, Jr.), 826 (R). Disc., 838. 
2 strain gages 
Symposium on Elevated Temperature 
Strain Gages. Summary of Proceed- 
ings of STP 230, 983: 
bakelite 
wh for temperatures between —320 and 
450 (Madsen). 
bonding agents (Moore). 
ceramic coatings 
for experimental stress analysis (Stren, 
r.). 
‘ian strain gage cements 
resistance measurement (Pitts, 
zard, and Moore). 
’ evaluator (Martina). 
fabricated with Armour Alloy “D” 
evaluation configurations (Shrager). 
foil (Hines). 
for long-time static testing to 650 F 
(Yanowitz, Berman, and Bleiweis). 
for stress measurements in jet engines 
(Anderson). 
introduction (Weiss). 
investigations at Grumman Aircraft Engi- 
neering Corp. (Stewart). 
metalfilm (Bean, Jr.). 
nichrome-foil up to 1200 F (F orlifer). 
optical (Howerton). 
resistance-type (Bloss). 
static and dynamic, research in (Kemp). 
synthetic mica (Brewer). 
temperature compensation 
(Friedman). 
(Gray, Grossman, and Rubin). 
thermal stress measurements 
Michele). 
testing at Rolls-Royce (Drew). 
to 900 F, laboratory evaluation (Day). 


Buz- 


(De- 
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wire 
alloy, stability (Metcalfe). 
development (Graft). 
See also High Temperature. 
Elevated Temperature Tests 
Report of Committee A-3, 112. 
Emission Spectroscopy 
Report of Committee E-2, 443. 
Enamel 
porcelain 
Report of Committee C-22, 289. 
Engine Antifreezes 
Report of Committee D-15, 384. 
Fabrics 


‘ 


Report of Committee D-13, 369. 


F 
Fatigue 
carbon steels 
effect of reheating (Yokobori). Published i in 
ASTM Buttetin, No. 234, Dec., 65 
(TP277). 
effect of geometrical factors 
investigated by toric bending specimen 
(Bennett and Weinberg). Published in 
ASTM BvutteTIn, No. 234, Dec., 53 
(TP265). 
failure 
distribution in flat hardened steel bars 
(Hyler, Tarasov, and Favor), 540. Disc., 
550. 
hypothesis based on stabilized unidirec- 
— slip (Younger), 576 (R). Disc., 
94 


hardened steel 
effects of grinding direction and abrasive 
tumbling (Tarasov, Hyler, and Letner), 
528. Disc., 538. 
high-strength steels 
strength reduction factor for nonmalleable 
silicate inclusions (Cummings, Stulen, 
and Schulte), 505. Disc., 512. 
high temperature testing—uranium (Bohn 
and Murphy). Published in ASTM Butte- 
TIN, No. 234, Dec., 57 (TP269). 
in-pile 
testing apparatus (Drucker). Summary of 
Proceedings of STP 233, 1358. 
metals 
effect of pressurization (Hu). Published in 
ASTM BuLietTiIn No. 234, Dec., 63 
(TP275). 
nonpropagating cracks (Coffin), 570. 
properties, determined by 
progressive load test Mf notched and un- 
notched short-time and creep prestrained 
specimens (Vitovec), 552 (R). 
strength of magnesium alloy KH 31 
modified by a weld joint (Breen and Dwyer). 
Published in ASTM Buttetin, No. 234, 
Dec., 60 (TP272). 
Symposium on Basic Mechanisms of Fatigue. 
Summary of Proceedings of STP 237, 


| 


crack 
1 and slipband formation under alternating 
stress (Hempel). 
7 formation in silver chloride (Forsyth). 
cycle-dependent stress relaxation (Marrow 
and Sinclair). 


during cyclic loading 
dislocation behavior in lithium 
crystals (Keith and Gilman). 
in metals 
and semiconductors (Mason). 
failure, recent observations (Wood). 
introduction (Dolan). 
tester 
high temperature, vacuum, controlled en- 
vironment (Danek and Achter). Pub- 
lished in ASTM Bu.tetin, No. 234, Dec., 
48 (TP260). Disc., 52 TP264). 
torsional properties 
of small diameter high carbon steel wire 
(Burnett), 515. Disc., 525. 
Ferric Sulfate-Sulfuric Test 
intergranular corrosion resistance 
austenitic stainless steel (Streicher). Pub- 
lished in ASTM Bvutietin, No., 229, 
April, 77 (TP95) (R). 
Fertilizer 
bulk sampling 


floride 


Proceedings of STP 242, 1362. 
Fibers 
Report of Committee D-13, 369. 
Fiber Papers 
synthetic 
technology and end-uses (Taylor and Mc- 
Laughlin). Summary of Proceedings of 
STP 241, 1363. 
testing (Koontz and Owens). Summary of 
Proceedings of STP 241, 1363. 
Filter Block, Clay 
Report of Committee C-15, 275. 
Finances 
auditor’s report, 65. 
Summary of Proceedings of Sixty-first Annual 
Meeting, 60. 
1957. Published in ASTM Buttetin, No. 228 
Feb., 12. 
Fire-clay Brick 
Report of Committee C-8, 259. 
Fire Tests 
exploratory with small-scale specimens 
(Foster). Published in ASTM Buttetin, 
No. 228, Feb., 66 (TP72). 
’ finish materials for buildings 
flame spread properties (Gross and Loftus). 
Published in ASTM But etin, No. 230, 
measuring by small tunnel-furnace test 
(Bruce and Miniutti). Published in ASTM 
successive determination of manganese, 
sodium and potassium (Ford). Published 


May, 56 (TP134). 

Report of Committee E-5, 459. 
BULLETIN, No. 230, May, 61 (TP139). 
Flame Photometry 


surface flammability 
cement 


SuByEcT INDEX 


error considerations (Duncan). Summary 7 
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in ASTM Bu ttetin, No. 233, Oct., 57 
(TP239). 
Flexible Barrier Materials 
Report of Committee F-2, 500. 
Floor Polishes 
Report of Committee D-21, 422. 
Floor Wax 
Report of Committee D-21, 422. 
Flue Lining 
Report of Committee C-15, 275. 
Fluoroscopy 
in the 2-Mev range (Wegener and Burrill). 
Published in ASTM Bvuttetin, No. 232, 
Sept., 49 (TP196) (R). 
Foil 
high-temperature gages (Hines). Summary of 
Proceedings of STP 230, 983. 
nichrome 
strain gages up to 1200 F (Forlifer). Sum- 
mary of Proceedings of STP 230, 983. 
Foreign Technical Information Center. Pub- 
lished in ASTM Buttetin, No. 233, Oct., 
93. 


Fuels 
distillate oils 
stability 
Symposium. Summary of Proceedings of 
STP 244, 1364: 
diesel storage (Jones and MacDonald). 
domestic burner nozzles, requirements 
(Olson). 
a gel (Dunn, Jr. and Saur). 
incompatibility (Ward and Schwartz). 
a large development oil heating (Ed- 
mands). 
measuring and control (Clinkenbeard). 
need for specification for No. 2 oil? 
(Gray). 
a review of the problem (Elmquist). 
gasoline 
determination of total naphthenes by re- 
fractivity intercept method (Groennings). 
Published in ASTM Bu ttetin, No. 227, 
Jan., 64 (TP30). 
liquid 
research frontiers (Lyman). Summary of 
Proceedings of STP 243, 1359. 
radiation behavior of materials for sodium 
graphite reactors (Hayward, Wilkinson, 
Woolsey). Summary of Proceedings of STP 
233, 1358. 
residual—for RR Diesels. Published in ASTM 
BULLETIN, No. 227, Jan., 25. 
Report of Committee D-2, 297. 
solid 
determination of carbon dioxide (Krumin 
and Svanks). Published in ASTM But- 
LETIN, No. 227, Jan., 51 (TP17) (R). 
See also Oils and Petroleum. 


Gages 

based on equation covering gamma-ray 

density measurement (Pocock and Sommer- 
man), 1345 (R). 


g 


1406 
bulk quantity measurement, petroleum. 
Symposium on Bulk Quantity Measure- 
ment. Summary of Proceedings of STP 
application, installation, maintenance 
(Robinson, Jr.). 
performance (Sims). 
hand gaging (Peterson and Wagner). 
positive displacement meters (Levy). 
strain 
mechanical, for tension testing of metalalloys 
constant volume condition at small plastic 
strains (Lubahn), 1327 (R). 
Symposium on Elevated Temperature 
bakelite 
for temperatures between —320 and 
450 (Madsen). 
bonding agents (Moore). 
ceramic coatings 


249, 1371: 
automatic tank gage 
for gamma radiation density measurements 
(Pocock and Sommerman), 1345 (R). 

Strain Gages. Summary of Proceed- 
ings of STP 230, 983: 
for experimental stress analysis (Stren, 

Jr.). 


ceramic-type cements 
: resistance measurements (Pitts, Buz- 
a zard, and Moore). 
evaluator (Martina). 
fabricated with Armour Alloy 
evaluation configurations 
(Hines). 


for long-time static testing to 650 F 
(Yanowitz), Berman, and Bleiweis). 
for stress measurements in jet engines 


(Anderson). 
introduction (Weiss). 
investigations at Grumman Aircraft 


Engineering Corp. (Stewart). 
metalfilm (Bean, Jr.) 
nichrome-foil up to 1200 F (Forlifer). 
optical (Howerton). 
resistance-type (Bloss). 
static and dynamic, research in (Kemp). 
synthetic mica (Brewer). 
temperature compensation 


(Friedman). 
p (Gray, Grossman, and Rubin). 
thermal stress measurements (De- 
Michele). 
testing at Rolls-Royce (Drew). 


to 900 F, laboratory evaluation (Day). 
wire 
alloy, stability (Metcalfe). 
development (Graft). 
Gamma Radiation 
gage for density measurements (Pocock and 
Sommerman), 1345 (R). 
Gaseous Fuels 
Report of Committee D-3, 314. 
Gasoline 
engine crankcase oil dilution (Luntz). Pub- 
lished in 1958 Compilation of ASTM Stand- 
ards on Petroleum Products and Lubricants, 
1177. 
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Report of Committee D-2, 297. 
See Fuels, Lubricants, Oils, and Petroleum. 
Geiger Counter Diffractometer 
preparation of samples (Copeland and Bragg). 
Published in ASTM Bu ttetin, No. 228 
Feb., 56 (TP62). 
Glass 
optical 
effects of high neutron and gamma fluxes on 
transmission characteristics (Colp and 
Woodall). Summary of Proceedings of 
STP 233, 1358. 
Report of Committee C-14, 274, 
research 
recent developments (Shaver). Summary of 
Proceedings of STP 243, 1359. 
thermal stability 
in ASTM thermometers (Ruh and Conk- 
lin). Published in ASTM BuLtetin, No. 
233, Oct., 35 (TP217). 
Gloss 
Report of Committee E-12, 468. 
Granite 
building — 
Report of Committee C-18, 281. _ 
Greases 
lubricating 
separation in storage. Published in ASTM 
BULLETIN, No. 233, Oct., 27. 
Gypsum 
Report of Committee C-11, 269. 


High Explosives 
testing 
with extensometer (Reynolds). Published in 
a BULLETIN, No. 234, Dec., 65 (TP 
277). 
High-Speed Tension 
testing machine (Strella, Sigler, Chmura, and 
Holman). Published in ASTM Buttetin, 
No. 228, Feb., 50 (TP56). 
High Temperature 
alloys 
evaluation under static and dynamic 
stresses (Hawkes and Ek). Published in 
ASTM BUwLtetin, No. 235, Jan., 1959, 46 
(TP16). 
atmospheric effect on creep-rupture properties 
of nickel-chromium-aluminum alloys 
(Shahinian and Achter), 761. Disc., 773. 
constant 77 F 
in long-time creep tests for plastic laminates 
(Findley and Peterson), 841, (R). Disc., 
856. 


creep properties 
low-shrinkage, copper-base alloys 
mons and Kura), 791. Disc., 805 
effect of, and strain rate 
on magnesium alloys (Fenn and Gusack), 
685. 


(Sim- 


fatigue testing 
tester (Danek and Achter). Published in 
ASTM Buttetin, No. 234, Dec., 48 
(TP260). Disc., 52 (TP264). 


uranium (Bohn and Murphy). Published in 
ASTM Buttetin, No. 234, Dec., 57 (TP 
269). 
metals 
4 role in technological future (Williams). (Gil- 
lett Lecture) (issued as separate pamphlet 
only). Synopsis published in ASTM 
BuL.eTin, No. 229, April, 7. 
properties of nickel-Al.O; alloys (Cremens and 
Grant), 714 (R). Disc., 731. 
stability of glasses 
4 in ASTM thermometers (Ruh and Conklin). 
Published in ASTM But tetin, No. 233, 
a Oct., 35 (TP217). 
See also Alloys and Elevated Temperature. 
Highway Construction 
application of soil testing 
Symposium on the Application of Soil 
Testing in Highway Design and Con- 
J struction. Summary of Proceedings of 
STP 239, 1279: 
banded sediments, investigation alon; 
North Shore in Quebec (Pryer an 
Woods). 
compaction 
index of characteristics (McRae). 
by laboratory methods for granular 
soils (Felt). 
core drilling machines, power augers, and 
electrical resistivity, experienced on 
Pennsylvania Turnpike (Shurig and 
Yoder). 
examples of engineering (Barber). 
exploration and mapping 
_ cooperative project in Illinois (Chrys- 
safopoulos). 
= introduction (Seed). 
moisture-density curves, typical in Ohio 
(Joslin). 
7 test data, value in road planning (Ekse). 
inventions, science, and research (Volpe). 
Published in ASTM Bvuttetin, No. 234, 
Dec., 7. 
See also Asphalt, Bituminous Paving Mix- 
tures, and Concrete. 
Highway Materials 
Report of Committee D-4, 317. 
Honors and Awards 
Summary of Proceedings of Sixty-first Annual 


Impact Strength 
transition phenomena 
function of temperature (Juillard). Sum- 
mary of Proceedings of STP 247, 1369. 
Industrial Wastes 
Report of Committee D-19, 399. 
In-Place Density 
measurement of base-course materials 
(Griffin). Published in ASTM BULLETIN, 
No. 230, May, 31 (TP109). 
Instrumentation 
in the space age (Dever). Published in ASTM 
BULLETIN, No. 234, Dec., 33. 
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technological competition (Astin). Published 
in ASTM Buttetin, No. 232, Sept., 7 
Insulating Materials 
Insulating Wire and Cable ory 3 
Report of Committee D-11, 357. 
International Relations 
(Spangler, Howes, Jr., and Kish). Published 
in ASTM BuL etn, No. 228, Feb., 61 (TP 
67) (R). 
pamphlet ASTM STP 248). 
-chromium, -chromium-nickel, and _ related 
alloys 
on stress-rupture properties (Marshall 
and Sommer), 733 (R). Disc., 751. 
See also Alloys. 
by high-temperature strain gages (Ander- 
son). Summary of Proceedings of STP 
230, 983. 


Report of Committee D-9, 345. 
Report of Committee D-11, 357. 
thermal 
Report of Committee C-16, 278. z 
Report of Administrative Committee on 
Standards, 82. 
Ion-Exchange Chromatography 
for analysis of commercial triphosphate 
Iron 
cast 
properties at elevated temperatures (Kattus 
and McPherson) (issued as separate 
corrosion resisting 
Report of Committee A-10, 125. 
malleable 
elevated temperature effect 
Iron Castings 
malleable 
Report of Committee A-7, 123. 7 
J 
Jet Engines 
stress measurements 
Laminates 
fiberglass reinforced 
tensile and compressive properties (Cham- 
bers and McGarry). Published in ASTM 
BULLETIN, No. 233, Oct., 40 (TP222) (R). 


Lead 
Report of Committee B-2, 133. 
Leather 
Report of Joint Committee on Leather, 431. 
Lectures 
Gillett 
high temperature metals (Williams). Sum- 
mary of Proceedings, 14 (issued as separate 
pamphlet). Synopsis, published in ASTM 
BULLETIN, No. 229, April, 7. 
Marburg 
man and raw materials (Pehrson). Summary 
of Proceedings, 27 (to be published as sepa- 
rate pamphlet). Synopsis, published in 
ASTM But tetin, No. 229, April, 7. 
Lime 
Report of Committee C-7, 257. 


4 


Low Temperature 

brittleness test of polyethylene (Bestelink and 
Turner). Published in ASTM Buttetin, 
No. 231, July, 68 (TP156). 

— 260 F test atmospheres (Brown and Thomp- 
son). Published in ASTM Buttetin, No. 
231, ‘July, 59 (TP147). 

thermometers calibration corrections at 
repeated —30C cooling (Martin, Gross- 
man, and McGovern). Published in ASTM 
BULLETIN, No. 231, July, 62 (TP150). 

Lubricants 

gear 

oxidation—laboratory and field (Pohorilla 
and Hart). Published in ASTM Bu te- 
TIN, No. 234, Dec., 45 (TP257). 

oil, separation in storage. Published in ASTM 
BuLtetin, No. 233, Oct., 27. 

proposed method of test for measurement of 
extreme pressure properties. Published in 
ASTM BuLtetin, No. 228, Feb., 28. 

Report of Committee D-2, 297. 

See also Oils and Petroleum. el 

. 


Magnesium 
alloys 
elevated temperature 
effects of exposure time on creep resist- 
ance (Clapper), 812. 
high-damping capacity 
~missile applications (Weissman and 
Babington), 869. Disc., 887. 
high temperature and strain rate effect 
(Fenn and Gusack), 685. 
See also Alloys and Non-Ferrous Metals. 
Magnetic Properties 
Report of Committee A-6, 121. 
Magnetic Testing 
Report of Committee A-6, 121. 


Masonry 
durability in structures 
effect of the atmosphere (McBurney). 
( Summary of Proceedings of STP 236, 
1361. 


_? factors affecting clay products (Johnson and 
Plummer). Summary of Proceedings of 
STP 236, 1361 
Report of Committee C-12, 271. 
Mass Spectrometry. Published in ASTM Butte- 
TIN, No. 230, May, 41 (TP119). 
Meetings 
Annual Meetings 
1958. Published in ASTM Buttetin, No. 
227, Jan., 20; No. 228, Feb., 5; No. 229, 
— April, 5; testing apparatus exhibit, No. 
229, April, 10; No. 230, May, 5; No. 231, 
July 15; Summary of Proceedings, 1. 
1959-1963, No. 232, Sept., 13 
Committee Week 
1958. Published in ASTM Bu ttetin, No. 
227, Jan., 15; No. 229, April, 47; 1959, 


No. 234, Dec., 5 
Electronics Components Conference (1959). 
Published in ASTM Bu ttetin, No. 233, 
Oct., 17. 
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International Meetings. Published in ASTM 
BULLETIN, No. 231, July, 53. 

Nuclear Analytical Technology Conference. 
Published in ASTM But tetin, No. 230, 
May, 1 

Nuclear Congress. Published in ASTM Butte- 
TIN, No. 228, Feb., 16; No. 229, April, 58; 
No. 230; May, 19; No. 231, July, 49. 

Pacific Area, 1959. Published in ASTM But- 
LETIN, No. 230, May, 14; No. 234, Dec., 6. 

Physical Metallurgy of Stress Corrosion 

Fracture Conference. Published in ASTM 
BuL_etIn, No. 233, Oct., 17. 

Plastic Testing and Standardization, Inter- 
national Symposium, Philadelphia, Oct., 
30-31, 1958. Summary of Proceedings of 
STP 247, 1369. 

Soils for Engineering Purposes, Conference on, 
Mexico, Dec. 1958. Summary of Proceed- 
ings of STP 232, 1278. ee 

Membership 
Report of Board of Directors, 56. 
Metal Analysis 
solvent extraction 
Symposium on Solvent Extraction in the 
Analysis of Metals. 
Proceedings of STP 238, 985: 
8-hydroxyquinaldine (Hynek). 
organic 
role in flame photometry (Dean). 
ternary liquid systems 
convergence of tie lines (Pilloton). 
tri-n-octylphosphine oxide (White). 
with thenoyltrifluoracetone (Moore). 
Metal Cleaners 
Report of Committee D-12, 365. 
Metal Coatings 

Report of Committee A-5, 116. 

Report of Committee C-22, 289. 

Metalfilm 

strain gages (Bean, Jr.). Summary of ‘te 
ceedings of STP 230, 983. 

Metal Powders 
Report of Committee B-9, 223. 
Metallography 
electron 
Symposium on Advances in Electron Met- 
allography. Summary of Proceedings of 
STP 245, 982: 
introduction (Nielsen). 
microscopy 
dislocations in elongation in 
aluminum foils (Wilsdorf). 
etchants for studies of magnesium 
alloys (Moe). 

= transmission, examination by (Boswell 

and Smith). 

minor phases of heat-resistant alloys 
(Bigelow, Brockway, and Freeman). 

removal of direct replicas (Bridges and 
Long, Jr.). 

titanium alloy with 8 per cent man- 
ganese (Progress Report, Non- 
Ferrous Task Group, Subcommittee 
XI of ASTM Committee E-4). 

vibratory polishing of specimens (Long, 
Jr. and Gray). 


thin 


Summary of 


ot 


= 


a microstructure of age-hardenable alloys 

(Mihalisin and Carroll). 
precipitation-hardening nickel-base 
alloys (Bigelow, Amy, Corey, and 


Freeman). 
probe analysis of segragation in Inconel 
(Birks and Brooks). 
- Report of Committee E-4, 457. 
thermal properties of thirteen metals (Lucks 
and Deem) (issued as separate pamphilet 
ASTM STP No. 227.) 
also Solvents. 
Metallurgy 
physical 
new advances, research frontiers (Hibbard, 
Jr.). Summary of Proceedings of STP 
243, 1359. 
Mica 
Report of Committee D-9, 345. 
synthetic 
high temperature strain gage (Brewer). 
Summary of Proceedings of STP 230, 
983. 


Microscopy 

electron 
Symposium on Advances in Electron 
Metallography. Summary of Pro- 


ceedings of STP 245, 982: 

dislocations in elongation in thin alumi- 
num foils (Wilsdorf). 

etchants for studies of magnesium alloys 
(Moe). 

transmission, examination by (Boswell 
and Smith). 

minor phases of heat-resistant alloys 
(Bigelow, Brockway, and Freeman). 

removal of direct replicas (Bridges and 
Long, Jr.). 

titanium alloy with 8 per cent manganese 
(Progress Report, Non-Ferrous Task 
Group, Subcommittee XI of ASTM 
Committee E-4). 


_ vibratory polishing of specimens (Long, 
Jr. and Gray). 
Missile Reliability 
materials and materials engineers (Holaday). 
Published in ASTM Buttetin, No. 229, 
April, 50. 
Moisture 
surface 
measurement 
ASTM BULLETIN, 
(TPS59) 
Mortar 
cement strengths (Swayze). Published in 
ASTM BuwLLeTiIn, No. 232, Sept., 54. 
(TP202). 
portland-cement 
effect of fine aggregate on strength and 
durability (Dempsey), 1121. Disc., 1135. 
Report of Committee C-3, 253. — 
Naphthenes 
determination of, in gasoline 


Report of Committee C-12,,271. 
by refractivity intercept graphical method 


of (Sereda). Published in 
No. 228, Feb., 53 


N 
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(Groennings). Published in ASTM Bet- 
LETIN, No. 227, Jan., 64 (TP30). 
Naval Stores 
Report of Committee D-17, 389. 
Nickel 
Report of Committee B-2, 133. 
Nickel Alloys 
Report of Committee B-2, 133. 
See also Alloys. 
Nitric-Hydrofluoric Test 
intergranular corrosion resistance 
type 316L stainless steel (Warren). Pub- 
lished in ASTM BvLtetin, No. 230, 
May, 45 (TP123) (R). 
Non-Combustibility Test 
Report of Committee E-5, 459. 4 


Nondestructive Testing 
Report of Committee E-7, 462. 
Non-Ferrous Metals 
grade A phosphor bronze strip 
study of mechanical properties (Torrey, 
Gohn, and Wilk), 893. Disc., 910. 
magnesium alloys 
effects of exposure times on creep resistance 
(Clapper), 812. 
high-damping capacity 
for missile applications (Weissman and 
Babington), 869. Disc., 887. 
Young’s modulus as function of tempera- 
ture and metallurgical variables (Fenn, 
Jr.), 826 (R). Disc., 838. 
shear strength 
single-shear specimen for sheet material 
(Breindel, Seale, and Carlson), 862. 
Non-Woven Fabrics 
paper products 
technology and end-uses (Taylor and Mc- 
Laughlin). Summary of Proceedings cf 
STP 241, 1363. 
Nuclear Age 
research frontiers, materials (Antal). Summary 
of Procedings of STP 243, 1359. 
Nuclear Applications 
Report of Committee B-7, 173. 
Nuclear Field 
radiation effects 
on materials (Reinsmith). Published in 
ASTM BvutteTin, No. 232, Sept., 37 
(TP185) (R). 
progress in atomic industry in 1957. Published 
in ASTM Buttetn, No. 228, Feb., 21. 
technical societies’ activities. Published 
ASTM Bu No. 231, July ,46. 
test reactors’ space. Published in 
BULLETIN, No. 231, July, 49. 
Nuclear Industries 
applications of aluminum and magnesium 
(Groth), 210. 
Nuclear Radiation 
effect on copper and copper alloys (Moteff), 
159. 


in 


ASTM 


Report of Committee B-5, 141. 
See also Radiation Effect and Radioactivity 
Analysis. 
Nuclear Reactors 
Report of Committee A-3, 112. 
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Nuclear Resonance 
for studying polymer chain flexibility (Slich- 
. ter). Summary of Proceedings of STP 247, 
1369. 


Oils 
composition of petroleum oils (Smith). Pub- 
lished in ASTM Buttetin, No. 231, July, 
55 (preprint of preface to ASTM STP No. 
224). 


fuels, distillate 
stability 
Symposium. Summary of Proceedings of 
STP 244, 1364: 
diesel storage (Jones and MacDonald). 
domestic burner nozzles, requirements 
(Olson). 
gel (Dunn, Jr. and Sauer). 
/ incompatibility (Ward and Schwartz). 
large development oil heating (Ed- 
mands). 
measuring and control (Clinkenbeard). 
need for specification for No. 2 oil? 
(Gray). 
review of the problem (Elmquist). 
separation in lubricating greases in storage. 
Published in ASTM Bvuttetin, No. 233, 
Oct., 27. 
See also Lubricants and Petroleum. 
Oxychloride Magnesium 
Ss Report of Committee C-2, 251. 
Oxysulfate Magnesium 
Report of Committee C-2, 251. 
OZone 
effect on rubber 
Symposium. Summary of Proceedings of 
STP 229, 1365: 
action with polybutadiene 
Bernsten, Hill. and Kusy). 
chemical antiozonants 
: factors affecting their utility (Cox). 
cracking 
quantitative measurement (Veith). 
environment (Haagen-Smit). 
interlaboratory test program (ASTM 
Committee D-11, Subcommittee XV, 
1957)-report (Veith). 
introduction (Maassen). 
prevention by use of waxes (Ferris, 
Kurtz, Jr., and Sweely). 
reaction (Tucker). 
resistance of elastomers 
accelerated and natural tests (Vacca). 
vulcanizates (Ossefort). 


P 


‘ 


(Erickson, 


Package Materials 
testing 
relative humidity measurements (Schrier 
and Wolper). Summary of Proceedings of 
STP 241, 1363. 
Paint 
Report of Committee D-1, 291. 
specifications-tests and controls (Pickett). 
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Published in ASTM Bu No. 227, 
Jan., 70 (TP36). 
Paper 
a laboratory waxing machine (Walter, Evans, 
Walker, and Askevold). Published in ASTM 
BULLETIN, No. 227, Jan. 58 (TP24). 

Report of Committee D-6, 330. 

Symposium on Paper and Paper Products. 
Summary of Proceedings of STP 241, 
1363: 

Clupak-new high stretch paper, manufac- 
ture and performance (Diaz). 
internal bonding, new developments (Britt). 
introduction (Birdsall). 
new cotton paper furnish, properties, ap- 
plication, identification (Harpham). 
package materials, relative humidity meas- 
urements in testing (Schrier and Wolper). 
synthetic fiber papers 
technology and end-uses (Taylor and 
McLaughlin). 
testing (Koontz and Owens). 
testing, historical developments ated 
and Marchetti). 
Paperboard 
Report of Committee D-6, 330. 
Papers and Publications 
Report of Administrative Committee on 
Papers and Publications, 85. 
Particle Size 
aerosol contaminants 
filtration methods (Katz and Sanderson). 
Summary of Proceedings of STP 250, 
1366. 
distribution measurements 
by light scattering (O’Konski, Briton, and 
Higuchi). Summary of Proceedings of 
STP 250, 13060. 

Report of Committee E-1, 433. 

Symposium on Particle Size Measurement. 
Summary of Proceedings of STP 234, 
1280: 

adsorption methods (Fries). 
Blaine fineness tester 
for surface area calculation from air 
permeability data (Ober and Fred- 
erick). 
characteristics of pigments (Recommended 
Practice ASTM Method D 1366-55 T) 
(Calbeck). 
electronic sizing, three-dimensional 
of sub-sieve particles at 6000 per sec 
(Berg). 
introduction (Work). 
sedimentation 
centrifugal 
of airborne 
collected 
Annis). 
determining distribution (Sullivan 
Jacobsen). 
gravitational and centrifugal 
new methods (Berg). 
hydrometer method for soils (Bauer). 
liq uid 
distributions (Cartwright and Gregg). a 


dusts, membrane filter 
(Whitby, Algren, and 


| 
‘ 
| 


photoelectric 
in the sub-sieve range (Harner and 
Musgrave). 
sieving 
cracking catalysts 
measurement of physical properties — 
(Review of API Committee on _ 
Analytical Research) (Mittelman). | 
electroformed precision micromesh 
sieves for cracking catalysts (Daesch- 
ner, Seibert, and Peters). 
fine (Whitby). 
particle bank (Stanford Research 
Institute) (Cadle and Thuman). 
standardization (Judson). (presented by 
title only.) 
turbidimetric theory 
applied to refractory metal and oxide 
powders (Michaels). 
Petroleum 
activities of Committee D-2—year ending 
June 1958. Published in ASTM BULLETIN, 
No. 233, Oct., 22. 
bulk quantity measurement 
Symposium on Bulk Quantity Measure- 
ment. Summary of Proceedings of STP 
249, 1371: 
automatic tank gage 
application, installation, maintenance 
(Robinson, Jr.). 
performance (Sims). 
hand gaging (Peterson and Wagner). 
positive displacement meters (Levy). 
refining industry and ASTM (Ferguson). 
Published in ASTM Bu tetin, No. 230, 
May 24. 
See also Fuels and Oils. 
Petroleum Products 
proposed method ial 
for ash content of petroleum oils. Published 
in 1958 Compilation of ASTM Standards 
on Petroleum Products and Lubricants, 
p. 1114. 
for breaking strength of petroleum waxes. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1098. 
for computing ASTM butadiene measure- 
ment tables. Published in 1958 Compila- 
tion of ASTM Standards on Petroleum 
Products and Lubricants, p. 1081. 
for dilution of automotive crankcase oils 
(reduced pressure distillation). Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1076. 
for distillation of petroleum products. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1158. 
for filterability of aviatjon turbine fuels. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1083. 
for hydrocarbon types in low olefinic gaso- 
line by mass spectrometry. Published in 


¥ 
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method. Published in 1958 Compilation 


1958 Compilation of ASTM Standards on 
Petroleum Products and Lubricants, p. 
1101. 

_ for knock characteristics of motor fuels 
above 100 octane number by the motor 


of ASTM Standards on Petroleum 
Products and Lubricants, p. 1167. 
for knock characteristics of motor fuels 
above 100 octane number by the research 
method. Published in 1958 Compilation 
of ASTM Standards on Petroleum 
Products and Lubricants, p. 1121. 
for maximum fluidity temperature of resid- 
ual fuel oil. Published in 1958 a Compila- 
tion of ASTM Standards on Petroleum 
Products and Lubricants, p. 1108. 
for particulate matter in hydrocarbons. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1087. 
for sealing strength of paraffin wax. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1087. 
for thermal stability of aviation turbine 
fuels. Published in 1958 Compilation of 
ASTM Standards on Petroleum Products 
and Lubricants, p. 1135. 
proposed specification 
for aviation turbine fuels. Published in 1958 
Compilation of ASTM Standards on Pe- 
— Products and Lubricants, p. 
1131. 
Report of Committee D-2, 297. 
Phosphors 
NBS standard samples. Published in ASTM 
BULLETIN, No. 233, Oct., 15. 
Pigments 


a 
Report of Committee D-1, 291. 
Pipe 
clay 
Report of Committee C-4, 255. 
concrete 
Report of Committee C-13, 272. 
plastic 
Report of Committee D-20, 410. 
Pitch 


roofing materials 
Report of Committee D-8, 341. 
Plastics 
brittleness temperature (Webber). Published 
in ASTM Bu LtetTn, No. 227, Jan., 40 (TP 
6) (R). 
glass-reinforced 
creep (Goldfein). Disc. Published in ASTM 
BULLETIN, No. 229, April, 65 (TP83). 
laminates 
long-time creep (Findley and Peterson), 841 
(R). Disc., 856. 
measurement of elastic moduli 
by elastometer (Spurr, Heldman, and 
Myers). Published in ASTM Bu tetin, 
No. 231, July, 65 (TP153). 
proposed method 
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for environmental stress cracking. Published 
in 1958 Compilation of ASTM Standards 
on Plastics, p. 1049. 
for measuring surface flammability using a 
radiant heat energy source. Published in 
_ 1958 Compilation of ASTM Standards on 
Plastics, p. 1055. 
Report of Committee D-9, 345. 
Report of Committee D-20, 410. 
Symposium on Plastics Testing and Stand- 
ardization. Summary of Proceedings of 
STP 247, 1369: 
engineering properties 
anisotropic effects in testing (Hogberg). 
electrical insulating materials, encyclope- 
dia of (de Senarclens). 
mechanical properties 
at high speed of testing (Hall). 
of molded objects (Dubois, Bossu and 
Chatain). 


shear strength measurement 
suitable shape for specimens (Golden- 
berg, Arcan, and Nicolan). 
molecular characterization 
classification of macromolecular products 


on basis of correlation between struc- 
ture and properties of high polymers 
(Costecu). 
of polymer structure 
use of infrared spectroscopy (Potts). 
use of X-ray diffraction and scattering 
(Statton). 
polymer chain flexibility 
nuclear resonance studies (Slichter). 
weight of macromolecules (McIntyre). 
standardization 
in Belgium 
in Czechoslovakia 
in Germany (Ehlers). 
in Great Britain (Weston and Glass). 
in Hungary (Miklovicz). 
in Poland (Mrozowski). 
in Roumania 
in Sweden 
in the Netherlands (Wijbrans). 
introduction (Hussey, Jr.). 
in U.S.A. (Burns). 
in U.S.S.R. 
summary (Painter), 
thermal properties 


. flow of thermosetting and thermoplastic 


(von Meysenbug). 


_ rheology of polymer melts (Merz and 
Cox). 


transition of impact strength 
function of temperature (Juillard). 
-Vicat softening point test (Stephenson 
and Willbourn). 
Plastometer 
for testing coal (Hills). Disc., published in 
ASTM Bu Ltet1n, No. 231, July, 84 (TP 
172). 
Polymers 
melts 
high shear rate testing 
capillary extrusion rheometer (Merz and 
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Colwell). Published in ASTM Butte- 
Trin, No. 232, Sept., 63 (TP211). 
polyethylene 
low-temperature brittleness test (Beste- 
link and Turner). Published in ASTM 
BULLETIN, No. 231, July, 68 (TP156). 
environmental stress cracking 
bent strip test (Kaufmann). Published in 
ASTM Bu LtetTin, No. 233, Oct., 32. 
See also Plastics. 
Porcelajn Enamel 
Report of Committee C-22, 289. 
Pozzolan 
effect on sulfate resistance 
of concretes with portland cements of C;A 
content (Polivka and Brown), 1077 (R). 
Disc., 1099 
President’s Address 
materials—a continuing challenge for ASTM, 
annual address (Kropf). Published in 
ASTM Bu ttetin, No. 231, July, 12. Sum- 
mary of Proceedings, 43. 


te 


rubber, GR-S-vulcanization and standards, 
Goodyear medal award address (Car- 
penter—Past President). Published in 


ASTM BULLETIN, No. 227, Jan., 28 (R). 
Prestressed Materials 
testing on Northern Illinois toll highway 
(Waddell). Published in ASTM Bu ttetin, 
No. 234, Dec., 35 (TP247). Disc., 40 (TP 
252). 
Progress Report 
melting range of rubber chemicals. (Task 
Group on the Analysis of Rubber Chemi- 
cals, ASTM Committee D-11). Published 
in ASTM Buttetin, No. 231, July, 92 
(TP 180). 
separation of oil from lubricating greases in 
storage (Section IV of Technical Commit- 
tee G of ASTM Committee D-2). Published 
in ASTM Bu .tetin, No. 233, Oct., 27. 
wood pole research program (Markwardt). 
Published in ASTM Buttetin, No. 230, 
May, 12. 
Proposed Methods 
absorption spectroscopy 
Report of Committee E-13 (appendix), 472. 
cement 
analysis by flame photometry 
for manganese, sodium and potassium 
(Ford). Published in ASTM Bu Ltetin, 
No. 233, Oct. 62 (TP244). 
lubricants 
extreme pressure properties. Published in 
ASTM BUwLLETIN, No. 228, Feb., 28. 
petroleum products 
ash content of petroleum oils. Published in 
1958 Compilation of ASTM Standards on 
Petroleum Products and Lubricants, p. 
1114. 
breaking strength of petroleum waxes. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1098. 
computing ASTM butadiene measurement 
tables. Published in 1958 Compilation of 
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ASTM Standards on Petroleum Products 
and Lubricants, p. 1081. 

dilution of automotive crankcase oils (re- 
duced pressure distillation method). Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1076. 

distillation of petroleum products. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1158. 

filterability of aviation turbine fuels. Pub- 

; lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1083. 

hydrocarbon types in low olefinic gasoline 
by mass spectrometry. Published in 1958 
Compilation of ASTM Standards on 
Petroleum Products and Lubricants, p. 
1101. 

knock characteristics of motor fuels above 
100 octane number by the motor method. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1167. 

knock characteristics of motor fuels above 
100 octane number by the research 
method. Published in 1958 Compilation 
of ASTM Standards on Petroleum Prod- 
ucts and Lubricants, p. 1121 

maximum fluidity temperature of residual 
fuel oil. Published in 1958 Compilation of 
ASTM Standards on Petroleum Products 
and Lubricants, p. 1108. 

particulate matter in hydrocarbons. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1087. 

test for sealing strength of paraffin wax. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1094. 

thermal stability of aviation turbine fuels. 
Published in 1958 Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants, p. 1135. 


plastics (Medin). 
environmental stress cracking of plastics. summation (Seamon). 
Published in 1958 Compilation of ASTM surface waters, laboratory analysis 
Standards on Plastics, p. 1049. ae methods (Setter, Hagee and Straub). 
measuring the surface flammability of plas- on materials 
tics using a radiant heat energy source. Symposium. Summary of Proceedings of 
Published in 1958 Compilation of ASTM _ STP 233, 1358: 
: Standards on Plastics, p. 1055. ae dosimetry 
polyethylene techniques for gamma and_ reactor 
: environmental stress cracking _ _ fadiation fields (Schall and Kircher). 
bent strip test method (Kaufmann). Pub- and Kittel). 
lished in ASTM Buttetin, No. 233, 
Oct., 32. engineering test reactor (Doan). 
es: for study of effects of nuclear radiation 
soaps on materials (Colp and Snyder). 
sodium alkylbenzene sulfonate in synthetic in NRU (Laurence). 
detergents by ultraviolet absorption. in-pile fatigue testing apparatus 
Published in 1958 C ompilation of ASTM — (Drucker). 


Standards on Soap and Other Detergents, | 
p. 941. 
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textile materials 
dimensional change of knitted fabrics in 
laundering and dimensional restorability 
of the laundered fabric. Published in 
1958 Compilation of ASTM Standards on 
Textile Materials, p 753 
pilling propensity of textile fabrics by the 
random tumble pilling tester. Published 
in 1958 Compilation of ASTM Standards 
on Textile Materials, p. 783 
Proposed Specification 
aviation turbine fuels. Published in 1958 
Compilation of ASTM Standards on Petro- 
leum Products and Lubricants, p. 1131. 
Protein Materials 
Report of Committee D-25, 429. 
Pycnometer 
specific gravity of cement 
determined in water (Ford). 
ASTM BULLETIN, No. 
(TP169). 


Published in 
231, July, 81 


Q 


Quality Control 

Report of Committee E-11, 466. 
Quick Lime 

Report of Committee C-7, 257. 


R 


Radiation Effect 
in industrial water and industrial waste water 
Symposium on Radioactivity in Industrial 
Water and Industrial Waste Water. 
Summary of Proceedings of STP 235, 


1360: 
atomic plants q 
analysis for radionuclides 
in environmental samples (Reid). : 
7 in wastes (Kahn, Moeller, Handley, 
and Reynolds). 


waste processing control (Whirl and 
(Tash). 
hazards, test methods (Munter). 
introduction (Beleyea). 
purity control of APPR primary water 


radiation effects 


Ce behavior of fuel materials for sodium 


a q 
as 
. 


= 


graphite reactors ti Wilkin- 
son, and Woolsey) 
damage on ‘control materials 
te (Ray, Anderson and Dunning). 
on natural quartz piezoelectric crystals 
(Graham and Donovan). 
on transmission characteristics of some 
optical glasses, high neutron and 
gamma fluxes (Colp and Woodall). 
on type 347 stainless steel flow sep- 
arator in the EBR-I core (Bailey and 
Silliman). 
on uranium-fissium alloys and related 
composition (Smith). 
reactor pressure vessel design for 
. nuclear applications (Balai, Kettles, 
and Bailey). 
See also Nuclear Radiation. 
Radioactivity Analysis 
by laboratory methods 
for ,surface waters (Setter, Hagee, and 
Straub). Published in ASTM Bu ttetin, 
No. 227, Jan., 35 (TP1) (R). 
Radioactive Isotopes 
for seepage determination on hydraulic struc- 
tures (Ortiz). Summary of Proceedings of 
STP 232, 1278. 
industrial use (Aebersold). Published in ASTM 
Butietin, No. 228, Feb., 27 (Reprinted 
from ASTM STP No. 215, p. 92.) 
Refractories 
Report of Committee C-8, 259. 
Research 
materials, research frontiers 
Symposium on Materials Research Fron- 
tiers. Summary of Proceedings of STP 


243, 1359: ya, 
glass, developments in (Shaver). — 
instruments (Billings). 7 

in the nuclear age (Antal). 


liquid fuels (Lyman). 
molecular engineering (von Hippel). 
physical metallurgy (Hibbard, Jr.). 
tailoring the properties (Stevenson). 
Report of Administrative Committee on Re- 
search, 91. 
strength of materials 
necessity of fundamental research (Zaustin). 
Disc. Published in ASTM BuLtetin, No. 
231, July, 64 (TP152). 
Rheology 
of polymer melts 
correlation of dynamic and steady flow 
measurements (Merz and Cox). Summary 
of Proceedings of STP 247, 1369. 
Road and Paving Materials 
asphalt 
durability 
effect of ultraviolet light (Sparlin), 1316 
(R). 
_ slow-setting paving grade 
7 for airfield paving construction (Fenton), 
1306 


a stripping from aggregate (Brown, Sparks, 
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and Marsh). Summary of Proceedings of 
STP 240, 1326. 
bituminous plant mix 
suitability of lightweight aggregate to 
manufacture of (Wycoff). Published in 
ASTM BuLtetin, No. 235, Jan., 1959, 
33 (TP3). 
skidding resistance 
determined by laboratory method (Shupe 
and Goetz), 1282. 

Report of Committee D- 4, 317. 

Report of Committee D-18, 393. 

See also Aggregate, Bituminous Materials, 
Bituminous Paving Mixtures, and Con- 
crete. 

Roofing 

asphalt coating 

evaluation of serviceability and suitability 
(Wilkinson, Striker, and Traxler). Pub- 
lished in ASTM Buttetin, No. 230, May, 
42 (TP120). 

bituminous, temperature of (Ballantyne and 
Spencer.) Disc. Published in ASTM Butte- 
TIN, No. 228, Feb., 67 (TP73). 

Roofing Materials 
Report of Committee D-8, 341. 
Rosin 
Report of Committee D-17, 389. 
Rotor Forgings 
Symposium on Brittle Failure of Rotor Forg- 
ings. Summary of Proceedings of STP 
231, 984: 
for turbo-generator 
axial test bore (Kreitz). 
for power equipment (Foulkes). 
inspection of (Danner). 
requirements for turbine and _ generator 
(Rankin). 
research (task group report) (Schaefer). 
ultrasonic testing 
influence of geometric factors (Krainer 
and Krainer). 
Rubber 

effect of ozone 

Symposium. Summary of Proceedings of 
STP 229, 1365: 


action with polybutadiene (Erickson, 
Bernsten, Hill, and Kusy). 
chemical antiozonants 

factors affecting their utility (Cox). j 
cracking 


quantitative measurement (Veith). 
environment (Haagen-Smit). 


interlaboratory test program (ASTM 


Committee D-11, Subcommittee XV, 


1957) report (Veith). 
introduction (Maassen). 


prevention by use of waxes (Ferris, Kurtz, 


Jr., and Sweely). 
reaction (Tucker). 
resistance of elastomers 


vulcanizates (Ossefort). 


accelerated and natural tests (Vacca). 
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new SBR numbers. Published in ASTM But- 
LETIN, No. 228, Feb., 15 
Report of Committee D-11, 357. 
rings and bands 
tension testing (Roth and Stiehler). Pub- 
lished in ASTM Buttetin, No. 233, Oct., 
38 (TP220). 
vulcanization and standards (Carpenter). Pub- 
lished in ASTM Bu ttetin, No. 227, Jan., 
28 (R). 
Rubber Chemicals 
melting range (Task Group on the Analysis of 
Rubber Chemicals, ASTM Committee D- 
$2). Published in ASTM Bouttetin, No. 
231, July, 92 (TP180). Ts 


Ss 


Samples, preparation of 
for Geiger counter diffractometer (Copeland 
and Bragg). Published in ASTM BuLLetin, 
No. 228, Feb., 56 (TP62). 
Sand 
compression testing of (Roberts and de Souza), 
1269 (R). 
Sandwich Construction 
durability in structures (Kuenzi and Wood). 
Summary of Proceedings of STP 236, 1361. 
structural 
Report of Committee C-19, 283. 
Semiconductors 
Report of Committee F-1, 495. 
Sheet Materials 
shear strength 
single-shear specimens (Breindel, Seale, and 
Carlson), 86 
Shipping Containers 
Report of Committee D-10, 355. 
Siding Materials 
Report of Committee D-8, 341. 
Silicones 
to extend concrete highway durability and 
light reflectance) (Cahn and Mackey). Pub- 
lished in ASTM Buttetin, No. 235, Jan., 
1959, 37 (TP7). 
Soaps 
proposed method 
for sodium alkylbenzene sulfonate in syn- 
thetic detergents by ultraviolet absorp- 


= tion. Published in 1958 Compilation of 
ASTM Standards on Soap and Other De- 
tergents, p. 941. 
Report of Committee D-12, 365. 


Soils 
Conference on Soils for Engineering Purposes. 


Summary of Proceedings of STP 232, 
1278: 
bearing ratio 
California and Iowa, correlation (David- 
son, Katti, Kallman, and Gurland). 
cohesive 
construction control for embankments 
a rapid method (Hilf). 
compaction 
characteristics of gravelly soils (Holtz and 
Lowitz) 


INDEX 


= 
Ane 
dynamic test (Tamez). \ 
with rubber-tired rollers 
effect of tire pressure and lift thick- 
nesses (Turnbull and Foster). 
deformations 
under repeated stress applications (Seed 
and McNeill). 
expansive clays 
laboratory consolidation test (Dawson). 
hydraulic structures 
seepage determination 
by radioactive isotopes (Ortiz). 
sampling and rock coring equipment (Van 
Zelst). 
stratified 
sinusoidal surface waves (Slade, Jr.). 
testing 
with transient loads (Whitman). 
underpinning and straightening of eleven- 
story building (Mexico City) (Streu). 
volcanic 
construction of an earth dam (Lazcano). 
consolidation of Mexico City clay (Zee- 
vaert). 
lacustrine clays 
unconfined compression and vane shear 
tests (Marsal). 
granular 
and fine grain 
triaxial loading test of cylinders mixed, 
with portland cement (Balmer), 1187 
(R). Disc., 1203. 
chemically treated 
mechanical behavior (Schiffman and Wil- 
son), 1218 (R). 
measurement 
against laterally loaded pile (Matlock and 
Ripperger), 1245 (R). 
of moisture “suction” (Penner), 1205 (R). 
Report of Committee D-18, 393 
testing for highway construction 
Symposium on the Application of Soil Test- 
ing in Highway Design and Construc- 
tion. Summary of Proceedings of STP 
239, 1279: 
_ banded sediments, investigation along 
North Shore in Quebec (Pryer and 
Woods). 
compaction 
index of characteristics (McRae). 
by laboratory methods for granular 
soils (Felt). 
core drilling machines, power augers, and 
electrical resistivity, experienced on 
Pennsylvania Turnpike (Shurig and 
Yoder). 
_ examples of engineering (Barber). 
exploration and mapping 
cooperative project in Illinois (Chryssa- 
fopoulos). 
introduction (Seed). 
moisture-density curves, typical in Ohio 
(Joslin). 
test data, value in road planning (Ekse). 
See also Clay and Sand. 


| 


Solder 


Report of Committee B-2, 133. 


Solvents 


extraction in analysis of metals 
Symposium on Solvent Extraction in the 
Analysis of Metals. Summary of Pro- 
ceedings of STP 238, 985: 
8-hydroxyquinaldine (Hynek). 
organic 
role in flame photometry (Dean). 
ternary liquid systems 
convergence of tie lines (Pilloton). 
use of tri-n-octylphosphine oxide (White). 
with thenoyltrifluoracetone (Moore). 
Report of Committee D-1, 291. 


Spectrochemical Analysis 


Report of Subcommittee X (Test Group 1) of 
Committee E-2 (appendix), 446. 


Spectrometry 


instrumentation for air pollution measure- 
ments (Rogers). Summary of Proceedings of 
STP 250, 1366: 


Spectrometric Data 


automatic system. Published in ASTM Butte- 
TIN, No. 231, July, 67 (TP155). 


Spectroscopy 


infrared 
in characterization of polymer structures 
(Potts). Summary of Proceedings of STP 
247, 1369. 
nuclear magnetic resonance 
for studying polymer chain flexibility (Slich- 
ter). Summary of Proceedings of STP 247, 
1369. 
Report of Committee E-2, 443. 
Report of Committee E-13, 470. 
Report of Committee E-13 (appendix), 472. 


Standardization 


action on standards. Published in ASTM But- 
LETIN, No. 227, Jan., 15; No. 228, Feb., 10; 


231, July, 39; No. 232, Sept., 6; No. 233, 
Oct., 12; No. 234, Dec., 11. 
air line viewpoint (Kelly). Published in ASTM 
BuLLeTIN, No. 228, Feb., 25. 
copper and copper alloys 
recommendations affecting standards. Re- 
port of Committee B-5 (appendix), 144. 
electrical insulating materials 
Report of Committee D-9 (appendix), 352. 
federal government standard index changes. 
Published in ASTM Buttetin, No. 227, 
Jan., 73; No. 228, Feb., 102; No. 229, April, 
132; No. 230, May, 69; No. 231, July, 128; 
No. 232, Sept. 99; No. 233, Oct., 90; No. 
234, Dec., 100. 
IRAM, materials (Ghirelli de Ciaburri). Pub- 
lished in ASTM But tetin, No. 230, May, 20. 
light metals and alloys 
Report of Committee B-7 (appendix), 173. 
new science of materials (Hochwalt). Pub 
lished in ASTM Buttetin, No. 230, May, 
27 (TP105). 
plastics 
Report of Committee D-20 (appendix), 147. 
Symposium on Plastics Testing and Stand- 


- No. 229, April, 37; No. 230, May, 9; No. 
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ardization. Summary of Proceedings 
of STP 247, 1369: 
in Belgium 
in Czechoslovakia 
in Germany (Ehlers). 
in Great Britain (Weston and Glass). 
in Hungary (Miklovicz). 
in Poland (Mrozowski). 
in Roumania 
in Sweden 
in the Netherlands (Wijbrans). 
in U.S.A. (Burns) 4 
in U.S.S.R. 
Report of Administrative Committee on 
Standards, 79. 
steel 
Report of Committee A-1 (appendix), 94. 
textile materials 
Report of Committee D-13 (appendix), 371. 


Statistical Analysis 


Report of Committee E-11, 466. 


Steel 


ASTM and the steel industry (Veeder). Pub- 
lished in ASTM Bu tetin, No. 231, July, 
57. 

carbon 
fatigue damage—eflect of reheating (Yoko- 

bori). Published in ASTM BuLtetin, No. 
234, Dec., 65 (TP277). 

crack propagation 

nickel-molybdenum-vanadium 
notch-bend testing, size effects (Lubahn 
and Yukawa), 661 (R). Disc., 676. 
high strength 
hydrogen embrittlement 
from cadmium electroplating (Klier, 
Muvdi, and Sachs), 597 (R). Disc., 620. 
toughening by warm working (Ripling), 943 
(R). Disc., 953. 

industry and ASTM (Veeder). Published in 
ASTM Buttetin, No. 23, July, 57. 

intergranular corrosion resistance 
stainless, austenitic 

ferric sulfate-sulfuric test (Streicher). 
Published in ASTM But tetin, No. 
229, April, 77 (TP95) (R). 
stainless, type 316L 
nitric-hydrofluoric acid evaluation (War- 
ren). Published in ASTM But etn, 
No. 230, May, 45 (TP123) (R). 

mild 

size effect on yielding in bending (Richards), 
955. Disc., 967. 

Report of Committee A-1, 94. 

Report of Committee A-5, 116. 

Report of Subcommittee XIV, Committee 
A-5, 116. 

Report of Committee A-6, 121. 
rimmed deep-drawing 
strain-aging characteristics 
effect of strain rate and temper-rolling 
extension (Fisher, Carlson, and Lank- 
ford), 932. 
silicon 
Report of Committee A-6, 121. 
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stainless 
cold-worked 
hysteresis and anelasticity 
971 (R). 
type 347 
radiation effect 
on flow-separator in the EBR-I core 
(Bailey and Silliman). Summary of 
Proceedings of STP 233, 1358. 
temper brittleness 
microstructural observations (Clancy and 
Norton), 912 (R). Disc., 931. 
testing pin-end columns (Huber). Published in 
ASTM Bw ttetTin, No. 234, Dec., 41 (TP 
253). 
welded tubing 
beam and column tests with design recom- 
mendations (Wolford and Rebholz). Pub- 
lished in ASTM But tetin, No. 233, Oct., 
45 (TP227) (R). 
See also Alloys, Fatigue, Metallography, and 
Radiation Effect. 
Steel Sheets 
Report of Committee A-5, 116. 
Report of Subcommittee XIV, Committee 
A-5, 116. 
Steel Wire 
high carbon, small diameter 
torsional fatigue properties (Burnett), 515. 


(Lubahn), 


Disc., 525. 
Stone 
building 
Report of Commitee C-18, 281. 


Strain Gages 
high-temperature 
Symposium on Elevated Temperature 
Strain Gages. Summary of Proceedings 
of STP 230, 983: 
bakelite 
for temperatures between —320 and 
450 (Madsen). 
bonding agents (Moore). 
ceramic coatings 
for experimental stress analysis (Stren, 
Jr.). 
ceramic-type strain gage cements 
resistance measurement (Pitts, Buz- 
zard, and Moore). 
evaluator (Martina). 
fabricated with Armour Alloy “D” 
evaluation configurations (Shrager). 
foil (Hines). 
for long-time static testing to 650 F (Yan- 
owitz, Berman, and Bleiweis). 
for stress measurements in jet engines 
(Anderson). 
introduction (Weiss). 
investigations at Grumman Aircraft En- 
gineering Corp. (Stewart). 
metalfilm (Bean, Jr.). 
nichrome-foil up to 1200 F (Forlifer). 
optical (Howerton). 
resistance-type (Bloss). 
static and dynamic, research in (Kemp). 
synthetic mica (Brewer). 
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temperature compensation 
(Friedman). 


(Gray, Grossman, and Rubin). 
thermal stress measurements (DeMi- 
chele). 


_ testing at Rolls-Royce (Drew). 5 
_ to 900 F, laboratory evaluation (Day). 
wire 
alloy, stability (Metcalfe). 
development (Graft). 
indicators 
checking device (Mills, Jr.). Published in 
ASTM BuvuttetTin, No. 232, Sept., 62 
(TP210). 
Strain Rate Effect 


and high temperature effect 
on magnesium alloys (Fenn and Gusack), 


Stress cracking 
environmental 
bent strip test for polyethylene (Kauf- 
mann). Published in ASTM BULLETIN, 
No. 233, Oct., 32. 
Stress-Strain 
autographic recorder (Bouche and Tate). Pub- 
lished in ASTM Buttetin, No. 228, Feb., 
33 (TP39) (R). 
computer for the SR-4 (Behr and Gusack). 
Published in ASTM. Buttetin, No. 228, 
Feb., 43 (TP49). 
true stress-true strain computer (DeSisto and 
Driscoll). Published in ASTM Bvutietin, 
No. 228, Feb., 46 (TP52). 
Suggested Method 
caustic soda 
spectrochemical analysis 


by the solution — a-c arc technique. Re 
port of Committee E-2 (appendix), 
446. Published in 1958 Compilation of 


ASTM Standards on Soap and Other 
Detergents, p. 944. 
Sulfoaluminates 
effect on concretes containing high C;A ce- 
ment 
with or without addition of pozzolan (Po- 
livka and Brown), 1077 (R). Disc., 1099. 
Surface Moisture 
measurement of (Sereda). Published in ASTM 
BULLETIN, No. 228, Feb., 53 (TP59). 


Tar 


Report of Committee D-4, 317. 
Report of Committee D-8, 341. 
Technological Progress | 

research scientist standpoint (Thomas). Pub- 
lished in ASTM BvuLtetin, No. 228, Feb., 
70 (TP76). 
Temperature 
function of 
on transition of impact strength of plastics 
 (Juillard). Summary of Proceedings of 
STP 247, 1369. 
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Temperature Effect 
on aluminum-aluminum alloys (M257 and 
SAP) (Cremens, Bryan, and Grant), 753. 
Disc., 760. 
See also Elevated Temperature and High 
Temperature. 
Tension Testing 
dynamic loading 
steel, aluminum and titanium alloys (Crum 
and Mavi is). Published in ASTM ButLe- 
TIN, No. 231, July, 88 (TP176). 
Test Atmospheres 
— 260 F temperatures 
by portable cold flask (Brown and Thomp- 
son). Published in ASTM Bu ttettn, No. 
231, July, 59 (TP147). 
Testing Machines 
compression and residual stress of steel fixtures 
for pin-end columns (Huber). Published in 
ASTM Buttetin, No. 234, Dec., 41 (TP 
253). 
computer 
for SR-4 (Behr and Gusack). Published in 
ASTM BUuLLeETIN, No. 228, Feb., 43 (TP 
49). 
true stress-true strain (DeSisto and Dris- 
coll). Published in ASTM Buttetn, No. 
228, Feb., 46 (TP52). 
elastometer 
measurement of plastics (Spurr, Heldman, 
and Myers). Published in ASTM Butte- 
TIN, No. 231, July, 65 (TP153). 
extensometer 
for high explosive materials (Reynolds). 
Published in ASTM Bu ttetin, No. 234, 
Dec., 65 (TP277). 
fatigue tester 
for high temperature, vacuum, controlled 
environment (Danek and Achter). Pub- 
lished in ASTM Buttetin, No. 234, Dec., 


48 (TP260). Disc., 52 (TP264). 
Report of Committee E-1, 433. * 
strain gages 


indicators 
checking device (Mills, Jr.). Published i in 
ASTM Bu ttetin, No. 232, Sept., 62 
(TP210). 
stress-strain 
autographic recorders (Bouche and Tate). 
Published in ASTM Buttetin, No. 228, 
Feb., 33 (TP39) (R). 
tension 
high speed (Strella, Sigler, Chmura, and 
Holman). Published in ASTM Buttetin, 
No. 228, Feb., 50 (TP56). 
See also Gages and Strain Gages. 
Testing Methods 
flow 
applied to thermosetting molding materials 
(von Meysenbug). Summary of Proceed- 
ings of STP 247, 1369. 
for fluoride ion 
in industrial water and waste water 
Report of Committee D-19 (appendix), 


= 
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for molded plastic objects (Dubois, Bossu, and 
Chatain). Summary of Proceedings of STP 
247, 1369. 
hardness 
Report of Committee E-1, 433. 
Vicat softening point 
correlations, uses, and variants for plastics 
(Stephenson and Willbourn). Summary of 
Proceedings of STP 247, 1369. 
See also Proposed Methods. 
Test Sites 
Report of Advisory Committee on Corrosion, 
229. 
Textiles 
military (Kennedy). Published in ASTM But- 
LETIN, No. 232, Sept., 33 (R). 
Textile Materials 
proposed method 
for dimensional change of knitted fabrics in 
laundering and dimensional restorability 
of the laundered fabric. Published in 1958 
Compilation of ASTM Standards on Tex- 
tile Materials, p. 753. 
for pilling propensity of textile fabrics by 
the random tumble pilling tester. Pub- 
lished in 1958 Compilation of ASTM 
Standards on Textile Materials, p. 783. 
Report of Committee D-13, 369. 
Thermal Conductivity 
Report of Committee C-16, 278. 
Thermal Insulating Materials 
Report of Committee C-16, 278. 
Thermometers 
thermal stability of glasses (Ruh and Conklin). 
Published in ASTM Buttetin, No. 233, 
Oct., 35 (TP217). 
calibration corrections 
at repeated —30C cooling (Martin, Gross- 
man, and McGovern). Published in 
ASTM BUuLLETIN, No. 231, July, 62 
(TP150). 
Report of Committee E-1, 433. 
Thermostatic Metals 
Report of Committee B-4, 139. 
Tile 
clay 
Report of Committee C-15, 275. 
drain 
Report of Committee C-15, 275. 
Timber 
Report of Committee D-7, 333. 
Titanium 
Report of Committee B-2, 133. 
Transformer Oil 
Report of Committee D-9, 345. 
Triaxial Loading Test 
of cylinders of granular and fine-grain soil 
with portland cement (Balmer), 1187 (R). 
Disc., 1203. 
Triphosphate 
commercial-analysis of 
by ion-exchange (Spangler, 


Howes, Jr., and Kish). Published in 
ASTM BuLtetin, No. 228, Feb., 61 (TP 
17>: 
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U 
Unsolved Problems. Published in ASTM BuLLE- 
TIN, No. 232, Sept., 20. 
Ultraviolet Energy 
effect on hardening of asphalt (Sparlin), 1316 
(R). 


Vv 


Vane Shear Test 
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